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This invention relates to a method and apparatus for 
producing phosphine from molten yellow phosphorus by 
electrolysis, - 

Numerous processes have been developed for the 
preparation of phosphine For example?phosphine has 
been prepared by the reaction of metallic phosphides and 
a phosphonium halide with water and by the hydrolysis 
of elementalphosphorus. These methods have been un 
satisfactory because of the high production costs and/or 
because the phosphine productis in an impure form. 
More recently processes and apparatus have been de 

veloped for the preparation of phosphine by the elec 
trolysis of phosphorus. Phosphine can be produced in 
high yield and purity by the electrolysis of phosphorus. 
However it has been observed thatunder certain condi 
tions with continued Operation of the Cell for extended 
periods?the yield of phosphine in the catholytegasgrad 
ually diminshes. Occasionally spongy deposits form on 
the surface of the cathode and the concentration of 
phosphine in the catholytegas appears to decreaseas the 
size of these spongy deposits increases. It is believed 
that the spongy deposits are formed by a deposit of 
metallicionsfrom eitherthe electrolyte orthephosphorus, 
at or near the cathode Profuse amounts of hydrogen 
bubbles are evolved from these deposits. While we do 
not wish to be limited by theory?it is believed that 
mono-atomic hydrogen forms at the cathode andis pre 
vented by these Spongy deposits from combining with 
phosphorus to yield phosphine and instead the mono 
atomic hydrogen combines with additional mono-atomic 
hydrogen to yield gaseous hydrogen As a result the 
hydrogen concentration in the catholyte gas increases 
and the phosphine concentration decreases. 

Itis an object of this invention to minimize or elimi 
natethe harmfulefects of Spongy deposits in electrolytic 
celis for the production of phosphine. 

It is a further object of the invention to provide an 
improved method for the reduction of phosphorus by 
electrolysis. 

Stilla further object of the inventionisto provide an 
improved electrolytic cell for the production of phos 
phine by electrolysis. 

Another object of the invention is to provide an im 
proved cathode structure foruse in electrolytic cells. 
These and further objects of the invention will be ap 

parent from the following detailed description. 
It has now been discovered that when a horizontal 

cathodeis contacted with the top portion of a horizontal 
porous diaphragm and with the bottom portion of a 
pool of molten yellow phosphorus in an electrolytic cell, 
the formation of spongy deposits at or nearthe cathode 
is decreased or eliminated during electrolysis and the 
eficiency of the cellin the production of phosphine is 
markedlyimproved, 
The accompanying drawingis a Schematic illustration 
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2 
ofthe novelelectrolytic cellwhich may beusedin carry 
ing out the process of the invention. 

Referringto the drawing thereis shown cell vessel10, 
having an anode section 11 and a cathode section 12, 
Separated by awal113. The bottom horizontalwall por 
tion 13a of wall 13is porous as discussed more fully 
below Agastight cover 14 having ports 15?16?17?18 
and I9?is secured to the top of cell vessel 10 Cathode 
section 12?which extends through port15 is provided 
With cathode 20, which is positionedin contact with the 
top of bottom horizontalwall portion13a Cathode elec 
trical connector 21?which may beinsulated with a suit 
able insulator 22 extends from cathode 20 through port 
23 in gastight cover24 of cathode section 12. 
When a liquid cathode is employed the liquid may be 

stored in cathode storage vessel 25, and fed through 
line 25 to the lower portion of cathode section 12. 
A pool of molten phosphorus 27?is positioned above 

cathode 20, up to interface 28 If desired circulation 
of the molten phosphorus may be efected by feeding 
molten phosphorus to the cathode section from phos 
phorus storage vesse129 through line 30 having valve 
31 The molten phosphorus may be removed from cath 
ode Section12 through line 32 having valve 33. Catho 
lyte 34 is added to catholyte section?12 by means of 
funnel35?which extends through port 16. 
Anolyte 36 is added to anolyte section 11 by means of 

