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PRO CESS FOR PROBJCENG RERTTLE HERON 
PLA.E. 

Haroii; W. Trask, Cooley, Minn, assignor to Be 
Metas (CGRap2:57, St. Fatal, Illinn., a corporation 
of his 

Apriigation April 6, 1946, Seria No. 660,039 
(CE. 204-8) 3 Caiis, 

This invention relates to the production by 
electrolysis of readily grindable iron of Such com 
position that it is particularly adapted for use, 
after Crushing and annealing, in cold die press 
ing operations where Substantially pure iron in 
the form of particles having Substantially equi 
axial structure is required. The present inven 
tion is an improvement on the process described 
and claimed in my application Serial No. 611,947, 
filed August 22, 1945. The present application is 
a continuation-in-part of Said application. 

It is an object of my invention to provide a 
novel and economical process for producing ain 
iron deposit which is characterized by the pres 
ence of a sufficient quantity of the oxide and 
hydroxide of iron to render the product readily 
grindable to particles of sizes suitable for use in 
iron powder metallurgy and from which the hard 
ening constituents rinay be removed by simple an 
nealing treatment. 
A further object is to provide an improved 

process for producing brittle iron plate of the 
character described by electrolysis of relatively 
inpure, Soft iron plates in Such ranner that 
economies are effected by reason of the low capi. 
tal investment required in plant and equipment, 
ease of control in the commercial production of 
a uniform product and low power consumption 
per pound of iron produced. 
A particular object is to reduce the cost of 

producing Such iron by employing a series ar 
rangement of iron plate electrodes in the elec 
trolyte whereby each plate constitutes a Soubie 
anode at one face and progressively receives a 
cathode decoSit on its opposite face until Sub 
stantially the entire plate is converted into the 
required dull, porous iron, thus obviating the need 
for Cathode starting plates. 
With these objects in view, immerse a naulti 

plicity of iron plate electrodes in an electrolyte 
comprising a dilute Solution of ferrous chioride 
Such as that described and claimed in my appli 
cation Serial No. 61,947 and gass a direct cur 
rent of Suitably low density through the elec 
trCdes and Solution in Series So that each of the 
electrodes constitutes a Soluble anode at one face 
and receives a porcs, brittle cathode deposit on 
its opposite face. The electrolysis is continued 
until the original electrodes of inpure iron have 
been dissolved substantially in their entirety and 
electrodeposited as relatively pure, britte, po 
rous iron plates. 
My improved iron is sufficiently brittle as de 

posited at the cathode electrodes to permit eco 
nomical crushing and contains iron OXides and 
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iron hydroxides together with a small amount of 
chlorine totaling approximately 3% to 5% of the 
deposit. This product has a dark gray color and 
is herein called “dull iron plate.' Other physical 
characteristics of my duil iron plate are its hard 
reSS, diamond Scale, ranging from about 400 to 
520, and its porosity which gives it a specific graV 
ity ranging from approximately 6.3 to 7.25. By 
crushing or girinding it may be reduced to par 
ticles of the desired size (usually minus 100 mesh) 
and of equiaxial structure well adapted for use 
in iron powder metallurgy. The dull iron plate 
may be ground in a ball mill. With air separation, 
or in any other suitable grinder or pulverizer at 
low cost. It may be pulverized to minus 100 mesh 
sizes in a ball mill at the rate of 20 to 25 pounds 
per 100 pounds of balls per hour, whereas, Ordi 
nary electrodeposited iron pulverizes at a rate of 
from 0.25 to 1.0 pounds per 100 pounds of balls per 
hour. The hardening impurities, OXides and hy 
droxides may be reduced and the resulting gaS 
eous elements, together with any chlorine carried 
over from the electrolyte, may be driven off by 
Siriple annealing treatment leaving a product 
which is more than 99.5% pure iron. The anneal 
ing treatment preferably comprises heating the 
ground product in a hydrogen atmosphere at ap 
proximately 800 degrees C. for from one to three 
hours, depending on the fineness of the product. 
According to my process for making dull iron 

plate having the characteristics hereinbefore de 
scribed, it is essential that the conditions present 
in the deposition cells with respect to (1) Solution 
cornposition, (2) current density of the deposition 
and (3) temperature of deposition, shall be con 
trolled and maintained within the limits presently 
to be described. The range of permissible values 
fron a technical standpoint must be further 
limited to minimize the cost of production and 
facilitate control in commercial operations. 

