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ABSTRACT

In Part I of thias report, studies on the preparation of boron tri-
bromide by the action of bromine on elemental boron have been described
in detail. It had been found that the most suitable temperature for this pre-
paration was 700°C. The bromination product at this temperature contained
about 96% of boron tribromide. Kilogram quantities of the bromide were
prepared by this method.

In Part II, the subsequent purification of crude bromide Ly friantio gl
distillation is described. Using a quartz distillation colunmin a product nl

99. 99% purity was obtained in a single distillation,



PREPARATION OF BORCN TRIBROMIDE (PART I) AND
ITS PURIFICATION (PART II)

H.S. Ahuja, .I. A. Khan, 11)3Y P. Kunte and G.S. Rao
1. INTRODUCTION

The use of boron tribromide as a dehydrating catalyst and as aa
intermediate for the preparation of organo-boron compounds ie welil knawn
for the past many years. Its application as a powerful demethylating re-
agent for aromatic ethern has recently been reported(l). With the rapid
development of electronics industry, it has agsumed greater iportance as
a source for high-purity boron for use as a semiconductor and as a dopant
in silicon and germanium. ¥or the preparation of ultra-pure bBoron, boron
hydrides which contain the most desirable percentage of boron appear to be
the best choice and attempts have been made to prepare the element by their
thermal deCOmPOBitiOH(Z' 3). However, their explosive nature and handling
problems cauge difficulties in the application of this method. The boron
halides therefore appear to be the best starting materials. The selection
of the suitable halide is governed by a number of factors such as their pre-
paration and >purification. decomposition temperarture, handling problems
and storage. In view of these conesiderations boron trifluoride is not
favoured because of its high thermal stability, low boiling peint (~101°C}
and highly corrosive decomposition products. Boron trichloride(4, 5) is also
less favourable because of the same factors as in the case of boron trifluoride.
Boron tribromide and triiodide are quite suitable since they have the most
desirable physical properties (BBrj: B. P., 90.6°C, M.P., -45°C;

BI4:B.P., 210°C, M.P., 43°C) suitable for purification by standard
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techniques aud require lovr temperatures for their decompositicn. The
bromide is hdwevrr preferred or; acco.unt"of,' ite mhér boron t.:'onte:rt by weight -
‘and of higher ylelds (90-100%) as compared to 1odide(®) v_vhére only 62-63%
yield is obtained.

1.1 Selection of the process

A survey of Hterature suggests the po=sibility bf adqpting one of tim
following methods for the syntheaia of boron tribrorr'ide.

(1) Actien of bromine on elamental boron at elevatnd tempern.turen(""io)k
The combination takes place in .he temperature range v420-900°C. The pro- |
&rzct is purer the lower the temperature(11),

(2) Bromination of boron carbide(!z) between 950-1000°C.

(3) Halogen exrhange of boron trifluoride or potagsium flucborate

with aluminium bromicle(1 3)

" (4) Rea.ction of boron with sﬂver bormide(“) Boron tribromide

is formed by the following reaction:«

B+ 3AgBr _..!.9_0.9..?.?., BB:g + 3Ag.
The reaction hanp to be carried out in high vacuum since the Gibh'u free
'energ;,' vilues 2t normal preasures are pouiuve upto 1000°C. |

(5) R.ea.ctiOn of bromilne with an intimate mixture of boric oxlde

and carboii at 25000(15)

Synthesu of bozron tribromide by methoz;l (l) and (5) appelrl to.

- be qulte simiple and convenient for its: prepaution even ona la.rge "jcale

;-However. in the case o§ method (5) wa have observed
tribromide by bromina.ting 8 mixture of boric ©3

even upto 800°C.. . The reaction wu not carried




-3-

since the quartz reaction tube gets brominated. Hence the preparation of
‘boron tribromide by bromination of elemental boron has been studied in detail
and the present report deals with these studiee.
2, EXPERIMENTAL
2.1 Apparatus