funnel37,which extends through port17 up to anolyte 
level38. Port39?whichis positionedin the side of cell 
vessel H0 below anolyte level38 may be employed for 
removing anolyte if desired by opening valve 40?which 
communicates with port 39. Line 41, having valve 42 
communicates with cathode section 12 and extends 
through the side of cell vessel10. Catholyte 34?which 
has an upper level 43 may be removed from catholyte 
Section 12 by means of line.41 if desired Anode 44-is 
positioned adjacent to or below cathode section 12 and 
is connected by means of anode electrical connector45, 
which extends through port 18?to the positive pole of a 
Source of direct current46. Cathode electrical connector 
21is connected to the negative pole of a source of direct 
Current 46. 
When an electric currentisimpressed upon the system, 

phosphine-containinggas is generated in cathode section 
12 and is discharged through catholyte gas discharge 
line 47 whichis positionedin the upper portion of cath 
ode Section 12 Atthe sametime the anolytegas formed 
in the anode section 11 is discharged through anolyte 
gas discharge line 43, which extends through port 19. 

It will be recognized by those skilled in the art that 
the design of the electrolytic cell shown in the drawing 
may be modified without departing from the spirit of 
the invention For example the cathode is shown in 
the drawing as a liquid Such as mercury but a Solid 
Cathode may be used in place of the liquid cathode if 
desired. 

Cell vessel10 may be constructed of any impervious 
material of Suitable corrosion resistance such as glass, 
ceramics rubber lined Steel and the like. - 
Any material having a hydrogen overvoltage as nor 

mally measuredin the absence of phosphorus exceeding 
the hydrogen overvoltage of smooth platinum may be 
employedas the cathode Typical cathodic materialsin 
clude mercury bismuth alloys which are liquid under 
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the temperature conditions employed forexample attem 
peratures between about sixty and one hundred degrees 
centrigrade lead lead mercury amalgam tin cadmium, 
copper bismuth aluminum?Zinc braSS Silver nickel, 
gold and alloys thereof For example various tin-bis 
muth alloys nickel alloys with such metals as iron cop 
per chromium and the like may be employed Alloys of 
bismuth tin cadmium indium?which are liquid under 
the temperature conditions employed may also be uSed. 
Black phosphorus may also be employed as the cathode 
material. - - 

The shape ofthe cathode may bevariedifasolid cath 
ode is employed Whenthe cathode is a solid it must be 
so formed or shaped as to permit the gaseous productS 
of electrolysis in the cathode Section to rise through or 
around it and must maintain a close physical relation 

10 

15 

ship with the poroussupporting diaphragm soasto avoid 
an excessively thick electrically resistant layer of phoS 
phorus between the cathode and the diaphragm Metal 
fabricatedas wool shot crimped sheet porous Sheet, 
fabric screen and folded sheet orplate may be employed 
as a Solid cathode Itis necessary to Secure a porous 
diaphragmas bottom horizontal wall portion 13a to the 
botton of wall13to maintain the cathode separate from 
anode section 1i The porous diaphragm may be con 
structed of any suitable porous material such assintered 
glass porous alundum?ion-exchange membranes plas 
tic cloth and the like. 

Suitable anode materials include lead, lead-antimony 
alloys lead dioxide platinum graphite stainless Steel 
and the like. - 

Either basic or acidic aqueous Solutions may be em 
ployed as the anolyte and catholyte Typical examples 
of suitable compounds in aqueous Solution which may be 
employedastheelectrolyte (catholyte and/oranolyte)in 
clude phosphoric acid sulfuric acid hydrochloric acid, 
sodium chloride? Iithium chloride potassium chloride? 
sodium sulfate potassium sulfate monosodium phosphate, 
disodium phosphate acetic acid ammonium hydroxide 
and mixtures thereof The concentration of the com 
poundin the electrolyte maywary between about 0.1 per 

.cent and about seventy-five percent by weight of the 
electrolyte andispreferablybetweenaboutfive and about 
fifty percent byweight. ?? 
A heating means such as a constant temperature bath 

