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This invention relates to the determination of 
the amount of sulphur contained in metals such 
aS iron and Steel and also other materials such as 
the slag from open-hearth steel furnaces. 
The Sulphur content of Such materials has 

been determined heretofore by the combustion 
of a powdered sample. in Oxygen, and simultane 
Ously titrating iodometrically the SO2 evolved. 
The conventional practice, however, requires 
from 20 to 30 minutes for each determination 
and the constant attention of an analyst through 
out that time. In addition, it involves con 
siderable possibility of error because the titration 
is performed by comparison with a standard 
blue. Powdered iron cannot be used, further 
more, to cover a slag sample as is desirable to 
accelerate the combustion of the Sulphur, because 
the evolution of SO2 in the presence of iron is 
so rapid that it is practically impossible to main 
tain by successive additions the excess of iodate 
Solution needed to absorb the SO2 completely. 
It is accordingly the object of our invention to 
provide a method and apparatus requiring a 
minimum of time and attention, permitting the 
use of powdered iron on the sample and capable 
of producing more accurate determinations than 
have been possible heretofore, 

In a preferred embodiment and practice, we 
provide titration apparatus and a combustion 
furnace having an oxygen Supply controlled by 
automatic timing means Whereby the combustion 
stage of the process, when once initiated, Con 
tinues to completion without further attention. 
The SO2 evolved is caused to bubble through a 
titration cup containing an acidified starch Solu 
tion and an excess of a compound which releases 
iodine in the presence of acid, e. g., an iodine 
salt such as KIO3. After completion of the Com 
bustion and the combination of all the evolved 
SO2. With the iodine in the solution, the excess 
iodine is back-titrated by the addition of a 
matched standard solution of a compound Which 
combines with iodine, Such as Na2S2O3, until the 
normal blue color of the starch-iodate Solution is 
just completely discharged. The sulphur con 
tent may then be read from the volume of the 
thiosulphate solution required for the back-titra 
tion. The entire process can be completed in 
about six minutes and the accuracy of the re 
sults is materially greater than that of previous 
methods. Only the titration requires special at 
tention but this may be accomplished in a short 
time. 
A complete understanding of the invention may 

be obtained from the following detailed descrip 
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2 
tion and explanation which refer to the accom 
panying drawings illustrating the present pre 
ferred embodiment. In the drawings: 

Figure i is a diagrammatic elevation, with 
parts in section, showing the apparatus; and 

Figure 2 is a chart showing the operating cycle 
of the automatic timer. 
Referring now in detail to the drawings and, 

in particular, to Figure 1, the apparatus there 
shown includes a combustion furnace of any 
Suitable type having, for example, electric-re 
Sistance radiant heating elements and a tubul 
lar muffle 2 extending therethrough. A for 
aminous shield 3 about midway of the muffle is 
adapted to receive a combustion boat 4 contain 
ing a sample of the material the sulphur content 
of which is to be determined. Oxygen is supplied 
to the muffle 2 from a cylinder 5 through hose 
sections 6, 68, 6b and 60. Manual regulat 
ing valves 7 and an electromagnetic spring 
closed shut-off valve 8 are connected in series 
between sections 6 and 68. A drier 9 com 
posed of a plurality of bottles containing suit 
able moisture absorbents is connected between 
sections 6 and 6b. A fitting 20 having a 
pressure gauge 2 is connected between sections 
6 and 60. Section 6 is connected to a plug 
2 removably disposed in the right-hand end of 

muffle 2. 
Furnace O is provided with an indicating 

pyrometer 22 and red and green signal lights 
23 and 24. These lights and valve 8 are con 
trolled by an automatic timer 25 in a manner to 
be explained later. The timer is of a known 
type available Commercially so it is unnecessary 
to describe it in detail. It comprises essentially 
a motor-driven contact drum adapted to close 
and open circuits in a predetermined sequence 
when once started by operation of a push-button 
26 and, after going through its cycle, to stop it 
self in starting position. A push-button 2 per 
mits the timer to be stopped at any point if de 
sired, in case of emergency. 
The left-hand end of muffle i2 is reduced and 

