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This invention relates to a process for converting a 
piece of ferrous metal into a coherent magnetite article 
and to the article produced thereby. 

In the chemical industry the preparation of apparatus 
which is su?iciently corrosion-resistant for many proc 
esses is a difficult problem. This problem is particularly 
acute when making an anode-material for electrolysis, or 
electrodialysis, especially when chlorine is developed at 
the anode. The various stainless steels are not su?i 
ciently corrosion-resistant; precious metals such as 
platinum are too expensive for commerical purposes, and 
even platinum gives unsatisfactory results when chlorine 
is developed during anodic oxidation processes. Also 
utilization of graphite anodes causes di?iculties in many 
cases, particularly if oxygen is developed together with 
chlorine, as graphite pulverizes in this case. As a con 
sequence of this pulverization the anodic liquids are con 
taminated with loosened graphite particles, and great ex 
pense is caused by the rapid wearing away of the elec 
trodes. 

In such cases magnetite anodes would be resistant, but 
up to now magnetite could not be prepared in a service 
able form. 

In the Dutch patent speci?cation No. 61,770 a process 
for the preparation of magnetite is described; by this 
process it is however obtained as a powder. It is stated 
that magnetite electrodes can be prepared from this pow 
der, but in practice this turns out to be very di?icult, 
?rstly because it is di?icult to press the powder to a co 
herent body, and secondly because these electrodes have a 
very great electrical resistance. 

It is also often proposed (e. g. in the German Patent 
speci?cation No. 255,072) to convert iron articles into 
magnetite. Usually this takes place by heating iron at 
a temperature of e. g. 900—1000° C. in an oxidizing at 
mosphere. Under these circumstances the iron converts 
slowly into magnetite. According to this process it is 
possible to convert a thin layer of the surface of an iron 
article to magnetite, but such a layer of magnetite is 
porous and an article made therefrom has little durability. 
Therefore the practical usefulness of such magnetite elec 
trodes is small. 

If a thicker layer of magnetite is formed, other di?i 
culties arise, for example the magnetite has a poor ad 
herence to the iron core, and the formed magnetite is 
very brittle. Moreover, according to the experience of 
applicant, blisters are formed if ?at iron articles have 
their surfaces converted into magnetite and the magnetite 
extends to a depth of more than 0.5 mm. Thus the upper 
surface becomes uneven, the thickness of the layer is 
no longer uniform over the whole surface, the structure 
of the layer is very bad at many places, and the magnetite 
easily splits off in ?at scales. 

According to the German patent speci?cation No. 
235,307 an attempt is made to overcome the foregoing 
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defects by converting only the inner sides of iron tubes 
into magnetite. It was thought that the density of the 
magnetite would be increased by the radial growth and 
that no blisters would be formed, but experience proved 
that blisters still were formed, unless tubes of a very 
small diameter were used. If, however, an attempt is 
made to convert the outer side of a tube or the inner 
side of a larger tube into magnetite this cannot be car 
ried out properly according to any of the known meth 
ods, provided a layer of magnetite of several mm. is 
wanted. Under such circumstances, one or more of 
the mentioned di?iculties, such as poor adherence, forma 
tion of blisters and the like always arise during the 
process of conversion. 

Applicant has found now that the unevenness of the 
layer of magnetite is related to the character of the sur 
face of the starting material and that-at an otherwise 
usual treatment of iron articles—a very thick layer of 
magnetite of a uniform structure can be obtained by 
pro?ling the surface of said starting material in special 
Ways. It is even possible to convert these articles com 
pletely into magnetite without formation of blisters. 

For this purpose it is necessary to break up the ?at 
surface of the iron before the conversion into magnetite. 
This is preferably accomplished by means of milling 
grooves into flat articles or by means of cutting such 
grooves into tubes, with a lathe. These grooves, for ex 
ample, may be spaced at a distance of several cm. from 
one another and may have a depth and a width of about 
1 mm. if milled into articles of rolled iron. Said grooves 
may also be made by a chemical treatment (etching), or 
by means of sandblasting. Also shallow scratches at 
small distances from each other, provide some of the 
bene?ts of the process. Also by boring a great number 
of small holes, having e. g. a diameter of 2 mm. and a 
depth of 2 mm., it was possible to obtain a coherent layer 
of magnetite by the subsequent heating process. 

Often it is advantageous to continue the conversion 
of iron until all the iron is converted into magnetite. 

If e. g. a layer of iron, having the thickness of about 
5 mm, remains present in the interior of the electrode, 
the feeding contacts for the electrical current may be 
mounted thereinto by boring and screw cutting. This 
has the advantage that the current is substantially con 
ducted through the iron and only has to pass through a 
thin layer of the magnetite which has a much greater 
electrical resistance. An electrode with an iron core is 
also less fragile than an object entirely consisting of 
magnetite. 

