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6 Claims. (Cl 
This invention relates to method and appa 

ratus for the rapid direct analysis of oxygen in 
steel. The invention is suitable for use in the 
control of industrial steel making Operations such 
as the open hearth, Bessemer and electric fur 
naces whenever a value for the oxygen content 
of the steel or iron bath is desired, especially 
near the end of the heat, when the proper de 
oxidation treatment must be determined. 

In steel making practice, the elimination of 
carbon, phosphorus, sulphur, silicon and man 
ganese from the iron is an oxidation process and 
the oxidation is generally described as being 
brought about by FeO dissolved in the molten 
iron. However, the oxygen is probably also pres 
ent in other forms than Feo and is very likely 
also associated with other elements such as sili 
Con and manganese. When the desired compo 
sition in regard to these elements has been at 
tained, the steelmaker should know the amount of 
Fe0 present. A certain minimum amount of 
Fe0 is required for those grades known as rim 
ming steels. In other types known as semi 
killed and killed steels, the Fe0 must be reduced 
to definite amounts by deoxidation with other 
elements, such as aluminum. The amount of 
Fe0 in the finished steel will thus vary with the 
grade of steel and the method of manufacture, 
but in all cases it is required that the Fe0 con 
tent be known and accurately controlled, if the 
steel is to be of the desired quality. 

In current practice, the amount of Fe0 in the 
steel must be estimated by indirect methods which 
depend upon the operator's experience and the 
analysis for other elements in the slag or metal. 
The equilibrium between these elements and Feo 
in the metal are often displaced by variations in 
various operating factors, or they may not al 
Ways be attained to the same degree, or they 
may be of such a nature as to be of little value 
in certain composition ranges. It is, therefore, 
desirable to eliminate these uncertainties by pro 
viding some direct rapid method of analysis for 
Fe0 in the steel. In order to be of value, this 
method must be sufficiently rapid so that it can 
be made while the heat is in the furnace or in 
the ladle in order that after the analysis is made 
the working of the heat may be adjusted accord 
ingly or that a diedxidizer may be added to the 
Asteel while it is still molten and in accordance 
with the test. The method hereinafter more 
fully described is such that the total oxygen in 
the steel may be analyzed within about five min 
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the heat may be worked and finished as indicated 
by the test. 
Although rapid methods are now known for 

analyzing carbon in steel so that the carbon can 
be adjusted while the bath is still in a molten con 
dition, no rapid methods are now available for 
analyzing for oxygen, so that deoxidizers can be 
added to the steel while it is still in molten con 
dition to thereby produce deoxidation of the steel 
to the desired extent. The present methods for 
analyzing for oxygen in the steel are complicated 
and take too long a time to be of use in cor 
trolling the working and finishing of the heat and 
they are also less accurate than is desired. A 
vacuum fusion method is known which can be 
used in the laboratory to analyze for oxygen, 
hydrogen and nitrogen but this method and the 
apparatus used in carrying out the analysis are 
complicated and the analysis takes several hours 
to perform. Thus it is of no value in analyzing 
a steel for oxygen within a short period of time 
such that a deoxidizer may be added to the steel 
bath in accordance with the test. The time of 
testing is so long that the steel bath would have 
changed radically in composition or the steel 
making process Would have ended before the 
analysis was completed. . 
Another method of analyzing for oxygen in 

steel is the bomb method in which aluminum is 
placed in a cast iron bomb provided with a thin . 
metal cover and the bomb is placed in the steel 
bath. The thin metal cover melts, the steel flows 
into the bomb and the iron oxide. in the steel 
converts the aluminum into alumina. The bomb 
is removed from the bath and the contents of 
the bomb are analyzed for alumina from which 
the content of Fe0 in the steel can be deter 
mined. The alumina may be determined by a 
turbidity method which involves treating the 
Steel With acid and measuring the turbidity of 
the Solution. Another method is to subject the 
steel containing alumina to a vacuum fusion 
treatment to determine the oxygen in the steel. 
There are several objections to this bomb method 
in which aluminum is converted into alumina by 
the Fe0 in the steel. Experiments indicate that 
the conversion of the oxygen in the steel to alu 
mina is not complete. Thus the sample does not 
truly represent the steel in the bath. Another 
objection is that if the contents of the bomb 
are subjected to a vacuum fusion treatment a 
relatively high temperature such as of the Order 

utes under favorable conditions and accordingly 65 
of about 1600° C. is required, in order to reduce 
the alumina. As contrasted with this, where ac 
cording to the present invention the vacuum fu 
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sion method is carried out on a sample in which 
the Oxygen has not been converted to alumina, 
the reduction may be accomplished at a consid 
erably lower temperature, for example at. about 
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1' in width and tapers from a thickness of about 
%' at the top 9 to a fairly sharp edge to at the 
bottom. The dimensions of this mold have been 
determined by experiment to be satisfactory in 