A schematic diagram of the experimental set up is given in Fig. 1.
The reaction tube (A) s of transparent quartz (32 mm hore and 36" ength)
having a bromine dispersion tube (B) and an outiet (C) for the bromide. Boron
in the form of pellets _i:; itept over the bromine diséersion tube. Bromine ia fe:d
drop'winé from the container {F) at the désired rate into the R.B. flask (D),
pre-heated by isomantle (E) to vaporise bromine. The flask is attached to the
reaction tube thi-ough'a ground glass joint. Vapours of bromine are led over
the charge by passing aréon through the inlet (G). The charge is heated by
introducing the reaction tube into a tubular furnace (H),_ the termperature being

;':ithin + 10°C by using a temperature controller and measured by a

chromel-alumel thermo-couple. The bromides distilied through the outiet (C),
and are led through water ¢condensers(l & I') before being finally collected in
the receiver(J), cooled by cold a,iv:r’g‘u A concentrated sulphuric acid bubbler(L)
acting a# a guard against any moisture getting into the system elther by
diffusion or back suction is connected to the second condenser(l').
2.2 Materials :

,  B.oron' pbwder {B.D. H.) used for bromination contained 85-86 percent
elerﬁentari,' borca. :‘-Mngnesium was the principal impurity. Besides this, it
'twntained ama.ll quantitiea of silicon, iron, calcium, aluminlum and manganese

(T&ble I) The puwder wab pelleted (~~10 mm dia and 11 mm thick) under a

| 'preuure of abcmt 10690 kg/cm

i Chi ‘mically pure bromine is distilled after dryii_ over concentrated

‘told water has to be strictly avolded ar any
he receiver containing boron tribromide may
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sulphuric acid. Commercial argon and nitrogen are dried over soda lime
and concentrated sulphuric acid. They were purified from nxygen by pasaing

over heated (600¥T) copper turnings.

3 Procedure

‘Boron pellets are kept over the bromine diszpersion tobe_and the
equipment is assembied ac shown in Fig.1. The s—stem was then flushed with
pure and dry argon, and the furnace as well as the isonoaxxtie switched ¢n.
The temperature of the furnace is maintained at about 400°C and that of the
iramantle at about 150°C., Any trace of moisture in the assembly is re-
moved by playing a hot flame. Temperature of the furnace is then gradually
increased and maintained at the dcsired value using a temperature con-
troller. Bromine from the reservoir is introduced at the required rate,
the rate being regulated by a stop-cock. Vapours of bromine are carried
by the argon which was passed at the rate of about 4% cc_,'min., the rate
being measured bya rotameter. Bromides formed distilled over and
collected in the recelver(J). On completion of the reaction, the system is
flushed to remove bromine by continoing argon at the sai e i:ernperal:ure for
about half an hour. Heating is then discontliued and the temperature allowed
to fall to aboot 'lOO“C in argon atmosphere. The product is then transferred
to ancther containei and sealed; |

A chirge of 75 grams of boron (pellet form) per batch is used
during the studies for determining the different para.meters. The ﬂow rate
of bromine ia esta.bliehed for each temperature by observation of the colour
of the product. A coloured product indica.ted tha!: all the bromine was not

being used up in the rea.otion a.nd therefore the ﬂ.ow rate Bhould be diminished.

The maximum ra.te of flow of bromine for a colourless - oduct 1s ta.ken FY)

the flow rate for that —tempera_hire.




.—5-

3. RESULTS AND DISCUSSIONS

3.1 Effect of formation temperature on purity of boron tribromide

Preliminary experiments indicated that boron tribromide ol:;tained
by'brominating boron at 850-900°C was not satisfactorily purs. Therefore
in order to find an optimum temperature from purity point of view, bro-
mination was cerried out at lower temperatures {400-800°C) and purity of
the product determine:'i. The distr’bution of metallic impurities in the
product obtained at different temperatures is shown in Table I. The bromide
cbtained between 400 to 6009C wis reasonably pure whereas beyond 600°C the
purity decreased gradually and at 850°C the product was found to contain
only 87.4 percent boron tribromide, the main impurities being magnesium
bromide and eilicon bromide. Magnesium bromide was due to the presence
of magnesium to the extent of 4,18 percent in the starting material, whercns
the bulk of silicen bromide came from the quartz reaction tube.