It should be mentioned also that the quality of the 
iron material has an in?uence upon the quality of the 
magnetite. Rolled iron is the usual starting material for 
this conversion; when cast iron is used, every drawback 
mentioned above, appears to a greater extent than when 
using rolled iron. It may however be advantageous to 
start with cast iron articles, as these can be prepared 
cheaper in special forms than articles from rolled iron. 
These cast iron articles can be converted into magnetite 
also, but then there have to be more grooves, or the 
grooves need to be deeper than in a similar article made 
from rolled iron. 

Example I 

From among 4 steel cylinders, having a diameter of 
about 8 cm., obtained from the same tube, one cylinder 
(A) was provided with grooves both on the inside and 
on the outside having a depth of about 1 mm., said 
grooves having spaced distances varying between 4 and 
7 cm. in a second cylinder (B) similar grooves were made 
only in the inner side thereof; in a third cylinder (C) the 
cuttings were only made in the outer side thereof, and 
the surface of the fourth cylinder (D) was not changed 
at all. 
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Thereafter these 4 cylinders were heated for 10 hours 
in an electrical furnace in a stream of steam, at a tem 
perature of about 1100° C. . After cooling cylinder A 
turned out to have a very even and coherent layer of 
magnetite both inside and outside. Only the inner side 
of cylinder (B) was converted evenly into magnetite and 
only the outer side of (C); the sides of these cylinders 
which did not contain recesses showed several large and 
small blisters, having a depth of 14 mm. The cylinder 
(D) Showed these blisters at both sides. The thickness 
of the evenly formed layers of magnetite varied only from 
4.5-5 mm. 

Example 11 

In a steel plate having a thickness of about 8 mm., pro 
?les were milled at one side, having .a depth of about 
1 mm. They were made parallel to the longitudinal di 
rection and to the transverse direction, at mutual dis 
tances of respectively 4 and .7 cm. 

After heating for 10 hours in an electric furnace in a 
streaming steam atmosphere, at a temperature of i000° 
C., the side which is not pro?led showed blisters which 
peeled o? easily; whereas the pro?led side of the plate 
showed an even layer of magnetite, having a good ad 
hesion to the iron core, this layer having a dense, homoge 
neous and beautifully coherent structure, and a thickness 
of about 3 mm. 

Example III 
Three similar electrodes were sawn from a cast iron 

plate having a thickness of 8 mm. In the ?rst electrode 
(A) grooves were milled into both sides in two direc 
tions perpendicular to each other, said grooves having a 
depth of 1 mm. and .a width of 1 mm., and spaced dis 
tances of 3.5 cm. In the second plate (B) grooves were 
made in the same way and at the same distances, these 
grooves having the same width as mentioned above, but 
a depth of 3 mm.; a third plate (C) was not treated be 
fore conversion into magnetite. 

After a similar heating as described in Example II the 
plate C was swollen egglike and showed deep blisters in 
the midst of it; the exterior thickness of the plate where 
the blisters occurred ‘was '8 cm., and the magnetite was 
only very slightly coherent. The layer of magnetite of 
plate A was more coherent, ‘but still small blisters had 
appeared which peeled off easily. The layer of mag 
netite of plate B was ?awless; the thickness of this layer 
was however smaller in the same heating conditions than 
that upon rolled iron; on this plate it amounted to about 
2 mm. ' 

Example IV 
When similar tubes, as described in Example ,I, are 

heated in a stream of carbon dioxide, containing not more 
than about 10% of carbon monoxide, for a time of about 
25 hours at a temperature of about 1000" C., the result 
is about the same as that of heating in a steam atmosphere 
for about 10 hours at 1100" C. 

Example V 

A ?at plate of rolled iron, having a thickness of about 
6 mm. is grooved with 2 sets of grooves on both sides 
with a milling machine, the grooves having spaced dis 
tances of about 5 c_m., a depth of ‘1.5 mm.‘ and a width 
of 1 mm. This plate was converted completely into a 
coherent magnetite plate of about 9 mm.v thickness, by 
heating in a streaming steam atmosphere in an electric 

~ furnace at a temperature of about 1050° C. for 14 hours. 
I claim: 
1. A process for producing an article having at least 

a surface layer of coherent magnetite, which comprises 
removing metal from a surface of a shaped piece of fer 
rous metal so as to form recesses into the body of said 
piece at intervals over said surface, and thereafter heat 
ing said surface under oxidizing and high temperature 
conditions effective to convert the iron into magnetite, 
until at least a surface layer of said piece is convertedv 
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4 
into a continuous coherent layer of magnetite, said con~ 
verted piece having a thickness of at least 4 mm. and said 
recesses being formed at a depth and intervals effective 
to keep the entire magnetite layer ?rmly integrated with 
said piece and avoid blistering of the magnetite. 