1400° C., and is also more rapid. In addition, 5 obtaining a proper sample and although the di 
the analysis of oxygen in steel by a method which 
involves formation of alumina from aluminum 
and the Subsequent determination of the amount 
of alumina involves a long period of time, so that 
this method is not suitable for making a rapid 
determination in Order that the analysis may be 
of use in the working and finishing of the heat. 
In accordance with the present invention, I 

provide a rapid method of analyzing for total 
oxygen in the steel Without resort to the inter 
mediate step of converting aluminum into alu 
mina and without employing a complicated vac 
uum fusion method which required a long time 
to perform. 
In the accompanying drawing, which illustrates 

preferred forms of apparatus which may be used 
in carrying out the method, 

Fig. 1 is a front elevation of a simple form of 
vacuum fusion apparatus;, 

Fig. 2 is a vertical longitudinal section through 
the crucible assembly; w 

Fig. 3 is a vertical longitudinal section through 
a split mold used in obtaining the sample which 
is to be analyzed in the apparatus shown in Fig. 
1; and 

Fig. 4 is a front elevation of one of the parts 
of the mold shown in Fig. 3. 

Referring now more particularly to the accom 
panying drawing, the method and apparatus 
may be conveniently described in two sections, 
each of which are important: 

A. Sampling 
B. Analysis 

The sampling of the steel will be described 
first. The steel bath which is to be analyzed for 
oxygen is sampled with a small well-slagged 
spoon of the type in common use for taking car 
bometer samples. This sample is frozen as rap 
idly as possible by pouring it into a small 
split, wedge mold made of copper or other mate 
rial having high heat conductance. 
of rapidly freezing the sample is to stop as quick 
ly as possible the reaction between the Fe0 and 
carbon in the steel. Evolution of CO is partic 
ularly rapid in the freezing range, so the sam 
ple must be solidified as rapidly as possible. If 
the chilling of a sample is not very rapid, it al 
lows the reaction between FeO and carbon to 
continue, thereby forming carbon monoxide 
which escapes from the mold. Thereby some of 
the Fed in the steel bath is lost in making the 
test piece, so that the analysis of the test piece 
does not accurately indicate the content of Fe0 
in the steel bath. 
A preferred form of mold for obtaining the 

sample is shown in Figs. 3 and 4, on which the 
dimensions of the mold have been indicated, 
This mold is made of copper which rapidly chills 
the sample. The mold is a Split mold made in 
two sections 2 and 3 split along the vertical line 
4, each of the sections being provided with a 
handle part 5. One of the mold Sections is pro 
vided with dowel pins 6 which fit into correspond 
ing recesses 7 in the other mold section. It will 
be noted that the mold when the sections are 
assembled is square in horizontal cross Section 
and has a width of about 2', a thickness of 
about 2' and an overall height of about 8'. 
The mold cavity 8 is about 5' in height, is about 
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mensions may be varied somewhat, they are to 
a certain extent critical. In any case, the mate 
rial of which the mold is made and its dimensions , 
including the dimensions of the mold cavity 
should be such as to rapidly chill at least the 
lower portion of the sample adjacent the edge 
O so quickly that the reaction between Fe0 and 

carbon is quickly stopped. The sample will con 
tain a large cavity or "pipe' and it is important 
that this be left in the Sample and that no at 
tempt be made to eliminate it by adding addi 
tional metal. An attempt to eliminate this cav 
ity by pouring additional metal prevents the 
rapid chilling of the sample required to stop 
the reaction between the FeC) and carbon. The 
lower part of the sample will have a bright or 
only very slightly tarnished surface which shows 
that the chilling of the sample has been ex 
tremely rapid so as to prevent the formation of 
temper colors. A portion of from 10 to 20 grams 
is cut or broken off of the bottom part of the 
sample, is weighed and is placed in the analyti 
cal apparatus shown in Fig. 1 