Asgsuming equilibrium conditions in the reactor, approximate ther-
modynamic calculations for estimating the completeness of the reaction of
bromine with various impurﬁies could give an explanation to these results.
The AF values for bromides have been taken from Wicks and Block(16)

' (Table m). Itis evident that excepting carbon all impurities in boron will
react to completeness at all temperatures between 400-800°C, However,
it;‘wa.s observed (Table 1) that'there was a marked trend in the pu.rity and
the prodt;ct obtained at lower temperatures was purer. Since this cannct
be predicted on the basis of the thermodynamic data; it is believed that the
»:tivation 'e_ner‘g‘.y of the reaction between bromine and the impurities 17!

’bé the cdﬁtzi"olifing fa.étor. _The present experimental set up also helpd ’



Table I

ANALYTICAL RESUL‘I‘S OF THE HYDROLYSED PRODUCT OF BBrj3 SAMPLES PREPARED AT VARIOUS TEMPERATURES

Impurities Si Mg Ca Al Fe Mn Cc Ti w Sn Pb Cu Cr Mo Co Ni
. in :
Boron metal 0.3 4.18 0,35 ¢.33 0.3 0.14 0.13 Not eatimated '
(%)
B Impurities in the )
". hydrolysed product Impuriy on H3;BO3 basgis
¢ 'No.  Reaction Si Mgk Ca A1 Fe Ma c Ti w Sn Pb Cu cr Mo  Co Ni
Temp. °C
o 850, 3.4% 7500 1900 3300 300 563 270 160 10 100 100 75 {10 1o 50
z soe 1.8* 4100 32v 780 25 200 240 150 /10 50 45 L1 {10 3 {5
'3 700 3400 2000 220 530 25 99 180 wo <10 100 {s &1e Qo s {5
L4 600 400 400 " 140 450 5 90 250 150 14 10 {5 Lo Lao 25 &
5 500 100 480 100 410 {5 110 100 e 1o 10 {s <o {10 25 {s
6 400 100 370 90 140 {s 125 50 sa o Lgo {s & Qe 25 {5

*Vé!ues on weight percentage bagis. All other values in ppm,

~g=



TABLE I

AF’]‘.? ‘VALUES OF BROMIDES (CAL. /MOLE)
Formation : M + Bry—3p» MBry

» C.a.Brz Ti.Br4 AlBra MgBTy SiBTyg . MnBEr, Fehirg BBry CBry
°K = B.P.:810°C B.F.:230°C B.P.:268°C B.P.:1227oC B.P.:153°C B.P.:1027°C B.P.:627°C B.P.:90.6°C B.P.:189.5°C

-298° - -157, 500 -142, 000 -123, 300 -120, 000 -89, 300 -85, 100 -60, 410 -57, 200 +5, 000

500° 150,350 »132, 000 -116,800 -111, 00C - =79, 000 -3%7, 000 -49,100 +15, 400
700° -143, 00Q - . -~102, 000 - -73,000 - -46, 300 +20, 700

i000° <133, 500 - - - 92,450 - -64, 000 - «42, 300 +29, 700

‘L-
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some extent in retaiﬁing the non-volztile bromides on the cooler portions.
it was observad that larpe amount of 4 white golid product was collected on

the cooler portion of the reactor and on the outlet tube for the bromides,

This was qualitatively analysed and found to be mainly magnesium bromide.

3.2 Rate of bromination of boron at different temperatures

During the studies on the bromination of boron at various tempe-
ratures (400 to 800°C), it was observed that the rate of formation of boron
tribromide (as geen irom the coiogrless 11quid being collected in the receiver]
was not constant throughout the experiment. On commencement of the
reaction the rate of forn;a.tion of the bromide was considérably low and it
gradually increaaeﬂ 5,5 the reaction nroceeded and was continuous only after
about four hours. This may be due to the fact that impurities like calcium,
aliminlum, iron and magnesium present in boron were being brominated

| preferentially in the initial stage. This view ls well subatantiated by the
thermodynacc data (Table 11),

