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The-present invention relates to a- new and 
useful improvement in the process’ of producing 
electrolytic iron, directly from the natural‘ ores of 
iron, in the form of a continuous strip which is 
continuously removed from the cathode by 
mechanical'means; 
By this process, iron is taken into solution from 

sulphide ores of iron, and is discharged from the 
operation in the-form of a continuous strip of 
pure' ductile iron that may be wound into coils 
for shipment. There‘isno intermediate operation 
upon the solid ore or upon the solid iron, but only 
mechanical handling of solutions, from the time 
when the ore is fed to the solution tanks until the 
metallic iron is removed as a continuous strip or 
sheet. The process of the invention enables one 
to operate with a small consumption of electric 
energy, with very little energy in, the form of 
heat, and with only small mechanical and 
chemical replacements. 

It is old in this art to produce strips of iron 
from soluble anodes composed of free metallic 
iron. But we believe we are the‘ ?rst to. produce 

" continuous strips of‘ iron direct from the sulphide 
ores of ‘iron. 
The‘ process of the invention includes the 

preliminary provision of a ferrous iron solution 
containing a freely sol'uble'ferrous salt (such as 
ferrous chloride or ferrous sulphate) followed by 
the electrolytic deposition of metallic iron‘ from 
the ferrous salt solution upon a» continuous 
cathode: surface; in the‘ formi of a1 continuous, 
integrated sheet or strip of ?exible metalliciron, 
which is maintained separable from the cathode 
surface, and separating (preferably uniformly‘ and 

, continuously) the continuous iron strip from‘ the 
catho'desurface: The‘ process also includes 'simuli 
taneously- withdrawing the anolyte from the'elec 
trolyte adjacent to the anode, which constitutes 
an aqueous solution of ferric salt, (for example, 
preferably at least 4Ov grams per lite'r‘but not over 
100’ grams of iron, per liter, as the chloride)c'on— 
tactin'g'fresh quantities'of iron sulphide‘ ore there 
with, to reduce the solution to the ferrous condi 
tion, generating hydrogen sulphide therein, there' 
by'precipitating insoluble sulphides, degasifying 
the solution, and cycling the resulting puri?ed 
ferrous ironsolution to-the catholyte, preferably 
adjacentv to-the cathode surface‘, for continued 
el‘ectro-deposition of the metallic iron- strip; 
A typical and representativeexampleof the‘ in 

vention will be described, with’ reference‘ to" suit‘ 
able‘ apparatus for its industrial application, as 
illustrated‘ in‘ the'ac'companying' drawings, in 
which: I ' 
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Fig. l is a diagrammatic elevation and cross 

sectional view of the complete apparatus for car 
rying out the process of the invention; 
Fig. 2 is an enlarged, longitudinal cross-sec 

tional view of the anode and its appurtenant 
arrangements; ~ 

Fig. 3 is a cross-section, in elevation, of a 
modi?ed form of the‘ electrolytic cell or tank, 
which may be used in conjunction with the ap 
paratus shown in Fig. 1;‘ 

Fig. 4- is a plan view of the tank shownv in Fig. 
3; and. 

Fig. 5 is anisometric- projection of a corner 
of the tank shown in Fig. 3 to’ illustrate the 
mounting of the porous anode bars therein. 
In the apparatus shown in Fig. 1, an elec 

trolytic cell or tank I1 is provided withv a pair. of 
graphite‘ anodes 2 and a cathode 3, which is. in 
the form of a cylinder which canbe slowly r0, 
tated in the direction as indicated by the‘arrow, 
by means, of any suitable mechanism for this 
purpose. (not, shown) about its longitudinal axis 
ll; Diaphragms in the form of suitable chemical 
1y‘ resistant screening 5 and cloth bags 6 (seeFig. 
2). surround each of the anodes,. and enclose 
chunks of. graphite 7' (preferably coarse, about 
1%. inch. inv diameter)v which are interposed be‘ 
tween the‘bag and the anode, on thatside of 
each anode which‘ is disposed towardthe cathode. 
Pipes 8, are-provided which lead down into each 
of. the-i-anode‘bags to a‘point-near the lower end 
of .the anode for withdrawing the anolytefrom 
the vicinity of the anode surface and of the 
chunks-of graphitewithin the bag. The pipes 
8 syphon theanolyte to a storage tank. 9. The 
anolyte is conducted to a solution tank In, as 
required,.which isprovided with a stirrer II- and 
a supply means‘ I2 for delivering, ?nely ground 
ore- thereto. (In this tank both leaching and 
puri?cation» of metallic ions are accomplished.) 
The solution tank Iii is followed vby a pump. l3 
through ?lter Ill to a degasi?cation tank [5, 
in. which the leach liquor. from tank I!) is de 
gasifled‘. and from which the puri?ed solution 
may. be, withdrawn by pump I 6, and‘ delivered 
through the'?lter‘ l1, and thence‘ to the head tank 
i?'from which it is led, through the‘ constant 
level device 89, such as a ?oat valve'into the 
electrolytic cell or tank I. 20 is a recti?er for 
supplying’ direct current to the cathode’ and 
‘anodes ofithe cell; 
Using the-apparatus shown in Fig. 1,‘ a con 