Referring now more particularly to Figs. 1 and 
2, the construction of the apparatus and the 
method of analyzing the sample for total oxygen 
is as follows: 
An induction furnace f2 having coils 3 sur 

rounds a crucible assembly which is illustrated 
more in detail in Fig. 2. The sample to be 
analyzed for oxygen is introduced into a graphite 
crucible 4 which is provided adjacent its top 
with a graphite funnel 5 for aiding introduc 
tion of the sample into the crucible as more par 
ticularly explained hereinafter. A slotted graph 
ite shield or thimble 6 is spaced from and sur 
rounds the crucible, the space between the cru 
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cible and shield being filled with graphite turn 
ings 7 acting as heat insulation material. The 
bottom of the shield 6 has a depending base 8 
which rests on an alundum supporting base 9, 
so as to space the thimble 6 from the alundum 
supporting base. The supporting base 9 rests 
on 40-60 mesh magnesium oxide designated by 
the reference numeral 20, which acts as a heat 
insulator and is contained in a glazed quartz tube 
2 spaced from the thimble, 6. The upper end 
22 of the quartz tube has a tapered ground joint 
connection with the lower end of the heat re 
sistant glass furnace head 23 as shown in Fig. 1. 
The joint is made vacuum-tight by wax or other 
sealing material. A water cooling jacket 24 made 
of heat resistant glass surrounds the crucible as 
sembly and the joint 22, cooling water being in 
troduced through an inlet 25 and passing out 
through an outlet 26. 
An important feature of the crucible assembly 

is the use of the graphite thimble or shield 6 
in conjunction with the graphite turnings, f. and 
the graphite crucible 4. It has been customary 
in the past to place graphite turnings or other 
particle form of graphite between a graphite cru 
cible and an aluminut. ii oxide shield or thimble 
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6. There is a considerable tendency at the high 
temperatures employed for the powdered graph 
ite to react with the aluminum oxide thimble 
reducing the aluminum oxide and forming car 
bon monoxide. This reaction may produce a hot 
Spot in which the reaction is pronounced, there 
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by developing enough carbon monoxide to give 
an inaccurate analysis of the oxygen in the steel. 
By using a graphite thimble to retain the graph 
ite powder or turnings according to the present 
invention, reaction between the graphite powder r 
and aluminum oxide to form carbon monoxide 
is avoided. 
As shown in Fig. 1, the furnace head 23 has a 

Side arm 2 provided with a stop cock 28. The 
side arm 2, through which the sample to be 
analyzed is introduced, is provided with a cap 29. 
The furnace head is fitted at the top with a prism 
30 through which temperature may be taken 
With an optical pyrometer. Within the furnace 
head and below the prism-there is located a cop 
per radiation shield 3 designed to prevent me 
tallic vapors from condensing on the prism. A 
sighting hole through the shield is opened and 
closed by a magnetically operated steel door 32. 
The head 23 is connected by an arm 33 to a 

mercury pump 34 of any usual or desired con 
Struction which Will produce a high vacuum in 
the System. A tube 35 leads from the mercury 
pump to a gas reservoir 36 of known volume, 
which in turn leads by a tube 37 to a manometer 
38 for measuring the pressure in the system. 
This manometer may be filled with butyl 
phthalate 39 or other suitable liquid. A tube 40 
Connects the manometer to a tube 4 connected 
to an oil forepump 42. The tube 4 also is con 
nected to the tube 35 and is provided with a valve 
A3. 

Preliminary to carrying out the analysis, the 
equipment must be baked out by heating the cru 
cible above the normal operating temperature 
of about 1400° C. This baking may be carried 
out at a temperature of about 1800° C. for ap 
proximately 3 hours, until the gas evolved at 
the Operating temperature becomes negligible. 
During this preliminary evacuation of the sys 
ten, the forepump 42 is employed as well as the 
mercury pump 34. The steel sample to be ana 
lyzed is then placed in the arm 27 after closing 
the stop cock 28 and removing the cap 29. The 
cap is then replaced and the stop cock opened. 
The valve 43 leading to the forepump 42 is then 
closed but the mercury pump 34 is continued in 
Operation. The sample is moved along the arm 
27 by a magnet moved along the outside of the 
arm and the sample drops into the crucible 4, 
being guided in its descent by the funnel 5. The 
crucible is heated to a temperature of about 
1350-1600° C., preferably about 1400° C., during 
the vacuum fusion treatment. It is desirable to 
have previously put into the crucible a mixture 
of tin and iron which makes the melting of the 
sample and elimination of gases more rapid. 
Manganese in the sample vaporizes at the tem 
perature of extraction and condenses on the 
cooler portions of the furnace and head. The 
presence of tin in this condensed layer prevents 
or minimizes the absorption of gases by the 
manganese. A small amount of tin is preferably 
added before each successive analysis is made. 
The carbon dissolved in the molten metal will 