Thei-efore in order that the rate studies be more meaningful, the
bromination at ea;:h temperature was carried out for eight hours. ' The rate
of bformation of the br::mide at _diﬁerentbtemperatures is given ir Table 111,
From the variation in the amount of the product obtained at ‘différent tema
peratures it is clear that th.e reaction rate incy eased,‘with incfeasing
temperature. ‘The amount of th: product qbthhed'at 400°C ﬁas 10 grams/
hour where as it was 73 grains/hour at 800°G, | If was not advisable to
carry out ;:he 'reaction beyond 800°C. aihc;e. as atated before, it was found
that the quartz reaction tube got gtt;cke‘d by»brdminé; This not only con-

taminated the product with silicon but also shortened the life of the reaction
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TABLE N1

TEMPERATURE DEPENDENCE OF THE RATE OF
BROMINATION REACTIONS

Boron charge = 75 grams
Packed density of boron = 0.51 gm/crn3_
Reactor diameter (I.D.) = 3.2 cm
Duration of experiment = 8 hours
Argon flow rate = 2.4 litres/hour
Ternperature Broraine Product BBr, content
o¢ flow rate obtained in the product
" grams/hour grams/hour %
1. 400 12 10 99.4
2, 500 25 22 99.0
3. 600 45 40 96.5
4, 700 70 63 95.4
5. 500 80 73 92.0

tube. Even at 800°C appreciable amount of silicon was found .n the product
(Table I). The yield of the product on the basis of bromine consumption

in the temperature range 400-800°C was between 83 to 88 percent.

3.3 Choice of temperature for the preparation of boron tribromide

While selecting the optimum temperature for the preparation of
boron tribromide on a large scale, the rate of formation and purity of the
bromide has to be taken into consideration. From this point of view 600
and 700° appear to be competitive, since the rate of formaﬁon and purity of
the product-at these temperatures were 40 grams /hour, 96.5%; 63 grama/
hour and 95. 4% respectively. Although the purity of the product obtained
at 600°C 1s slightly better, the yield at this temperature is c&uite low.

Therefore 700°C appears to be the optimum temperature for the large

scale preparation of boron tribromide where a greater yleld with product
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of comparative purity is obtained.

3.4 Preparation of boron tribromide on large scale

For the preparation of boron tribromide on kilogram scale, 400 grams
of boron in pellet form was taken for bromination at 700°C in a quartz tube of
%5 mm 1. D. The racked height of boron in the tube was 25 cm, and packed den-
sity was 0,64 grams/cm3. Bromine was passed at the rate of about 175 grams/
hour and the flow rate of carrier gas (argon) waz'; maintained at about 5 litren/
hour. The reaction was discontinued when the product was getting coloured with
free bromine, indicating that all the bromine was not being used up in the
reaction. The break through of bromine occured after 28 hours when 4.5 kilo-
grams of the product was obtained. Durirz this period 1. 6;3 litres of bromine
wap used up. The yleld of the product on the basis of bromine consumption

was 9] percent, whereas 55 percent of boron wae used up during the reaction.

Boron tribromide content in the product was found to be 96 percent.

3.5 Nltrogen as a carrier gas

From the literature survey on the preparation of bofon tribromide,
it 1s found that almost all the authors have invariably used helium or argon as
the carrier gas for bromine in the preparation of boron tribromide. In our
studies also, argon was used for this purpose. However, 1# view of the high
cost of argon and helium the possibility of using a theaper ambient like nitrﬁgen
was considered especially for the purpose of large scale preparation. Since
boron and other metals form nitrides at elevated temperatures, the formation

temperature of nitrides of boron and other impurities present in boron were

considered (Table IV).
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TABIE 1V

FORMATION OF NITRIDE BY THE REACTION
BETWEEN METAL -AND NITROGEN

Nitride Temp. of formation
BN > 1200°C
514Ny 1300°c
AIN 800°C
Mg 3N, 560°C
Ca3Np 500°C

1t is seen that some nitrogen will probably be used up in the formation
of nitrides of calcium, magnesium, aluminium etc. without affecting the
maln course of the reaction. The results of brominaticn experiments
carried out at 700°C (the optimum temperature for boron tribromide pre-
paration) in presence of nitrogen and argon are compared in Table V.
The re;ulta show that nitro.;:gen can be used in place of argon or helium

in this preparation

TABLE V

RESULTS OF BROMINATION OF BORON IN PRESENCE OF ARGON
AND NITROGEN

Boron charge = 75 grames
Packed density of boron = 0.51 gms/cm3
Reactor diametér (I.D.) = 32 mm.