Solution composition 

An electrolyte comprising a ferrous chloride 
Solution has been found best Suited for my pur 
poses. The linits of the Solution concentration 
are from 20 gians to 125 grains of iron per liter 
of Solution and are interrelated with those of the 
temperature and current density cf deposition. 
For example, the upper limit of iron concentra 
tion, as ferrous chloride, in the solution is some 
What dependent on the lowest temperature which 
can be economically maintained in the cell. If, 
a.S in most installations, it is not economical 
to keep the deposition temperature below 15 de 
greeS. C. the maxiram concentration of iron is 
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approximately 125 grams per liter for dull iron 
plate deposition. It is, however, much more 
economical to keep the iron concentration below 
this figure and I have found for most economical 
operation that the iron in Solution should be 
maintained at between 50 and 75 grams per liter. 
With more dilute solutions it is necessary to in 
crease the voltage to impress a given current 
density of deposition and this progressively in 
creases the power consumed per pound of iron 
deposited. It is feasible, however, to obtain dull 
iron plate with maximum solution concentration 
ranging from about 67 to 87 grams of iron per 
liter where the current densities range from about 
10 to 40 amperes per square foot and tempera 
tures at or below 25 degrees C. are maintained in 
the cells. 
A ful the necessary control involves hydrogen 

ion concentration of the Solution. its pH should 
be maintained between 3.0 and 5.5. A pit lower 
than 3 indicates the presence of excessive acid ci 
ferric chloride and results in a bright iron cathode 
deposit which is unsuited for my purposes and is 
otherwise not satisfactory because of its pool ad 
herence to the cathode plates. In practice the pH 
of my solution naturally adiustS itself between 5 
and 5.5. With pH's above 5.5 the solution tends to 
hydrolize and a deficiency of iron in Solution de 
velops under conditions indicated by Substantially 
higher pH values. The presence of ferric chlo 
ride in the Solution is neither desirable nor neces 
Sary for the functioning of my process. ther 
additions to the electrolyte, such as ammonium 
chloride which has been used heretofore, are also 
detrimental. 

Current density 
In order to produce my dull iron plate eco 

nomically, the current density between electrodes 
of the deposition calls must be maintained be 
tween certain values which are interdependent 
Upon the concentration of iron in Solution and 
temperature of deposition. In general, the high 
er the solution concentration the greater must be 
the current density at any given temperature 
Within the feasible range. As hereinbefore indi 
cated, practical limits of the current density are 
from about 10 to 40 anpeires per square foot 
where the Solution coincentration itages fron a 
Inaximum of about 37 to 87 grams of iron per liter 
of Solution and where a temperature at Ci' below 
25 degrees C. is maintained in the cell. The swer 
consuinned per pound of iron deposited increases 
in direct proportion to the current density and in 
inverse proportion to the temperatilre of deposi 
tion. Current densities from 16 to 18 amperes 
per Square foot aire preferred for nny Series ar 
rangement of electrodes in the cell. 

Temperature of deposition 
In order to produce dull iron plate most eco 

nomically the temperature of deposition should 
e maintained between 15 degrees and 35 degrees 

C. and preferably at approximately 25 degrees C. 
where the economical ranges of current densities 
and Solution concentrations hereinbefore de 
scribed are maintained. An unsatisfactory, 
bright, malleable derosit results when a tempera 
ture Substantially above 40 degrees C. is reached 
in a cell of the character described. 