react with the various forms of oxygen in the 
sample to form carbon monoxide which is evolved 
along with nitrogen and hydrogen and collects 
in the reservoir 36 where its pressure is meas-- 
ured. The total volume of the nitrogen and hy 
drogen will be nearly constant from Sample to 
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3. 
For example, a typical open hearth steel may 
contain about w 

Per cent by weight 
FeO---------------------------------- 0.266 
Ha------------------------------------ 0.0019 
Na------------------------------------ 0.0006 

Therefore, knowing the volume of the reservoir 
36 and the pressure and temperature of the gas, 
the amount of Oxygen or Fe0 in the sample can 
be readily determined in accordance with the 
formula PV=NRT in which 

P=Pressure in atmospheres 
V=Volume in cc. 
N=No. of mols of gas 
R=Gas Constant 
T=Absolute temperature 

Since each of the factors except N is known, the 
equation may be solved for N (the number of 
mols of gas). In any regular steel making prac 
tice, such for example as the open hearth, Bes 
semer or electric furnace, it can be ascertained 
by previous experiments what approximate pro 
portions of nitrogen and hydrogen the steel con 
tains and this correction factor can be applied to 
determine the number of mols of carbon mon 
Oxide which were evolved from the steel Sample 
by the vacuum fusion analysis. Thus assume 
that having read the pressure as indicated by 
the manometer and having solved for N in the 
equation PV=NRT, N is found to have a value 

AS 
sume that the steel which was analyzed was open 
hearth steel and that from previous experiments 
it is known that in such steels the hydrogen is 
about 5%, the nitrogen about 3% and the oxy 
gen equivalent to about 92% of carbon monoxide 
based on the Volume of the total of these gases 
(nitrogen, hydrogen and carbon monoxide). 
The number of mols of carbon monoxide is, 
therefore, 0.00041. This corresponds to 0.00041 
no FeO. or 0.03 gran FeO ASSunning that the 
steel sample weighed 10 grams, this would mean 
that the Fe0 in the sample amounted to 0.3%. 
Of course, it will not be necessary in each in 

dividual analysis to figure out the percentage of 
FeO from the gas pressure as indicated by the 
manometer. These calculations can be figured 
Out previously, and a table or graph can be pre 
pared showing the relationship between the pres 
Sure as indicated by the nanometer and the per 
centage of Fe0 in the steel sample. In prepar 
ing the tables or graphs, different correction fac 
tors may be used which have been found from 
previous experience to apply to the particular 
type of steel making practice by which the sam 
ple was prepared. In this manner, it is only nec 
essary to subject the sample to a vacuum fusion 
treatment, read the pressure as given by the 

60 manometer and refer to a chart or graph to ob 
tain the approximate amount of FeO or oxygen 
in the steel bath. A deoxidizer or deoxidizers 
may then be add to the bath in accordance 
With the analysis, m 
The invention provides a rapid method for 

analyzing for total oxygen in a steel or iron bath 
without the necessity of converting aluminum 
into aluminum oxide by the oxygen of the bath. 
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sample in any regular steel practice. Also the 
volume of nitrogen and hydrogen is very small 
compared to the volume of carbon monoxide. s 