tinuousrstrip of so'ftiductile electrolytic iron-‘was 
producedi direct? from pyrrhotite one which’ had 
a. composition of 55.5% Fe, 36.1% S, 0A3 '73: Cu, 



1. placed between it and the anode bar, on 

then enclosed in 

“the spool 25, upon which 
. wound into a coil as formed, in a continuous thin 

"strip or sheet. 
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and about 8% of gangue material, as silica, lime 
and magnesia. 
The cathode 3 consisted of a wheel made of 

steel having a face 7.0 inches wide and a diameter 
of 24 inches. The inside surfaces of the wheel 
and its spokes and axle were coated with chem 
ically resistant cement to prevent corrosion and 
‘to make the surfaces, other than the face of the 
wheel, electrically non-conductive and thus pre 
vent the deposition of iron thereon. The active 
surface of the periphery of the wheel, or cathode, 
was lightly but uniformly coated with a col 
loidal solution or suspension of graphite. The 
edges of the cathode surface were painted with 
an acid-resistant varnish to prevent edge de 
posits. 
Each of the anodes consisted of a bar of solid 

graphite measuring 40.5 inches long, 7 inches 
wide and 1.1 inches thick. These bars were in 
clined at an angle of 45?, positioned on opposite 
sides of, parallel to and beneath the cathode 
surface which was mounted with its axis hori 
zontal, as shown in Fig. 1. Each of the anode 
bars was surrounded with a bag or envelope 
which was made of vinylidene chloride insect 
screening 5 of su?icient size to allow one layer 
of the pieces of the crushed graphite ‘I to be 

the side 
of the anode bar next to the cathode. In this 
instance, pieces of the crushed graphite were not 
used on the side of the bar away from the 
cathode. The anode, as thus assembled, was 

a diaphragm bag 6, made of 
vinylidene chloride. , 
The cathode had a smooth steel surface which 

was initially coated with a thin ?lm of a colloidal 
‘dispersion of graphite by wiping it on with a cloth. 
(It may be similarly applied automatically as by 
a wick or sponge 2| and gravity fed from a 
reservoir 22.) ' 
The cathode drum was rotated at a speed of one 

turn in 2.56 hours. It was turned by an electric 
motor of 1/.;,'horsepower, operated at a speed of 
1750 R. P. M. which was connected by a 3:1 belt 
reduction to two 300 to 1 gear trains, connected in 
series and then directly coupled to the axis of 
the cathode. This gave a peripheral speed at the 
surface of the cathode which was slightly in ex 
cess of one-half inch per minute. 

Direct current was ?rst applied through the 
‘recti?er 20, so as to make the drum the cathode, 
and the carbons the anode, and to provide a cur 
rent density of 86 amperes per square foot of the 
wetted cathode surface resulting in a potential 
drop across the cell of about 4 volts. 

’ The electric current was applied for about one 
hour, keeping the cathode stationary; then, when 
a suitably continuous and integral layer of iron 
had been built up-and of a sufficient thickness 
and strength to permit removal-the cathode 
drum 3 was started to rotate, in the direction of 
the arrow as shown in Fig. 1. The advancing 
edge ofthe deposited metal 23 was separated from 
the cathode drum, as it emerged from the elec 
trolyte and led slowly over the guide roll 24 to 

it was taken up. and 

The free surface of the cathode drum, above 
the solution, was continuously prepared to re 
,ceiver a fresh deposition of electrolytic iron, by 
coating with a suitable amount of colloidal 
vgraphite, throughout the operation of the cell. 
This was applied, as initially, by wiping with a 
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cloth. The acid-resistant varnish on the edge 
was also renewed after stripping. 
The electroplyte, provided from the supply 