Rate of flow of carrier gas 2.4 litres/hour

Parameters ’ Argon Nitrogen
Bromine flow rate 60 grams /hour 60 grams /hour
Time required for break-through 4
of bromine 14 hours 14 hours
BBxj obtained 810 grams 800 grams
Yield on the basis of bromine
consumption 91% 90%

Boron used up 55% 53%

BBr3 content in the product 95.4% 96 %
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PART II

4. PURIFICATION OF BORON TRIBROMIDE

Boron tribromide required —in semiconductor technology for doping
purpose~ should preferably be 99.99% pure(”). Its purification b).r fractional
distillation has been reported by several workers(w'zo' 6). Zone melting
technique using low temperature bath has also been tried but was found to be
unsuccessful(zn. Therefore fractional distillation is the best choice for the
purification of boron tribromide.

Medcalf(ls) reported the purification of boron tribrdmide in fused
silica distillation column having an efficiency equivalent to 30 plates and a re=-
flux ratio of the order of 15 During distillation dry purified helium or argon
gas was allowed to flow vthrough the distillation unit to ensure that no air was
pulled into the systemn during distillation. Powell et a1(19) purified technical
grade boron tribromide by fractlonal distillation on.a 55 theoretical plate
column packed with 'Fenske' helices. The bromide obtained was- aof .99, 5%
purity. Starks and Beﬁfond(zo) reported the purification of crude boron tri-
bromide by fractional distillation ifl a 150 cm long transparent fused quartz
column. A midimum of three di‘atlll'a.tions were used to produce boron tri-
bromide in which the only spectroscopically detectable impurity waé silicon
(1-5 .ppm). Ivanov et a1(6) cenducted fractiona._l distillation of boron tribromide
11‘1 an 'Oldershou’ sieve plate column of 32 mm diameter having 25 real plates.
Experiments ‘showed that in the first distillation sufficiently 'pulj-e .'bdron tri-
bromide, having silicon tetrabromide les'- than 0.01% was obtained; The

distillation was carried out uning_ s reﬂu:‘q‘ra'ti‘o wi,thin‘ the lim:lti-é «20.
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4.1 Calculation of distillation parameters

The horon tribromide cortent of the crude product used in the pre-
sent work was about 96 percent. The major impurity was silicon, most pro-
bébly as lﬂiﬁon tetrabromide although the'probabuity of othar bromides of
gilicon cannot be ruled out. In addition Fe, Al, Mg, Ca, S, Ti ete. were
also present as bromides or oxybromides. The physical properties of these
b:.:'Omides ire listed in Appendix A. For the calculation of experimental para-
meters such as nurnbe:l' of theoretical plates, reflux ratio etc., so as to design
& suitable rectification column, the removal of silicon tetrabromide, \.which
is a major impurity in crude boren trioromide has been taken into consideration.
SiBr4-BBrj syafem is also a good choice for such calculations because of the

high volatility of SiBr, and also because it is known to form an ideal solution

with boron tribromide(zz).

4,2 Number of theoretical plates and reflux ratio

The relative volatility,O(. for SiBr4-BBr3 systern was calculated

from the published vapour pressure data for the system(zz),
'

(x = PBBI'3
PSiBr4

The average.value. of oK, obtained by taking geometric mean from two
tei*minal values of K (i.e., those corresponding to the boiling points of the
cu!mpon,ents) was 5.5. The minimum number of theoretical plates, N min,

*f"eﬂulréd at total refiux were calculated from Fenske's équauon(23).