(not shown in the drawing)?is employed to maintain 
the temperature of the electrolyte between about forty 
four degrees centigrade and about the boiling point of 
the electrolyte and preferably between about sixty de 
grees centigrade and about one hundred degrees centi 
grade duringelectrolysis. 
Optimum current and current density depend upon the 

cell designemployed However any conditions of opera 
tion thatyield phosphine ata rate and of a purity consist 
entwitheconomic operations may be employed For ex 
ample a cathodic current density between about one and 
abouttwo hundred amperes per square foot and a Volt 
age drop across the systembetween abouttwo and about 
twenty-five volts will normally yield phosphine at a rate 
and of a purity which is economically feasible. 
When a solid cathode in particulate formis employed, 

some of the molten yellow phosphorus seeps below the 
particles of the cathode onto the top of the porous di 
aphragm. Molten phosphorus does not readily conduct 
electricity and thus when a thick layer of phosphorus 
is between the cathode and the porous diaphragm the ef 
ficiency of the cellis markedly reduced Therefore it 
is desirable to maintain the thickness ofthis layer ofphoS 
phorus?which may contain some metallic phosphides at 
less than about one-eighth of aninch and preferably less 
than about one-thiry-second of aninch Current can be 
passed through this lower phosphorus layerifthe thick 
nessis maintained within the above mentioned range. 
In anotherembodiment of thisinvention there is pro 

vided a novel cathode structure comprising a horizontal 
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metallic cathode and a housing therefor The underpor 
tion of Said cathode is adapted to bein communication 
with electrolyte and an electrolytic current passing there 
through The upper portion of said cathode is adapted 
to be covered by a liquid material reactive with a product 
of electrolysis And the cathode is adapted to permit 
passage of product ofelectrolysis from the under portion 
to the upper portion of Said cathode The housing for 
Said Cathode has a lower end adapted to receive or con? 
tain said cathode and bein communication-with electro 
lyte and an eiectrolytic current passing therethrough and 
hasitsupperendadapted tocollectand remove electrolyte 
and gaseous products of electrolysis andis adapted to re 
ceive electricalmeans connected with Said cathode. 

This cathode structure can beused especially in the 
electrolysis of molten phosphorus to produce phosphine? 
wherein the cathodestructureis placedin the upper part 
of a cell container and an anode is positioned in Said 
container and adapted to produce and separately recoVer 
a gaseous product of electrolysis This can be done in 
several ways The anode can bein the shape of an an 
nularring circumferentially outside a cathode Structure, 
where the cathode area is circular Where the cathode 
area is rectangular the anodes can bein the form of al?? 
ternate parallel rods or blocks. 

In the operation of the above described cell gas bub 
bles form at the lower portion of the cathode and rise 
through and/or around the cathode through the layer 
of molten phosphorus into the electrolyte and are dis 
charged through the catholyte discharge port Circula 
tion and agitation of the molten phosphorus and of the 
cathode when the cathode is a liquid by these gas bub 
bles causes the “sponge-forming" metallic compounds 
tobesuspendedinthe moltenphosphorus (and theliquid 
cathode ifone isused)?thereby inhibiting or minimiz 
ing the formation of spongy deposits on the surfaces of 
the cathode and thereby markedly extending the operat 
ingtime of the cel1 If desired when the concentration 
ofimpurities buildsup in the molten phosphorus it Can 
beremoved throughline 32 andreplacedwith fresh mol 
ten phosphorus through line 30. - 

Im another embodiment of the invention circulation 
and agitation ofthemoltenphosphorus (and liquid cath 
ode when one is used)?can be efected by gas bubbles 
as described above in combination with Circulation of the electrolyte up through the porous diaphragm This 
circulation and agitation can be efected in a cell of the 
following design: - ? 