tank l8 to maintain ‘a constant level in the cell 
l, contained I29 grams per liter of ferrous iron, 
as ferrous chloride, with only a trace of ferric 
iron, and had a pH value of 1.43 as fed into the 
catholyte. 
The anolyte was withdrawn from the interior 

of the anode bags adjacent to the surfaces of the 
anodes and graphite chunks therein, near the 
bottom, through pipes 8, at the rate of 1'70 c. 0. 
per minute. As thus withdrawn, the anolyte had 
a composition of 145 grams per liter of ferrous 
iron as ferrous chloride and 28 grams of ferric 
iron per liter as ferric chloride. This high con 
centration was consistently found to exist and 
was ascribed to evaporation from the rather great 
surface of the electrolyte, at the very high tem 
perature of operation. 
The temperature of the cell at the commence 

ment of operations as above described, was 90° C. 
When the rotation of the cathode was com 

menced (i e., about an‘hour after preliminary de 
position had been effected with the cathode sta 
tionary), the current was 145 amperes and the 
temperature was still 90° C. After 2% hours of 
operation, the temperature of the electrolyte had 
risen to 94° C. The current was then 148 amperes 
and the voltage drop between the anodes and 
cathode 4.05 volts. At the end of 7 hours the cur 
rent was still 148 amperes and the voltage drop 
between the anodes and cathode was 3.8 volts, 
while the temperature was 96° C. 
The run was discontinued (although in full suc 

cessful and satisfactory operation) after 8.75 
hours of continuous operation, in which a con 
tinuous, integral uniform strip of electrolytic 
sheet iron was produced. 

Since the cathode was stationary for the ?rst 
hour, it turned for only 7.75 hours. In this period 
of rotation the cathode turned 3.03 revolutions 
and produced 19.0 lineal feet of strip. Three feet 
were clipped from the lead end of the strip and 
one foot was cut from the tail end. This left a 
continuous piece 15 feet long. The thickness of 
the strip was .0034 inch. The metal was smooth, 
dense and ductile. A sample clipped from this 
sheet could be bent around a six penny nail, 
without breaking. Such a nail measures .115 
inch in diameter. 
During the electrolysis, the anolyte, as with 

drawn continuously through pipes 8, was allowed 
to accumulate in the tank 9, and after the elec 
trolytic deposition of iron therefrom was stopped, 
this withdrawal of the anolyte was continued, 
until substantially all of the ferric iron had been 
removed from the cell i. The amount of anolyte 
thus collected was 32.5 gallons. 

This anolyte was fed into the solution tank 
10 which measured 3 feet in diameter and 4 feet 
deep. It was in all respects satisfactory to use as 
a leaching solution, per se, but in the instant-case 
the tank 10 was filled to the 150 gallon level with 
this solution plus similar anolyte solutions ob 
tained from other operations, and heated to 105° 
C., with live stream. It may be noted that the 
anolyte produced from these other operations was 
higher in ferric ion concentration, since both 
sides of the anodes were in use as compared with 
one side in the instant case. Pyrrhotite ore, to 
the extent of 51.8 pounds, moist weight (13% 
moisture) was added. This was su?icient to 
reduce the 150 gallons of ferric solution complete 
ly to ferrous solution. A sumcient concentration 
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of hydrogen: ion was. present so that after com 
pletelreduction of theferric chloride, some of the 

= pyrrhotitewas reacted uponv by the free acid, to 
liberate hydrogen‘ sulphide, in an amount su?i 
cient to; precipitate the copper-group metals 
‘present, as their corresponding insoluble sul 
phides; >- - 

The leaching action and, metal-ion purmca 
tionLas thus conducted, were thus carried out 
in‘: the tank. In as‘ a combinedoperation. The 
.150 gallons. of solution were then pumped. via 
pump‘ l3 through ?lter l4 into tank I5 and 
aerated. therein, until all traces of gaseous hy 
drogen sulphide had been expelled. A little 
activated. charcoal was added in this step to 
facilitate degasifying. When this operation had 
been completed, the solution was returned to 
storage tank~ l8. via ?lter I‘! by pump Hi. 