1ax

. x W

) 10g (spm ) ()

’ .“ ) Y ) - D w 3

.Nm‘n+l = o '
= - log Ky
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where Xy is mole fraction of the BBrj in the distillate, Xy is mole fraction
of the BBrj in the residue and X a. 18 average vaiue of relative volatility.
For calculation purposes the initial feed composition wis fixed at 95 mole
percent of BBr3 and all other concentrations were taken as mole percentageh.

The minimum reflux ratio, R 4, was calculated using the following equation(zé),

B 1 xp _ «(! - *D)
*min = Kav-1 (xw (1 - xw)

(25)

The operating reflux ratlo Ry was taken an %Rmin The number of

theoretical plates required at the operating reflux ratio was calculated from

N, -N Rg = Rouir
the graph of _."ﬂ._?m.i'.‘. versus _.;.z)....:__:_n.if_. where Ry and N, are the
o o

operating reflux ratio and theoretical plates respectively(Z(’), The required
number of theoretigal plates were computed b}; taking into cpnsideration the
plate efficiency as 70 percent. The results of the calculations showing the
required number of theoretical plates for varying residue compositions and
distillate purity at operating reflux ratio axe given in Table V1. Aasu.ming
that all the SiBr4 in the mixture will remain in the residue along with about
five percent of RBBr3, the conditions for distillation were fixed as, number of

theoretical plateg 25; and reflux ratio 10.

Load and column dimensions : The distilled product, (BBi3) usually gets
coloured on uto.rége and handling due to decomposition. Therefore it is not
considered advisable to store it in bulk quantity, In order to keep the aimtilled
-product colourleu it is preferable to distil the brumide. directly lnto the glase
ampoules of the required capacity (50 lto-75 gggma). Therefo;'e an hourly
distillate take off rate of 80-100 grarﬁs ‘of the bfémidg ""u‘vas dqnsidered

"practi'ca‘I. The load on the column (the ifﬁbﬁ:i_é of material that passes through




TABLE VI
THEORETICAI.‘- PLATES AND REFLUX RATIO REQUIREMENTS

Feed o '~ Residue Disti‘llate- Theoretical ~ Number of
composition composition purity % N min R min Ro plates at Ro .  actual plates
(BBr3) after distillation (BBr,) : _
' (BBr3)
959 10% 99.9 5.4 2.22 3.33° 10.8 1.
$%.99 6.7 2.22 3.33 13.4 18
39. 999 8.1 2.22 3.33 16.2 22
95% ' 5% 99.9 5.8 7.64 11.46 11.6 .16
99. 99 7.2 7.64 11.46 14.4 20
99.999 8.5 7.64 11.46 17.0 23
95% 1% 99.9 6.8 60 - 90 13.5 18
99. 99 8.1 60 90 16.2 . 22
99. 999 9.5 60 90 19.0 26

-SI-
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the column and conc’énses in unit time, i,e., the sum of distillate and réﬂu:g.
’mun be kept in the range o 900-1100 grams per hour at the Intended reflux
ratio of 10. In order to calculate the column diameter for the hitendéd ?.oad.'v
one must know_th'e Himiting velocity of the vapour in the colﬁmn. This velocityl

depends ﬁpon the packing to be employed. This was cnlcul.ated uaing tha

(27}, | |
C g .
M, - ’__ag.:__ | |

' . Q
where M; = Umiting velocity in meter/sec. Qg = -6%—= density of vapour/

density of llquid at operating pressure, C, = constant depending upon the {ype

aquation

of packing employed. dp, = diameter of the pncldﬁg unit in meters. g = accele~
ration dn;e to g‘ravity.('?. 81 m/sec?). The packing unita to be uscd in the dis=
tillation column were 4 mm x 4 mm transparent quartz ‘lRashigP rings having a
wall thickness of about 1 ~mu-n. The value for Cy was taken as 0. 01 (ref. 27).
The limiting velocity thus calculated was 0.34 m/sec. It is customary in
distillation experiments to load the column to about 50-70 percent of the cal«
e&llimit!ng veloeity, Tuerefore taking the va.pdur velpcity‘ as 0.20m/sec,
the cross-sectional area of the column was calchlatéd from the'equation(zs).

