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The present invention relates to magnetic silicon steel 

for electrical uses, such as in transformers, motors and other electromagnetic apparatus, and more particularly 
to an improved process of producing decarburized silicon 
steel. . . . - 

The silicon steel material to which the present inven 
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tion relates normally contains about 3% silicon, but the , 
silicon content may vary between 1% and 4%. 

In addition, the carbon content of silicon steel ingots 
used as starting material for making electrical steel of 
the type herein concerned is generally, about 0.05% or 
less, with values of 0.020 to 0.030% carbon being typical. 
it is generally accepted that the lower the carbon con 
tent of processed silicon steel, the better are its ulti 
mate magnetic properties. Even the above relatively 
small percentages of carbon will cause the watt loss of 
the final magnetic strip to be undesirably high if it is not 
further reduced in the course of processing the metal. 
The maximum amount of carbon tolerable from the 
standpoint of low watt losses is now considered to be 
about 0.006%. Recent work has indicated that if in 
creasing core loss in transformers, for example, with 
the passage of time is to be completely avoided, the car 
bon content of the core steel must be held to 0.002% or 
less. a st 
The conventional method of processing silicon steel 
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atmosphere actually serves to hinder effective re 
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40 material of the above type is to subject it to a series of . 
rolling and heat treating (annealing) steps for reducing 
the material to strip form of desired gauge while remov 
ing undesired impurities and internal strains therefrom 
In an intermediate heating step in such process, the rolled 
material is usually subjected to a heat treatment of about 
950° C. for softening the strip to facilitate further roll 
ing and to relieve the strains therein. Normally, after 
the desired gauge has been obtained, the strip is sub 
jected to a decarburizing treatment to reduce the carbon 
content to a minimum. This treatment, in the past, has 
been carried out in decarburizing atmospheres at a tem 
perature of about 800° C., which was considered by the 
prior art to afford the most effective removal of the car 
bon in the shortest possible time. Temperatures higher 
than that range and particularly above 900 C. were 
found, using prior processes, to result either in less car 
bon removal or require longer heating periods, or both. 
As a consequence, the decarburizing treatment has con 
ventionally been carried out in a stage separate from 
the intermediate strain-relief anneal in which tempera 
tures well above 900° C. are most effective. 

It is an object of the invention to provide an improved 
process of producing decarburized silicon steel which is 

the teachings of the prior art. In other cases, gases 

the steel which prevented further removal of the carbon 
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wherein the decarburizing step may be carried out to 
gether with the strain-relief heat treatment normally used 
in processing silicon steel. . . . . - - - - - 

In accordance with the invention, it has been found 
that when the silicon steel strip is thoroughly pre-cleaned, 
as hereinafter described, and thereafter subjected to a 
heat treatment in the presence of a wet pure inert gas, 
such as nitrogen, and wherein the temperature is in the 
range of 875°C. to about 1025 C., the carbon content 
of the final silicon steel material is reduced to a level 
notheretofore attained by the usual mill processes, and 
such reduction is effected in an extremely short decar burizing process. 
Various types of reducing and oxidizing atmospheres 

have been used in the prior art in carrying out decar 
burizing processes, but the previously used gases have not 
been fully satisfactory in that in certain cases the car 
bon level reached was not sufficiently low, the time re 
quired to effect adequate decarburization was too long, 
the results obtained were non-uniform, or for other reasons. . . . . . 

In certain of the atmospheres previously used, oxygen 
or hydrogen was incorporated, but it has been discovered 
in connection with the present invention that the pres ence of either oxygen or hydrogen in the decarburizing 
of carbon from the steel to very low levels, contrary to 
such as carbon dioxide have been incorporatec r. . . . burizing atmospheres, but such carbon-bearing gases have 
been also found to prevent the attainment of extremely 
low levels of carbon content, presumably due t 
librium established between the carbon-bearing gas 
once equilibrium had been reached. 

It appears that the decarburizing action produced in 
accordance with the invention is effected chiefly by the 
moisture component of the present gas mixture and that 
the remaining gas component or components serve merely 
as diluents for the water vapor and should be inert to 
the metal and its constituents. 

Accordingly, it is of particular significance in the in 
vention that reactive gases such as oxygen and hydrogen, 

such as carbon dioxide, are en 
i to this end a pure inert diluent gas 

is used as a vehicle for the decarburiz 
While nitrogen is a particularly suit 

able inert gas, especially from an economic standpoint, 
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simpler, shorter and produces more effectively decarbur- is 
ized silicon steel than prior known methods. 