It. was desirable, if not necessary, to keep the 
anode on- the side of the cathode drum which 
was entering the electrolyte, as close as prac 
ticable-to the cathode surface of ‘the drum. The 
angle: of the anodes was changed and adjusted 
to accomplish this. Otherwise at the entrant 
portion of the cathode surface, where the for- . \ 
mation of the deposit of electrolytic iron begins, 
a troublesome spraying of the electrolyte occurs 
and a poor deposit'of» iron results. 
The edges or‘ the drum cathode must be suit 

ably protected by non-conductive material to ,, 
avoid. the formation of' trees. This may be done 
by painting the edges with a coating. of rubber, 
or by applying edge. pieces of wood or acid re~ 
sistant resinous materials, as well as with var~ 
nishj as above mentioned, or like treatment. 
The anodes should preferably be slightly nar 

rower‘ than the surface of the drum cathode to 
which they are opposed, to avoid‘treeing and 
overlapping of the deposit. , 
The thickness of the strip of electrolytic iron 

which is to be deposited may be controlled by 
varying the current density‘ or by varying the 
rate of rotation of the drum cathode, or both. 
But it. must be so regulated and controlled 
(preferably continuously and uniformly) that 
the deposited metal shall form a continuous, in 
tegral metallic sheet of predetermined and con 
stant dimensions and properties 
An improved form of the apparatus is shown 

in Figs. 3 to 5, which is characterized by making 
the anode conform to the shape of the cathode 
and by a provision for separating the catholytev 
from the anolyte by a pervious anode (instead 
of a diaphragm) through which the catholyte 
may pass continuously, thereupon to constitute 
the anolyte, which may thus be segregated and 
withdrawn as above described. As previously, 
however, it may be expedient to have the anode 
surface slightly narrower'than the cathode sur 
face to avoid treeing of the deposited metal over 
the margins of the cathode surface. 
Referring to Fig. 3, the electrolytic cell may 

comprise a, tank 26, which is provided with end 
walls 21, each having a member 28 presenting 
an upwardly disposed semi-circular surface 29 
and a semi-circular channel 30, in the inner 
margin thereof. The anode 3| as a whole is 
made up of rectangular strips of pervious car 
bon or graphite 32, 32 the ends of which rest 
upon the semi-circular channel 30, and the inner 
surfaces of which constitute a substantially uni 
form cylindrical surface, flush with the semi 
cylindrical surfaces 29. The abutting margins 
and ends of the anode strips 32, 32, may be 
joined together and made liquid-tight by means 
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of an electrically conductive cement at the joints 
33, 33, etc. Alternatively, if desired, the semi 
permeable or pervious anode strips 32, 32, may 
be machined to form a truly cylindrical surface 
and to form water-tight joints, each to each 
and at the ends, without the use of cement. 
But this is not necessary for ordinary purposes 
of construction and operation. 
The end or uppermost anode strips may ad 

vantageously extend above the surface of the 
electrolyte or catholyte 34. Metallic contacts 

are fastened to the anode, I to connectwith 
the lead wires from the recti?er 20. 
The cathode 36 is cylindrical, as in Fig. l, 

and mounted for rotation about its horizontal 
axis mounted at 37, preferably concentric to the 
inner cylindrical surface of the anode 3| and 
with the cathode surface evenly spaced there 
from. The cathode is rotated by any convenient 
mechanism, such as the pulley 38 and belt 39. 
in the direction of the arrow, and slowly" but 
preferably uniformly, at least after the initial 
deposition of an integral sheet of iron thereon. 
The deposited metallic sheet of iron dillis grad 
ually advanced, by rotation of the cathode, in 
the direction of the arrow and thence separated 
and carried over a guide roll 4| and thence 
under a guide roll 42, submerged in wash water 
bath- 43 in the tank 44, and thence to the take 
up roll 45. ' 

In operation, the tank 26 may therefore re 
place tank l, of the apparatus shown in Fig. 1, 
suitable connection being made from the elec 
trolyte supply reservoir l8 through ?oat valve |9 
or like control means, into the catholyte com 
partment'd? adjacent to the cathode 36, and 
within the semi-cylindrical annular chamber 
formed between it and the upper semi-cylindri 
cal surface of the anode 3|. The outer or'anolyte 
compartment 41, between the outer cylindrical 
surface 48 of the anode 3| and the inner walls 
and bottom of the tank 26, is connected to outlet 
pipes 8 (as in Fig. 1) leading by gravity to the 
anolyte storage reservoir 9, or directly to the 

- leaching tank H]. 