As ORVT

where A = cress-sectional area, V = amount of'vig“c';r_,@ in gm moles/hour. -
T = distillation temperature °K, u = selected v_b;pog%«if‘e;od;\,}r c;nl-aéc. The
cross-sectional area was found to be 2, 32'3' cm_z_f; The dﬁéﬁi}eter, of the coluinn

was therefore 17. 2. mm.
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In o;rder to obtain the height of the dlstillation column, the height
equivalent to a theoretical plate (HET P) for t.he: intended column packing is
needed. Since this data is not available in literature for the quartz 'Raschig’
rings, it wa.l gxperiment.auy determined using standard procedure(zg). The

HETP was found to be va8.0cm. Therefore the column height needed was

25x8 = 200 cms.

4.4 Apparatus and procedure
| The distillation assembly used is shown schematically in fig. 2. It
consists of a boller flask (A) (one litre capacity), djstillation column (B), a
swinging funnel type distillation head (C) and the recelver (D). The boller
flask is electrically heated by an isomantlé and the input heat to the boiler is
, controlled by a voltage regulator. The distillation column is of transparent
quartz (O.D., 18 mm) with standard joints and packed with 4 mm x 4 mm
transparent quartz'Raschig’ rings of about 1 mm wall thickness. The total
éacked height is 200 cms. The distiilation column is surrounde§ by an elec-
trical heat compensating jacket. A small ﬁ'on core sealed inside a glass tube
is attache& to the 'swinging funnel’ of the distillation head. An electromagnet
(E) attracts the funnel when actuated by an electronic timer thus allowing the
condensed liquid from the condenser to flow to the receiyer. The on and off
timings set ;';n tﬁe timer help to set and control the desired reflux ratio. The
: stopcock used in the distillation head has a teflon plug in order to avoid use
of any lubricanis. All staﬂdﬁrd johits in the distillation head and column are
""uled either dry or with teflon sleeves. The boiling point of the distillate is
| ‘.read wlth the f.hermometer (F) Dry nltrbgen gas is allowed to ﬂow through

Hiffthe dlutﬂlation unit to ensure that no air or molsture 1s pulled into the system
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_during the distillation. The commercial nitrogen gas is dried by bubbling it
through concentrated sulphuric acid and then passing it through packed colurnns
of silica gel and phosphorus (V) oxide.

For carryirg out distillation, all the apparatus in perfectly dry con-
dition, is assembled as shown in fig. 2 and dry nitrogen made to flow through
the apparatus. The boiler flask and the dis.tiilatmn column are heated to about
90°¢C by regulating the input voltage of the isomantle and heat compensating
jacket. The distillation head and receiver assembly are also heated occasionally
by_in open flame. After about three nours lof heating the apparatus is slowly
brought to room temperature while the nitrogen gas continues to flow through
the apparatus. The borow. tribromide c.ha.rge of abeut one kilogram I» trans-
ferred to the boiier flask and brought to bolling by ‘controlled heat input to the
isomantle. The heat supplied is gradunally increased such that flooding occurs
throughout the pécked length oi the column. This is done in order to ensure
that the packing in the column is uniformly wetted. The flooding condition is
maintained for 20-25 minutes and then gradually the input is decreased. At
this point i:he heat compensating jacket is switched on. The load is adjusted
to about 900-1100 gm/hr by the heat‘aupply to the boller flask. The distilla-
tion column is mainta%na;d at total reflux for about 3 hours fo attain equﬂibrium.
after which the re(:;uired reflux ratio is adjusted by means of the electrcnic
timer. The first fraction of the distilled product (~10%) consisting of some
free bi-c';mine, a highly coloured intermediate mixture of BBr3-Bry and low
bolling impurities is rejected. The middle fraction (~70-75%) ﬁs sither col-
lected in a round bottom receiver ﬂ.a.sl' or d:;.r.ectly in pyrex gla.qa‘:-.mpou,les
(50-75 grams) and sgaled. Tilae" last fra.f:tian (remaining in fhe bqller {;ask)

\
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which contains high boiling impurities and some boron tribromide is discarded.
4. 5. Analysis
The boron tribromide samplesa (~ 2 m]) are hydrolysed carefully with

“distilled 'de-ioniged water is a platinum dish. This aperation is carried out m
@ suitably covered enclosure inside the fumehood. The hydrolysed product is

slowly evaporated to remove excess of water. This is i-epe:;.ted 2-3 times with
adglitional quantity of water to obtain a residue free from HBr. The dry residue
mostly boric acid, is ahalysed spectrographically for metallic impurities.