Cells and electrodes 

My process may be carried out in inexpensive 
Open cells without diaphragins between th vi 

anodes and cathodes. Ingot iron plates of suit 
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able thickness, preferaily about one-half inch 
thick, Inay be ased as the electrodes in the cells. 
These plates inay contain up to .2% of carbon and 
::Libstantial announts of othel inpurities. For ex 
alie, they may contain .03% carbon together 
wi 3.nganese, silicon and Sulphur totaling ap 
proxiinately .10% and copper approximately 
.15%. Such electrodes are placed in Spaced, 
parallel, electrical S3ries arrangement in the cells 
and for in axinllin anode recovery are connpletely 
Suleinerged in the electrolyte. They are prefer 
aioly Spaced from two to three inches, center to 
center, and furnished preferably in sizes that can 
be a:dled without the aid of power driven hoistS, 
cranes or conveyors. 
The electrolyte for use in Iny process may be 

obtained by dissolving Scrap iron, prefairably of 
lovy cairion content, in hydrochloric agid. This 
concentrated Solution of ferrous chloride is di 
luted So that it contains iron Within the limits 
herein before described aid preferably about 60 
gians of iron, as ferrous chloride, per liter of 
solution. ;he pH of this solution is maintained 
between 3 to 5.5, as indicated. 
To control the temperature of deposition, in 

5ive heat (X-2hangel's may b3 placed in the 
Cails or built into the Walls of the Sane, or the 
giectrolyte inay be circulated thirough a heat ex 
change) located exteriorly of the cells. 

In the accompanying drawing I have illus 
trated by Way of example and not for the pur 
pose of lini:itation, Suitable cell construction and 
an aiian Caitant of electrodes and circuit for cal'. 
Tying out my invention. 

Referring to the drawing: 
Figure l is a diagrannatic plan view of the cell 

together' with a circuit including conductors and 
a Source of direct current Supply; 

Fig. 3 is a longitudinal section through the cell 
tank, electrodes and supports for the electrodes, 
a. 

Fig. 3 is a croSS Section taken on the line 3-3 of 
Fig. 2. 
As illustrated, the cell comprises an open tank 

having end walls 4, side walls 5 and a bottom 6. 
213 tank may be constructed fion concrete or 

other suitable natorial. To facilitate control of 
the t2:2) cerature of deposition, pipes i al'e Sihown 
ibedded in the Side and end Walls of the tank 
2.38 ai'e connected together to for: a, heat ex 
change coil thirough which cold Watar or other 
cooling fluid may be circulated. A ferrous chlo 
ride electrolyte 3 of the concosition described is 
Contained in the tank to an elevation indicated hy 
the line 9, together with a multiplicity of sol:ble 
ii'On electrodes . ihese electrodes are slip 
port3d in Spaced parallel relation to each other 
aid are severally suspended from parallel rods 
; : extending across the tank and supported on 
the upcer edges of the walls 5. Each electrode is 
suspended from hangers 2 having hook shaped 
Ugoper end portions engaging the rod above. 

1é lower end portion of each hanger 2 may ba 
fastencd by Welding to the upper edge of one of 

n 

therein, or otherwise attached to the elec 
rode. AS Shown, the Several electrodes aire cinn 
pletely submerged in the electrolyte 3. 
A Suitable exterial circuit for subjecting the 

electrodes to electrolysis in the tank nay con 
prise a conductor 3 connected by a lead A to an 
electrode fia at one end of the cell, a source of 
direct current supply 3 and a conductor ex 
tending from the source 5 to a lead it extending 
to the opposite end electrode ab in the tank. By 
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this arrangement the several electrodes a, O 
and Ob are connected in series so that each of 
the electrodes constitutes a soluble anode at 
One face and receives a cathode deposit on its 
Opposite face. At the start of the electrolysis all 
electrodes are alike and they may comprise ingot 
iron plates, or other inexpensive iron plates, 
Containing impurities as hereinbefore described. 
Either the electrode 0a or Ob, depending on the 
direction of flow of current, may act as a soluble 
anode and the other of these terminal electrodes 
as a cathode which receives the brittle iron de 
posit at One face only until such time as its posi 
tion is changed in the cell. 
During the electrolysis the concentration of 

