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PROCESS FOR PREPARING PHOSPHINE

This is a divisional application of application Ser. No.
188,604, filed Oct. 12, 1971, now U.S. Pat. No.
3,861,882, issued Jan. 21, 1975, which in turn is a
continuation of application Ser. No. 599,915, filed
Dec. 7, 1966, now abandoned. )

The present invention relates to a process for prepar-
ing phosphine and other phosphorus derivatives and to
a preferred method and apparatus for performing the
first stage in the said process which is a process for
preparing a reactive form of red phosphorus.

We have described in our British Pat. No. 990,918 a
process for preparing phosphine which comprises re-
acting phosphorus with a water/phosphorus pentoxide
system at elevated temperatures and substantially at-
mospheric pressure. In the above specification it was
noted that white phosphorus is converted, under those
conditions into red phosphorus in a highly reactive
form. The red phosphorus then reacts rapidly with the
water to form phosphine.

Red phosphorus is normally prepared by heating
white phosphorus in the absence of water and when so
prepared it is obtained in a coarse form which does not
readily undergo chemical reactions. White phosphorus
is prepared by condensing phosphorus vapour. It has
been reported (see Melville and Gray, Trans. Fara.
Soc. 32 P.271, 1936) that when phosphorus vapour
under reduced pressure is quenched rapidly from a
high temperature, red phosphorus is formed. Hitherto
this has been achieved only in the laboratory, by pass-
ing the vapour at a low pressure and a temperature of
about 800° C ovér a cooled surface. Such a method is
unsuitable for commercial operation.

It is known that, at very high temperatures, phospho-
rus vapour exists in the form of P, molecules, and that
when the vapour is cooled slowly these combine to
form a vapour containing P, molecules, which con-
denses to form white phosphorus.

We have now discovered that whenever a vapour
comprising P, molecules is condensed, the resulting
phosphorus comprises red phosphorus in a highly reac-
tive form, suitable for reacting with water to prepare
phosphine. We have further discovered that the con-
densation of phosphorus vapour containing P, mole-
cules by quenching in a cold liquid affords an improved
method for preparing the reactive red phosphorus on a
commercial scale and that the phosphorus so obtained
is in a more reactive form than that which may be
obtained by quenching phophorus vapour on a cooled
surface.

According to one aspect therefore, our inventin con-
sists in a process for preparing derivatives of phospho-
rus which comprises condensing a phosphorus vapour
containing P, molecules at a temperature below the
solidification point of red phosphorus, and reacting the
solid phosphorus so formed with a phosphorus-reactive
material. Preferably the phosphorus is reacted with a
water/phosphorus pentoxide system to form phosphine.

A second aspect of our invention provides a pre-
ferred method by which the condensation of the vapour
according to the first aspect may be performed. Ac-
cording to this second aspect, our invention provides a
method for preparing a reactive red phosphorus which
comprises quenching phosphorus vapour containing P,
molecules by direct contact with a liquid at a tempvura-
ture below the solidification point of red phosphorus.
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The dissociation of phophorus vapour into P, mole-
cules is dependent on temperature and pressure. At
atmospheric pressure the vapour begins to dissociate at
about 800° C and the proportion of P, increases with
the temperature, the vapour consisting of substantially
100% P, molecules at a temperature of about 1200° C.
At lower pressures the dissociation occurs at lower
temperatures.

In order to prepare red phosphorus it is necessary to
cool the P, containing vapour to the solidification tem-
perature of red phosphorus sufficiently quickly to pre-
vent a substantial number of P, molecules from recom-
bining. In the method described by Melville and Gray,
the vapour is condensed at low pressure on a cooled
surface, and under these conditions the phosphorus is
deposited on the surface iri the form of plates. We have
discovered that when the P, containing vapour is
quenched with a cold liquid it forms a fluffy area of red
phosphorus, which is more reactive than the plates
previously obtained. Moreover the condensation of
vapour at low pressure is an unsatisfactory method for
the preparation of reactive red phosphorus on a com-
mercial seals. We prefer to heat the vapour to a tem-
perature of at least 1200° C and then cool rapidly at
atmospheric pressure to a temperature below 450° C.

Preferably the phosphorus vapour is heated by an
electric arc and then rapidly quenched for example
with a large volume of cold inert liquid such as water.

A third aspect of our invention provides an apparatus
for preparing reactive red phosphorus which apparatus
comprises an arc chamber of a non metallic refractory
material, provided with an inlet and an outlet for phos-
phorus vapour, a pair of graphite electrodes for form-
ing an electric arc in the chamber, and means for
quenching the vapour at the outlet with cold water.