It is another object of the invention to provide silicon 
steel material having substantially reduced carbon con 
tent as compared to that made by conventional processes. 

It is a further object of the invention to provide a 
rapid process of decarburizing silicon steel at tempera 

ton, neon and the li 
other inert types of gases such as argon, helium, kryp 

, or mixtures thereof, may alter natively be used where appropriate. 
The proportion of water vapor used with the nitrogen 

or equivalent gas is not critical in the present invention, 
it having been found that substantially the same results 
in terms of carbon removal are obtained whether the 
atmosphere is saturated with moisture or contains only 
a relatively small proportion thereof. For example, suc 
cessful decarburization has been accomplished with dew 
points as low as -40° F. However, it is preferred to 
operate with dew points above 35 F., since the process 
is then less sensitive to slight variations in surface prep 
aration. Raising the dew point above 35 F. does not 
improve the efficiency of the process but does offer the 
practical advantage of making it possible to add the 
desired water vapor to the pure inert gas by passing the 
latter through a water bath at room temperature, e.g., 
about 70-80° F. 

It is of importance to ensure that the steel surface is thoroughly cleaned prior to the decarburizing treat 

tures above 900° C., and a process of treating steel strip 
ment, especially for the purpose of removing any scale 
which may result from a prior hot-rolling stage. For 
this purpose, the steel may be shot-blasted, pickled in 
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an acid solution, e. g., hydrochloric and hydrofluoric 
acid mixture, and then washed in water. The cleaning 
action should be sufficiently thorough to provide a clean, 
bright surface on the steel. It is also desirable to re 
move any grease on the surface, and this may be ac 
complished, for example, by passing the material through 
a conventional vapor degreaser prior to its entrance into 
the decarburizing chamber. 

Decarburization as carried out by the present process 
is particularly effective in the temperature range of 
875 to 1025 C., which is in contrast with prior art 
teaching that best decarburization is achieved at a tem 
perature of less than 875 C. Since the optimum 
temperature range for the stress-relief anneal is about 
925 to 955 C., the present process is eminently suited 
for combination with the stress-relief anneal treatment 
in processing the silicon steel. The time required for 
maximum removal of carbon using the present process 
is of the order of 10 minutes or less. 
A series of tests was conducted to compare the effects 

of various known decarburizing furnace atmospheres 
with that of the present invention. In these tests, groups 
of ten samples each of identical silicon steel strip 14 
mils thick were all initially subjected to a cleaning step 
which involved pickling in an acid solution, degreasing 
and washing, after which each sample was heat treated 
for 10 minutes at 925 C. Each group of ten samples 
was treated in a different one of four types of atmos 
pheres consisting of the following: (a) line nitrogen, 
containing 0.2-0.3% oxygen; (b) pure nitrogen (line 
nitrogen with oxygen removed); (c) air; (d) substan 
tially pure hydrogen. Water vapor was incorporated 
in each of the atmospheres, the dew point being 78 
80° F. 

In addition, a further group of ten samples of identical 
material, not pre-cleaned as above described, was also 
heat treated at the same temperature in a pure wet nitro 
gen atmosphere of the above-mentioned moisture con 
tent. 

Analysis of carbon content of these samples after the 
decarburizing treatment showed the following average 
results for the samples treated in each type of atmos 
phere: 

Atmosphere: Carbon content, percent 
Line nitrogen------------------------------ 002 
Air -------------------------------------- 003 
Line hydrogen.----------------------------- .014 
Pure nitrogen----------------------------- .001 

The additional samples which had not been pre 
cleaned and which had been subjected to a pure wet 
nitrogen atmosphere showed a carbon content of 0.003%. 
Carbon contents below .002% are difficult to deter 

mine accurately by the analytical techniques presently 
used, and there is good reason to believe that the true 
value for those samples subjected to the pure wet nitro 
gen atmosphere of the present invention is substantially 
below the .001% value shown. Of the ten samples 
tested in this group, nine showed a carbon content of 
.001% and one showed .002%. The results obtained 
with the samples pre-cleaned and decarburized in pure 
wet nitrogen in accordance with the invention thus 
showed marked improvement over the decarburizing 
processes using other types of atmospheres, and the reduc 
tion thereby afforded in terms of reduced magnetic aging 
losses of the silicon steel makes the present process of con 
siderable practical value. This is of particular significance 
in view of experimental evidence which shows that the 
rate of magnetic aging increases substantially above .002% 
carbon content. 
The results of the above tests also show that the 