the electrolyte 3 is maintained as hereinbefore 
described and its pH tends to remain at its re 
quired value of from 3 to 5.5. Periodically, if 
neceSSary, a Sinal amount of hydrochloric acid 
may be added. A cell teinperature below 40 de 
grees C. is maintained by circulating cooling 
liquid through the pipes. Current at the density 
required, preferably from 16 to 18 anperes per 
Square foot, is passed between electrodes in the 
Series arrangement so that the metal from the 
positive face of each electrode goes into Solu 
tion and is redeposited upon the negative face 
of the electrode adjacent to it. The electrolysis 
inay be continued until all of the electrodes is 
have been converted into electrodeposited iron 
of the desired dull gray, biittle and porous chair 
acter. The cathode plate etb, after receiving a 
deposit of brittle iron, may be reversed and used 
as the anode a during a later cycle of the elec 
trodeposition. By Such procedure all of the elec 
trodes may be converted into brittle deposits of 
the desired purity. The converted electrodes are 
finally removed from the cells and separated from 
their supporting hangers 2. Subsequently they 
are Subjected to grinding and annealing treat 
ment to produce an iron powder of the required 
structure and purity. 
The present process has advantages over other 

known processes for producing Such iron powder 
which may be summarized as follows: 

(1) The power consumption is substaintially 
less than that required for the multiple or parallel 
circuit arrangement of electrodes in the cells, 
This is accounted for by the fact that both the 
carrier bar and bus bar contacts have been Sub- 5 
stantially eliminated, together with the Voltage 
drop and loss of efficiency resulting from Such 
nultiple contacts. 

(2) Stripping of the brittle iron depositS from 
the cathodes, which is necessary with the mul 
tiple system, is entirely eliminated by the present 
series arrangement. This results in a Saving in 
labor and eliminates from equipment costs the 
cost of the flexible cathode starter plates O' 
Sheets. 

(3) The cost of construction of a commercial 
plant is further reduced by eliminating the rela 
tively complicated bus bar system and thereby 
simplifying the plant layout. 

(4) Since the power consumption is reduced by 
the present series system of electrodeposition 
there is less heating of the electrolyte and a con 
sequent saving in the cost of maintaining the 
temperature within the required low temperature 
range, 

(5) By the present method I obtain a higher 
anode recovery and thereby effect a further Sav 
ing in plant operation cost. 
By maintaining the preferred conditions in the 

cells hereinbefore described, I obtain a porous, 
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6 
brittle, coherent, dull iron deposit with current 
efficiencies above 100%. The reasons for this 
amazingly high efficiency are not entirely clear 
but it is thought that it is at least in part due to 
the porosity and coherent nature of niny cathode 
deposit. The Outer layer of iron as it is formed 
nay act as an intermediate electrode between 
the anode plate and cathode sheet and electrolysis 
may cause decomposition of Water in the pores 
between this Outer layer and the Cathode sheet 
whereby hydrogen and oxygen are liberated in 
these pores. Since the outer layer is iron in a 
very pure form it may combine with the liberated 
gases to form iron oxide and hydroxide under the 
conditions existing in the cell. Accordingly, cur 
rent efficiencies above 100% may indicate that 
the iron is first deposited and later partially al 
tered to the oxide and hydroxide state without 
affecting the carrying power of the current paSS 
ing between the anode and cathode. Further 
substantiation of this theory may be found in the 
fact that analyses of the dull iron plate show that 
iron constitutes only from 95% to 97.5% of the 
product and that the hardening contaminants 
are oxide and hydroxide compounds which can be 
easily removed by annealing in a hydrogen at 
mosphere. 
My coherent dull iron plate may be ground at 

low cost, to sizes suitable for iron powder metal 
Jurgy and when finely divided has excellent struc 
ture for this purpose in that the individual par 
ticles have substantially equiaxial Structure 
rather than a flat, structure which results from 
attempts to grind bright iron depositS. As fur 
ther hereinbefore pointed out, the ground product 
may be purified, without destroying its advan 
tageous equiaxial structure, by Simple annealing 
treatment in a hydrogen atmosphere. Analyses 
of a number of specimens of my dull iron piate 
show the following ranges of composition in per 
centages by weight: 