Preferably the arc chamber is lagged with a suitable
heat resistant insulant, e.g. silicate wool. Conveniently
the phosphorus vapour outlet may be in the base of the
chamber and be submerged or submersible in a tank of
cold water. The vapour inlet may be situated in the
upper part of the chamber. In one modification of the
apparatus the electrodes are arranged longitudinally
with respect to the arc chamber, the vapour inlet being
situated near one end and the outlet near the other end.
The electrode on the downstream side of the arc is
preferably protected by means of a refractory linear.
The electrodes and arc chamber may be vertically dis-
posed, the outlet being in the form of an annular open-
ing in the base of the arc chamber.

Means may be provided to collect and remove solid
red phosphorus at the vapour outlet. For example
where the outlet is submerged in a liquid-containing
tank, the tank may be provided with means for circulat-
ing a liquid therethrough. The liquid removed from the
tank contains the red phosphorus as a slurry. Filtration
means may be provided to recover the solid phospho-
rus, or else, where the liquid is water, the slurry may be
passed directly to a phosphine generator and heated
above 250° C in the presence of sufficient phosphorus
pentoxide or condensed phosphoric acids to maintain
the system in the liquid state at substantially atmos-
phoric pressure. Desirably the production of phosphine
occurs in the substantial absence of metal and it is
preferred, therefore, to construct the phosphine gener-
ator of a suitable non metallic substance such as graph-
ite or silica.

An apparatus for performing the method of our in-
vention will be described with reference to the accom-
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panying drawing which is a vertical cross section. The
apparatus comprises a cylindrical arc chamber 1 which
may be of stainless steel lined with a refractory material
2 and insulated on the inside with, for example, silicate
wool 3. The arc chamber is provided with an inlet 4 for
phosphorus vapour and an outlet 5 submerged at or
below the level of water 6 in an annular collecting tank
7. The top of the circular inner wall 8 of the collecting
tank 7 lies within the outlet 5. Carbon electrodes 9 and
10 are situated along the vertical axis of the arc cham-
ber 1. The upper electrode 9 enters the arc chamber
through an opening 11 in the top of the chamber, which
opening is sealed by a stuffing box 12. The lower elec-
trode 10 enters the arc chamber through the space in
the centre of the annular collecting tank, which is
sealed by the stuffing box 13. The lower part of the
electrode 10 is surrounded by a refractory liner 14. The
collecting tank 7 is provided with an overflow pipe 15.

Phosphorus vapour is admitted continuously to the
arc chamber through the inlet 4, and an arc is struck
between the electrodes 9 and 10. The heated vapour
passes through the submerged outlet 5 and is rapidly
quenched by the water in the collecting tank 7. Water
is continuously admitted to the collecting tank and a
slurry of red phosphorus and water is continuously
removed through the overflow pipe 15.

The phosphorus prepared according to our invention
is suitable for the preparation of phosphine by reaction
with a water/phosphorus pentoxide system to form
phosphine according to the first aspect of our inven-
tion. This reaction is more fully described in our said
British Pat. No. 990,918.

The phosphorus is also highly reactive with a variety
of other reagents. Red phosphorus prepared in accor-
dance with our invention may be reacted with halogons
such as chlorine, fluorine, bromine or iodine, with oxy-
gen or sulphur, or with metals such as zinc, sodium,
copper etc.

The invention will be illustrated by the following
Example.

20

25

30

35

40

45

50

55

60

65

4

Phosphorus vapour at a temperature of 350° C was
passed into the apparatus described with reference to
the drawing at a rate of 3.5g. per minute. An arc was
struck between the 6 mms. diameter graphite elec-
trodes taking 30 amps direct current at 30 volts. Water
was added to the collecting tank at such a rate as to
maintain the temperature of the red phosphorus-water
sturry at 60° C. The process was operated continuously
for 7 hours after which time the collected slurry con-
tained 1400 grams of condensed phosphorus compris-
ing 85% red phosphorus and 15% extractable phospho-
rus.

100 grams of the phosphorus were heated with a 2
inches deep layer of phosphoric acid in a 11 cms. diam-
eter graphite vessel. Steam was added to the vessel to
maintain a reaction temperature of 275°-285° C. 49.2
liters of gaseous reaction product were evolved in a
total reaction time of 230 minutes, and contained 90
volume percent phosphine.

What we claim is:

1. A method for preparing phosphine which com-
prises quenching a vapor comprising P, molecules with
a liquid at a temperature below the solidification point
of red phosphorus, the reacting the thus formed red
phosphorus at a temperature in excess of 250° C with
water in the presence of sufficient phosphorus pentox-
ide to maintain the system in the liquid state at atmo-
spheric pressure.

2. The method of claim 1 wherein the red phosphorus
is reacted with water in the presence of phosphoric
acid.

3. A method as set forth by claim 2 wherein said red
phosphorous is reacted with water in the substantial
absence of a metal.

4. The method of claim 1 wherein the vapor is at a
temperature above 800° C and substantially atmo-
spheric pressure.

5. Method according to claim 4 wherein the tempera-
ture of the vapor is at least 1200° C.

6. Method according to claim 5 wherein the vapor is

heated by an electric arc.
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