5. RESULTS

The crude boron tribromide :lnvar_iably contains, in addition to small
amount of free bromine, impurities such as 81, Mg, Ca, Fe, Al, Ti etc., as
their bromides. Among these, silicon tetrabromide was present to the extent
of 3-5 percent; mainly due to the corroeion of reaction vessel. The spectro-
graphic analysis of samples obtained from pure fractions in four distillation
batches are given in Table VII. Sirce these analysis were carried out on the

béaia of boric acid obtained after hydrolysis of boron tribromidfa. the actual
4,.;,eve.1 of impuritiee in the purified bromide would be approximately one-fourth
‘,the tabulated vailue.—s since the mplec-ula.z; weight of boric acid {61. 83) is nearly
one-fourth of boron tribromide {250-54). Silicon which is the 1najor impurity
_ in the crude product has been reduced to < 10 ppm (average) after a single
- distillation. The traces of metallic ﬁnpurities such as Ca, Mg, Fe etc. found
in the boric acid ‘obtained by the hydrolysis of i:uriﬂed BBrj are attributed to
have t-:rept m_th#'oﬁgh water during the hydrolysis although distilled de-ionized
water was ﬁu‘eij fbr‘ this purpose. It is only'r.eaponable to assume that the level

" of ﬂiesd;hppﬁrﬁles in the purified proﬁuct will be much lower.



TABLE VI

SPECTROGRAPHIC ANALYSIS OF H3BO3 OBTAINED AFTER THE HYDROLYSIS OF BBr3*

Batch _Sample |
No. No. Pb Mn Cr Al Fe Ca Mg Si
1 } <5 L5 7 {10 10 25 14 <25
2 <5 <5 8 <10 £ 10 <25 13 25
I 1 <5 45 - <10 <10 <25 16 30
2 <5 &5 - <o 12 <25 17 35
oI 1 L2 45 £10 £10 15 £20 30 45
2 L2 <5 <10 <«lo £10 20 12 35
v 1 <5 <5 <10 <10 25 30 15 45
2 - £5 <5 Z10 12 25 30 17 35

* All values in PPM.

-oz-
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APPENDIX A

PHYSICAL DATA OF SOME OF THE IMPURITIES
EXPECTED IN CRUDE BORON TRIBROMIDE

Compound Polling point Melting point Density 25°
°c °c
1. §;Br, 57 -46 2. 629
2. COBr, 64.5 -80 2. 44
3. SOBrz 139.7 -50 2.68
4. SiBry 153,2 5.4 2.77
5. PBrj 172 -40.5 2.85
. GeBry 185.9 26,1 3.13
7. CBry 189.5 48, 9> -
, 90.18 ‘
8. POBr; 192 55.56 2.8
9. SnBry 203 32 3.35
10. AsBrj 221 32.8 3.54
1l. TiBr, 233 39 2.6
12. AlBr, 255-270 98 3,01
13. CaBr; 810 760 3. 35
14. CuBr, 1318 483 5.05
15. . MgBrp i227 695 3.72
16. MnBrj 1027 698 4.139
17. FeBr; 927 684 4.64
.18. FeBrj 627 227 -
-19. PbBrj 918 360 6.67




Fig.I. Experimental assembly,for' the ,prepdrdlion of Boron _tribromide.

A-Raaction tube; B-Bromine dispersion tube; C~Outlet for. bromide,
D-Bromine boiler;E. ~Isomantle; F-Broniine reservoir; G «Inlet forargon;
H-Furnace; | &'-Water condensers; J-BBr, receiver; K-Support for the

receiver, L=-Sulphuric acid bubbler.
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A - Boiler flask
B - Distillation column
C- Distillation head

D~ Receiver
E~ Elsctromagnet

F- Thermometer