The vacuum fusion method may be carried out 
rapidly because no attempt is made in the par 
ticular analysis under consideration to analyze 
for hydrogen and nitrogen but only for carbon 
monoxide. Since the amounts of hydrogen and 
nitrogen are very small as compared with the 
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amount of carbon monoxide, and since the 
amounts of hydrogen and nitrogen contained in 
a steel made by any regular steel making pract 
tice can be determined beforehand, the use of a 
Correction factor for the hydrogen and nitrogen 
does not introduce a serious error into the meth 
Od of analysis for oxygen. 
The present method is so rapid that a sample 

may be taken from the steel bath, the analysis 
for oxygen made and a deoxidizer added while 
the bath is still in a molten condition. So far as 
I am aware, no other method is known for sam 
pling and analyzing steel for oxygen with suff 
cient rapidity So that deoxidizer can be added to 
the steel in controlled amount while the bath 
is still in molten condition. 
The invention has been particularly described 

in connection with the sampling and analyzing of 
Steel for Oxygen. The copper mold or a mold of 
other metal of high heat conductivity or the 
rapid method of chilling the molten steel sample 
may, however, be used in obtaining a sample of 
steel for analyzing for hydrogen. An important 
feature of the present invention is the very rapid 
chilling of the molten steel so as to prevent loss 
of the element for which the steel is to be ana 
lyzed during its solidification. 
Although I have illustrated and described a 

preferred apparatus and method, it is to be un 
derstood that the invention may be otherwise emi 
bodied or practiced within the scope of the foll 
lowing claims. 

I, claim: 1. A rapid method of analyzing oxygen in a 
steel bath, which comprises chilling a molten 
Sample of the steel so rapidly as to stop the re 
action between carbon and iron oxide, subjecting 
the chilled sample to a vacuum fusion treatment 
in which the total evolved gases are collected in a 
known volume reservoir and measuring the total 
pressure of said gases. 

2. A rapid method of analyzing oxygen in a 
steel bath, which comprises chilling a molten sam 
ple of the steel so rapidly as to stop the reaction 
between carbon and iron oxide, subjecting the 
chilled sample to a vacuum fusion treatment in 
which the total evolved gases are collected in a 
known volume reservoir and from the measure 
ment of total pressure only of said gases deter 
mining the amount of oxygen in the steel, where 
by the treatment of the steel bath from which 
the sample is taken can be controlled in accord 
ance with the results of the test. 

3. A rapid method of analyzing oxygen in a 
steel bath, which comprises chilling a molten 
Sample of the steel so rapidly as to stop the re 
action between carbon and iron oxide, subjecting 
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the chilled sample to a vacuum fusion treatment 
in which the total evolved gases are collected in 
a known volume reservoir, measuring the total 
pressure of said gases and applying a previously 
determined correction factor to compensate for 
other gases in determining the oxygen in the 
steel from said pressure measurement, whereby 
the treatment of the steel bath from which the 
sample is taken can be controlled in accordance 
with the results of the test, 

4. A rapid method of analyzing oxygen in a 
steel bath, which comprises chilling a molten 
sample of the steel so rapidly as to stop the re 
action between carbon and iron oxide, subjecting 
the chilled sample to a vacuum fusion treatment 
in which the total evolved gases are collected in a 
known volume reservoir and measuring the total 
pressure of Said gases, stopping the analysis with 
out separating the evolved gases from each other, 
and from the measurement of total pressure of 
said gases determining the amount of oxygen in 
the steel, whereby the treatment of the steel bath 
from which the sample is taken can be controlled 
in accordance with the results of the test. 

5. A rapid method of analyzing oxygen in a 
steel bath, which comprises chilling a molten 
Sample of the steel so rapidly as to stop the reac 
tion between carbon and iron oxide by forming a 
wedge shaped piece of steel by contact of the 
molten steel with walls of high heat conductivity, 
and Subjecting at least a portion of the chilled 
Sample to a vacuum fusion treatment in which 
the total evolved gases are collected in a known 
volume reservoir, measuring the total pressure of 
Said gases, and from the measurement of total 
pressure only of Said gases determining the 
amount of oxygen in the steel, whereby the treat 
ment of the steel bath from which the sample is 
taken can be controlled in accordance with the 
results of the test. 

6. A rapid method of analyzing oxygen in a 
steel bath, which comprises chilling a molten 
Sample of the steel so rapidly as to stop the reac 
tion between carbon and iron oxide by pouring 
it into a copper mold having a wedge shaped cav 
ity, subjecting the lower portion of the wedge to 
a vacuum fusion treatment in which the total 
evolved gases are collected in a known volume 
reservoir measuring the total pressure only of 
said gases, and from the measurement of total 
pressure of said gases determining the amount of 
oxygen in the steel, whereby the treatment of the 
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steel bath from which the sample is taken can 
be controlled in accordance with the results of 
the test. 
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