Acell vessel similarto that shown in the drawing is 
provided with a cathode section similar to cathode sec 
tion 12in the drawing except that the cathode Sectionis 
closed at the top. A catholyte discharge tube is posi 
tioned vertically adjacent to the cathode section the top 
portion of the tube extending out of the cell vesseland 
being adapted to discharge catholytegas The bottom of 
the catholyte discharge tube communicates with a phos 

An upper conduit communicates 

catholyte discharge tube preferably sloping upwardly 
from the cathode section A lower conduit communi 
cates between the phosphorus storage vessel and the cath 
ode Section, connecting with the cathode Section below 
the upper conduit and above the phosphorus level in the 
cathode Section The lower conduit connects with the 
Storage vessel at a point about midway between the 

* upper and lower level of phosphorus in the phosphorus 
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storage vessel and slopes upwardly from the phosphorus 
Storagevessel. - 

The cathode Section is provided with a porous dia 
phragmat the bottom a horizontal cathodesuchas mer 
Cury above the diaphragm and a layer of molten phos 
phorus above the cathode An anodeispositioned below 
oradjacent to the diaphragmasin the drawing Electro 
1yte fills the anode section to a level substantially above 
the level of electrolyte in the cathode section andin the 
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catholytegas discharge tube An intermediate conduit 
communicates with the catholytegas discharge tube at a 
point below the electrolyte level and above the phos 
phorus levelin the phosphorus storage vessel The other 
end of the intermediate conduit communicates with a 
suitable pump such as a gas-lift pump which conveys 
electrolyte from the catholytegas discharge tube to the 
anolytesection? 

In the operation of a cell of the latter type afterthe 
cellis energized gas bubbles format the bottom of the 
cathode and riseup through the cathode and molten phoS 
phorus. In addition because the height ofthe electrolyte 
in the anode sectionisgreater than the height of theelec 
trolytein the cathode section electrolyteis forced by hy 
drostatic pressure up through the porous diaphragm, 
through the cathode and phosphorus The gas bubbles 
andelectrolyte efect circulation of the phosphorus (and 
Iiquid cathode?ifused). In addition the circulatingelec 
trolyte and gas bubbles carry droplets of molten phos 
phorus which contain Sponge forming impurities up to 
and through the upper conduitinto the catholytegas dis 
charge tube The gas bubbles separate and.rise up 
through the tube The phosphorus droplets settle to the 
oottom of the phosphorus storagevessel Sponge forming 
impurities in the phosphorus appearto collectin the bot 
tomand top of the phosphorus layer while the somewhat 
purified phosphorus flows by hydrostatic pressure through 
the lower conduit back to the cathode Section and drops 
through the electrolyte into the phosphorus layer of the 
cathode section Electrolyte in the catholyte gas dis 
charge tube is conveyed by hydrostatic pressurethrough 
the intermediate conduitto the pump where itis recircu 
Hated to the anolyte section Means may be provided at 
the top of the cell vessel for collecting the anolytegas, 
The following example is given to further illustrate 

the invention without any intention of being limited 
thereby. 

Example I 

An electrolytic cell was constructed as follows: an in 
werted Buchner funnel having its top cut of near the 
fritted glass disk was used as the cathode compartment. 
A1ayer of mercury wasintroducedinto the compartment 
through the inlet neck The area of the mercury was4.5 
rquare inches Aglass tube having therein a platinum 
cathode lead wire was inserted through the neck to con 
tact the pool of mercury The glass served to shield the 
wire from beingin contactwith the othermaterials in the 
compartment This funnelwas suspendedinside a large 
glass beaker The neck of the funnel had an outlet for 
removal ofgases and an electrolyte level equalizer outlet. 
An annularring of platinum wire anode was SuSpended 

near the level of the fritted glass and positioned so that 
the ring diameterwas entirely outside the outer edge of 
the funneltopermitseparate recovery ofevolved anode 
?aseous products Aglass tube having therein a platinum 
anode lead wire shielded the anode lead wire from the 
Cell liquids andgases. 