Scale left on samples subjected to the decarburization 
process hinders removal of the carbon to an appreciable 
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4. 
extent, and that the removal of this scale and other im 
purities by the pre-cleaning procedure described is tes 
sential to consistently attain maximum removal of carbon 
from the steel. - 

In a typical process which may be used in practicing 
the invention, a silicon steel ingot containing about 3% 
silicon and .02% carbon is initially hot rolled to about 
.085 inch and after removal of the scale and other im 
purities by a pre-cleaning step, it is cold rolled to about 
028 inch. Then the steel strip is subjected to a com 
bined strain-relief anneal and decarburizing treatment 
in a pure wet nitrogen atmosphere at a temperature of 
about 925 to 955° C. for about four minutes. There 
after, the decarburized strip is cold rolled to a gauge of 
012-014 inch. The material thus produced is ready 
for further refining and grain growth processes well 
known in the art. 

In the above process, the pre-cleaning step may be 
carried out immediately after the hot rolling stage as 
described, or it may be deferred until just prior to the 
combined strain-relief and decarburizing treatment. 
By virtue of the invention silicon steel strip may be 

made with virtually the minimum detectable carbon con 
tent, and it may be effectively produced by the use of a 
decarburizing heat treatment having a relatively wide 
range of temperature as compared to the temperatures 
previously considered optimum in the prior art for re 
ducing carbon to minimum levels. Of particular advan 
tage is the provision by the invention of the combination 
of decarburizing and annealing steps using elevated tem 
peratures of well above the 900 C. level which is opti 
mum for annealing purposes, thus enabling the elimina 
tion of the usual final decarburizing step, and in addi. 
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tion providing for carbon contents lower than obtained 
by any of the conventional decarburizing treatments in 
equivalent periods of time. 
While the present invention has been described with 

reference to particular embodiments thereof, it will be 
understood that numerous modifications may be made 
by those skilled in the art without actually departing 
from the scope of the invention. Therefore, the ap 
pended claims are intended to cover all such equivalent 
variations as come within the true spirit and scope of 
the invention. 
What I claim as new and desire to secure by Letters 

Patent of the United States is: 
1. The method of treating silicon steel which com 

prises pre-cleaning the silicon steel, and heating the 
silicon steel at a temperature of 875-1025 C. in an 
atmosphere of pure wet inert gas. 

2. The method of treating silicon steel which com 
prises pre-cleaning the silicon steel to provide a clean, 
bright surface thereon, and heating the silicon steel at 
a temperature of 875-1025 C. in an atmosphere of pure 
inert gas containing water vapor. 

3. The method of treating silicon steel which com 
prises pre-cleaning the silicon steel to provide a clean, 
bright surface thereon, and heating the silicon steel at 
a temperature of 925 C.-955 C. in an atmosphere of 
pure nitrogen containing water vapor sufficient to pro 
vide a dew point of at least about - 40 F. 

4. The method of producing decarburized silicon steel 
which comprises hot rolling silicon steel material to an 
intermediate gauge, cleaning the hot rolled silicon steel 
material to provide a clean, bright surface thereon, cold 
rolling the thus treated silicon steel material to a fur 
ther reduced gauge, subjecting the silicon steel material 
to a temperature of 925 C.-955 C. in an atmosphere of 
pure inert gas containing water vapor to provide a com 
bined decarburization and stress-relief anneal, and cold 
rolling the thus treated material to final gauge. 

5. In the process of producing magnetic silicon steel, 
the steps of pre-cleaning the silicon steel to provide a 
clean, bright surface thereon, and thereafter subjecting 
the cleaned silicon steel to a combined strain-relief and 
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decarburizing treatment which comprises heating the 
silicon steel at a temperature of 925 C.-955° C. in an 
atmosphere of pure inert as containing water vapor 
sufficient to provide a dew point of at least about 
-40 F. 

6. Electrical silicon steel as made by the method de 
fined in claim 1. 

7. Electrical silicon steel as made by the method de 
fined in claim 4. 
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