Per cent 
Total cathode iron------------------- 95-97.5 
Cathode chlorine -------------------- .3-6 
Weight loss after heating in nitrogen at 

950 degrees C. for one hour---------- 1.00-1.55 
Weight loss after heating in hydrogen 

at 950 degrees C. for One hour------ 2.00-3.55 
Total iron after reduction.------------ 99.5-99.9 

After the crushing and annealing treatment, 
measured quantities of the powder may be placed 
in dies and then pressed to the die shape without 
the application of heat. Pressures of the Order 
of magnitude of 30 to 60 tons per square inch 
are used. The resulting Self-Sustaining bodies 
are then removed froin the dies and Subjected to 
a sintering temperature to Unite the component 
iron particles. The bodies So formed from my 
product have great strength, homogeneous Struc 
ture and other controlled properties. Test bars 
formed in this nainner from my dull iron plate 
under 30 tons per Square inch pressure and 
sintered for 14, hours at 850 degrees C. have 
had tensile Strength ranging from 23 thousand 
to 26 thousand pounds per square inch and show 
elongation under test equal to from 7 to 10 per 
cent in one inch. It will be evident that the 
pure iron powder may be mixed with other sub 
stances to modify the properties of the end prod 
uct. 

Having described my invention, what I claim as 
new and desire to protect by Letters Patent is: 

1. The process for making brittle, porous iron 
plate by electrodeposition which comprises, im 
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mersing a multiplicity of relatively impure iron 
plate electrodes in spaced relation one to an 
other in an electrolyte composed of an aqueous 
Solution of ferrous chloride, passing direct cur 
rent, through the electrodes and Solution in Series 
while maintaining the concentration of the So 
lution within the range 20 to 125 grams of iron 
ge: liter, the pH thereof within the range 3 to 5.5, 
the temperature thereof within the range 15° to 
40° C., the current density within the range i0 to 
40 aiiaperes per square foot, the Values within 
said ranges being selected to produce a blittle, 
dull gray daposit having Specific gravity from 
6.3 to 7.25 and continuing the electrolysis until 
the several electrodes have been dissolved and 
redeposited as separate bodies of porous iron. 

2. The process for making brittle, porous iron 
piate by electrodeposition which comprises, in 
Yersing a nultiplicity of relatively impure iron 
plate electrodes in spaced relation one to an 
other in an electrolyte composed Substantially 
entirely of an aqueous Solution of ferous chlo 
ride, passing direct current through the electrodes 
and solution in series while maintaining the con 
centration of the Solution within the range 50 to 2: 
8, glamis of iron per litei, the pH thereof within 
tie range 3 to 5.5, the temperature thereof within 
the range 15° to 40° C., and the current density 
within the range 10 to 40 a.mperes per Square 
foot, the values within said ranges being selected : 
to l'oduce a brittle, dull gray deposit having 
Specific gravity from 6.3 to 7.25 and continuing 
the electiolysis until the Several electrodes have 
been dissolved and redeposited aS separate bodies 
of porous iron. 

3. The process for making brittle, porous iron 

8 
plate by electrodeposition which comprises, im 
mersing a multiplicity of relatively impure iron 
plate electrodes in Spaced relation one to another 
in an electrolyte composed of an aqueous Solu 
tion of ferrous chloride, passing direct current 
thl'ough the electrodes and solution in series 
While maintaining the concentration of the so 
iution within the range 50 to 87 grams of iron per 
liter, the pithereof within the range 3 to 5.5, the 
temperature thereof approximately at 25° C. and 
the current density from 16 to 18 amperes per 
Square foot and continuing the electrolysis until 
the Several electrodes have been dissolved and 
redeposited as separate bodies of porous iron. 

HAROLD W. TRASK. 
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