Instartingup the cell phosphoric acid offorty percent 
concentration was introducedinto the beaker and funnel 
to a level above that of the equalizer and maintained at 
atemperature of sixty-five degrees centigrade The cath 
ode compartment funnel was purged with nitrogen and 
enough commercial molten yellow phosphorus wasadded 
through theinletto coverthe mercury Surface. 
When a voltage of 7.0 volts wasimpressed across the 

electrodes, 5.0 amperes of current flowed giving a cath 
ode current density of about one hundred and sixty am 
peres per square foot Oxygen was generated at the plat 
inum wire anode and rose up externally to the funnel. 
Within the cathode compartment funnel?itwas observed 
that bubbles of phosphine and hydrogen were rising at 
the outer edge of and through the phosphorus layer The 
cathode gas recovered was analyzed with alkaline NaOBr 
Solution and contained sixty-five percent phosphine. 
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Example 
The procedure of Example 1 was repeated employing 

the apparatus of Example 1. After about thirty hours of 
operation thephosphine concentration in the cathode gas 
was abouteighty-three percent by volume After about 
seven days offurther operation (during which time the 
phosphine concentration was above eighty percent) the 
concentration decreased to aboutseventypercentand the 
current decreased from aboutfive amperes atsix volts to 
about oneampere at seven volts At this point 0.214 
gram of powdered cadmium was added to the mercury 
(which comprised about one hundred and ninety-three 
grams). Shortly thereafter the phosphine concentration 
increased to about eighty-one percent and the current re 
turned tofive amperes atsixvolts. 

Example 3 
A cell vessel similar to that of Example 1 was em 

ployed with the exception that the mercury cathode was 
replacedwith a coil of lead strip which waseightandone 
halfinches long by one inch wide by one-sixteenth of 
an inch thick and which had been ground flat on the 
bottom to obtain maximum contact between the bottom 
of the coil and the diaphragm Employing a current of 
about one ampere at about 5.5 volts at seventy-five de 
grees centigrade analyses Showed that the catholyte gas 
was about twenty-five percent phosphine by volume for 
about four days and reached concentrations as high as 
forty-twopercent during thattime. ? 
Furtherimprovementincelloperation can be obtained 

by incorporating metallic ions in the electrolyte as de 
Scribed in copending application SN 45,554?filed ofeven 
date herewith In this application there is disclosed the 
technique of incorporating metallicions of metals such 
as lead tin bismuth antimony cadmium zinc mercury, 
barium calcium silver cobalt and mixtures thereof in 
the electrolyte in a proportion between about 0.03 and 
about three percent byweight of the electrolyte whereby 
improved cell operationis obtained. 

It Will be obviousto those skilledin theart thatvarious 
modifications oftheinventionarepossible some ofwhich 
are referred to above Therefore?we do not wish to be 
limited exceptas defined bythe appended claims. 
We claim: 
1?A process for the production of phosphine in an 

electrolytic cellwhich comprises contactingan anode and 
a horizontal cathode with an aqueous electrolyte sepa 
rating Said anode and said cathode by means of a hori 
Zontal porous diaphragm contacting said cathode with 
Said diaphragm and with molten yellow phosphorus pass 
ing an electric current between said anode and said cath 
ode through Said electrolyte and recoveringa phosphine 
containinggasproducedatthe cathode. 
2 The process of claim 1 wherein said molten phos 

phorusis circulated by means ofgas bubbles formedin 
Said cathode duringelectrolysis, 
3?The process of claim 1 wherein said molten phos 

phorus is circulated and the electrolyte is forcea up 
through the diaphragm through the cathode into said 
molten phosphorus. 
4?The process of claim 1 wherein said cathode is a 

material having a hydrogen overvoltage as normally 
"easuredinthe absence ofphosphorus exceedingthe hy drogen overvoltage ofsmooth platinum. 
5?The process ofclaim 1 whereinsaidcathodeismer 

Cury. 
6?The process ofclaim 1 whereinsaidcathodeismer Cury-cadmium amalgam. 
7?The process of claim 1 whereinsaidcathodeis lead. 
8 The progess of claim 1 wherein saidelectrolyteis 

an aqueous Solution ofphosphoricacid. 
9 The process of claim 1 wherein said electrolyte is 

an aqueOuS Solution ofsulfuricacid. 
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