The operation of the process with the appa 
ratus as thus provided and arranged is substan 
tially as described above with reference to. the 
apparatus illustrated in Figs. 1 and 2. They level 
of the catholyte 35' is maintained positively above 
the level of the anolyte 41. 
We claim: 
1. Method of converting sulphide ores of iron 

into a continuous strip of metallic iron, which 
comprises the steps of providing an electrolytic 
cell comprising a cylindrical cathode having a 
substantially continuous electrically conductive 
cathode surface formed of particles of colloidal 
graphite, an insoluble anode enclosed in a porous 
diaphragm and an electrolyte therein comprising 
a catholyte containing a ferrous salt, substan 
tially free from ferric salts, and an anolyte, con 
taining a ferric salt, the anode being in opposed 
relation to the submerged portion of the cathode 
in the electrolyte bath, setting up an electric 
potential between 'the cathode and the anode, 
thereby to effect a preliminary deposit of elec 
trolytic iron upon the cathode surface, then ro 
tating the cathode surface continuously into, 
through and out of the catholyte, to thereby 
effect electrodeposition of ductile metallic iron 
upon the cathode surface in the form of a con 
tinuous integral strip, simultaneously Withdraw 
ing the anolyte from within the diaphragm ad 
jacent the anode, contacting the anolyte with 
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the sulphide ore of iron, thereby to reduce the 
anolyte to the ferrous condition and replenish 
the ferrous iron content and cycling the resulting 
solution into the catholyte, continuously separat 
ing the metallic iron from the cathode, as a 
continuous strip and continuously applying a 
coating of colloidal graphite to the cylindrical 
cathode surface as the same is exposed out of 

the bath. 
2. Method of converting sulphide ores of iron 

into a continuous strip of metallic iron,,which 
comprises the steps of providing an electrolytic 
cell comprising a cylindrical cathode having a 
substantially continuous electrically conductive 
cathode surface formed of particles of colloidal 
graphite, an insoluble anode enclosed in a porous 
diaphragm and an electrolyte therein comprising 
a catholyte containing ferrous chloride, substan 
tially free from ferric chloride, and an anolyte, 
containing ferric chloride, the anode being in 
opposed relation to the submerged portion of 
the cathode in the electrolyte bath, setting up 
an electric potential between the cathode and 
the anode, thereby to effect a preliminary deposit 
of electrolytic iron upon the cathode surface, 
then rotating the cathode surface continuously 
into, through and out of the catholyte, thereby 
to effect electrodeposition of ductile metallic 
iron upon the cathode surface in the form of a 
continuous integral strip, simultaneously with 
drawing the anolyte from within the diaphragm 
adjacent the anode, contacting the anolyte with 
the sulphide ore of iron, thereby to reouce the 
anolyte to the ferrous condition and replenish 
the ferrous iron content and cycling the result; 
ing solution into the catholyte, continuously sep 
arating the metallic iron from the cathode, as 
a continuous‘ strip and continuously applying a 
coating of colloidal graphite to the cylindrical 
cathode surface as the same is exposed out of 
the bath. 

3. Method of converting sulphide ores of iron 
into a continuous strip of metallic iron, which 
comprises the steps of providing an electrolytic 
cell comprising a cylindrical cathode having a 
substantially continuous electrically conductive 
cathode surface formed of particles of colloidal 
graphite, an insoluble anode enclosed in a porous 
diaphragm and an electrolyte therein comprising 
a catholyte containing ferrous chloride, sub 
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stantially free from ferric chloride, and an 
anolyte, containing ferric chloride, the anode 
being in opposed relation to the submerged por 
tion of the cathode in the electrolyte bath, set 
ting up an electric potential between the cathode 
and the anode, thereby to effect a preliminary 
deposit of electrolytic iron upon the cathode sur 
face, then rotating the cathode surface con 
tinuously into, through and out of the catholyte, 
thereby to effect electrodeposition of ductile 
metallic iron upon the cathode surface in the 
form of a continuous integral strip, while keep 
ing the anode surface as close as practicable to 
the opposed portion of the cathode surface en 
tering the electrolyte, simultaneously withdraw 
ing the anolyte from within the diaphragm ad 
jacent the anode, contacting the anolyte with 
the sulphide ore of iron, thereby to reduce the 
anolyte to the ferrous condition and replenish 
the ferrous iron content and cycling the result 
ing solution into the catholyte, continuously sep 
arating the metallic iron from the cathode, as 
a continuous strip and continuously applying a 
coating of colloidal graphite to the cylindrical 
cathode surface as the same is exposed out of 
the bath. 

ERICH H. KONRAD. 
WILLIAM E. C. EUSTIS. 
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