2. A process for producing an article having at least 
a surface layer of coherent magnetite, which comprises 
removing metal from a surface of a shaped piece of fer 
rous metal so as to form recesses at least about 1 mm. 
deep into the body of said piece at intervals over said 
surface, and thereafter heating said surface under oxidi 
zing and high temperature conditions effective to con 
vert the iron into magnetite until at least a surface layer 
of said piece is converted into a continuous coherent 
layer of magnetite, said converted piece having a thick 
ness of at least 4 mm. and said recesses being formed at 
intervals effective to keep the entire magnetite layer ?rm 
ly integrated with said piece and avoid blistering of the 
magnetite. 

3. A process for producing an article having at least 
a surface layer of coherent magnetite, which comprises 
removing metal from a surface of a shaped piece of fer 
rous metal so as to form recesses at least about 1 mm. 
deep into the body of said metal at intervals of a plu 
rality of centimeters over said surface, said intervals not 
exceeding about 7 cm., and thereafter heating said sur 
face under oxidizing and high temperature conditions 
effective to convert the iron into magnetite until at least 
a surface layer of said piece is converted into a continuous 
coherent layer of magnetite, said converted piece having 
a thickness of at least 4 mm. 

4. A process for producing an article having at least 
a surface layer of coherent magnetite, which comprises 
forming continuous grooves in a surface of a shaped piece 
of ferrous metal at intervals over said surface, and there~ 
after heating said surface under oxidizing and high tem 
perature conditions effective to convert the iron int-o 
magnetite, until at least a surface layer of said piece is 
converted into a continuous coherent layer of magnetite, 
said converted piece having a thickness of at least 4- mm. 
and said grooves being formed at a depth and intervals 
effective to keep the entire magnetite layer ?rmly inte 
grated with said piece and avoid blistering of the magne 
tite. 

5. A process for producing an article having at least 
a surface layer of coherent magnetite, which comprises 
cutting grooves in a surface of a shaped piece of ferrous 
metal at intervals over said surface, and thereafter heat 
ing said surface under oxidizing and high temperature 
conditions effective to convert the iron into magnetite, 
until at least a surface layer of said piece is converted 
into a continuous coherent layer of magnetite, said con 
verted piece having a thickness of at ‘least 4 mm. and 
said grooves being formed at a depth and intervals effec 
tive to keep the entire magnetite layer ?rmly integrated 
with said piece and avoid blistering of the magnetite. 

6. A process for producing an article having a coherent 
surface layer .of magnetite, which comprises removing 
metal from a surface of a shaped piece of ferrous metal 
so as to form recesses into the body of said piece at inter 
vals over said surface, thereafter heating said surface 
under oxidizing and high temperature conditions effective 
to convert the iron into magnetite until a surface layer 
of said piece having a thickness of at least 2 mm. is 
converted into magnetite, and discontinuing the heating 
while said piece still comprises a core of ferrous metal, 
said recesses being formed at a depth and intervals effec 
tive to keep the entire magnetite layer ?rmly integrated 
with said core and avoid blistering of the magnetite. 

7. A process for producing a shaped, article having a 
thickness of at least 4 mm. and composed substantially 
entirely of coherent magnetite, which comprises removing 
metal from opposite surfaces of a distended piece of 
ferrous metal so ‘as to form recesses into the body of said 
piece at intervals over each of said surfaces, and there 
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after heating said surfaces under oxidizing and temper 
ature conditions e?ective to convert the iron into magne 
tite until said piece is converirsd substantially entirely into 
coherent magnetite, the converted piece having a thick 
ness of at least 4 mm. and said recesses being formed 
at a depth and intervals e?ective to keep the entire con 
verted piece ?rmly integrated and avoid blistering 0f 
the magnetite. 

8. A process for producing a shaped article having at 
least a surface layer of coherent magnetite, which com 
prises cutting grooves at least about 1 mm. deep into a 
surface of a ferrous metal plate at intervals of a plurality 
of centimeters over said surface, said intervals not ex 
ceeding about 7 cm., and thereafter heating said surface 
in a mildly oxidizing atmosphere at a temperature of about 
1000° to 1100° C. until the iron in at least a surface 
layer of said plate is converted into a continuous co 
herent layer of magnetite having a thickness of at least 
2 mm., the converted plate having a thickness of at least 
4 mm. 

9. A shaped rigid article having at least a surface layer 
or" coherent magnetite and produced by the process de 
scribed in claim 1. 
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10. An anode having a core of ferrous metal and a co 
herent surface layer of magnetite, produced by the proc 
ess described in claim 6. 
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