is connected by hose and tube links 28 to a nozzle 
29 suspended in a titration cup 30 and discharg 
ing downwardly therein. Cup 30 has a drain 
cock 3 f and a waste connection 32. Reagent 
bottles 33, 34 and 35 mounted on any convenient 
support such as a shelf 36 contain, respectively, a 
Solution of a compound which releases iodine 
in the presence of acid, such as an iodate, an 
acidified starch Solution and a matched Solution 
of a compound which combines with iodine such. 
as a thiosulphate. The precise composition and 
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concentration of these solutions will be given in 
detail later. Bottles 33 and 35 are connected 
by hose and tube links 338 and 35, to the lower 
ends of self-filling burettes 3 and 38, respec 
tively, adapted to supply measured quantities of 
solution to cup 30. Bottle 34 has a delivery pipe 
34a leading to the cup with a stop cock 39 therein. 
The cup and burettes are mounted on any Suit 
able supports, not shown. Waste connections 40 
extend from the overflow chambers 3 and 38 
on the upper ends of the burettes. 
The method of our invention utilizes the known 

effect of SO2 in discharging the normal blue color 
of a, starch-iodine mixture by combining with 
the iodine. Instead of the conventional prac 
tice of titrating the mixture continuously as 
SOa is evolved and absorbed therein, by adding 
an iodate in solution to maintain a given Stand 
ard blue, however, we start with an excess of 
iodate in solution and, after combination of all 
the evolved SO2 with the iodine in the mixture, 
We back-titrate by adding a compound which 
combines With iodine to cause the blue color of 
the mixture to be fully discharged. Our invenir 
tion thus has an endpoint which may be detected 
much more accurately than a given shade of blue 
may be maintained in the starch-iodine mixture 
by the conventional practice. 

Before proceeding with a detailed explanation 
of the method of our invention, it is necessary to 
give the composition and concentration of the 
several solutions employed. The reagent in 
bottle 34 is a solution containing Sufficient starch 
to exhibit the typical blue color in the presence 
of iodine and sufficient acid to cause a reaction 
with an iodate and an iodide to produce iodine 
for combination with the SO2 evolved on con 
bustion of the sample in boat . In order to 
prepare the acidified starch Solution, we first 
make up a stock solution of starch by dissolving 
6 g. of soluble starch in 1000 ml. of boiled dis 
stilled Water. We then take i80 ml of the Stock 
solution and add it to 1000 ml. of water. The 
resulting solution is acidified by the addition of 
a concentrated acid, e. g. 15 ml. of HCl, and 
used to fill bottle 34. 
The standard iodate solution is made up by 

dissolving .72 g. of an iodate such as KIO3, 350 
g. of an iodide Such as KI, and .8 g. of an alkali 
Such as KOH, in 4000 a. of boiled distilled Water. 
The resulting solution is used to fill bottle 33. 
The KI Serves to stabilize and the KOH main 
tains the solution slightly alkaline. 
The Standard thiosulphate solution matched 

to equal the concentration of the iodate solution 
is made up by adding 4.95 g. of Na2S2O3 and .4 
g. Of Na2CO3 to 4000 ml of boiled distilled Water. 
The preferred practice of our invention in de 

termining the Sulphur content of a material such 
as open-hearth furnace slag is carried out by 
placing in boat 4, exactly 1. g. of the slag in 
finely powdered form. The sample is then cow 
ered with 1. g. of powdered iron of known sulphur 
content. Stop cock 39 is then opened to admit 
about 50 ml. of the acidified starch solution from 
bottle 34 to cup 38. A predetermined quantity, 
i. e., 7 ml. of the standard iodate solution is then 
added to cup 3) from burette 37. This causes 
the starch solution to turn blue because of the 
free iodine released by the reaction of the iodate, 
iodide and acid. With the furnace at a tempera 
tre between 2300 and 2400 F., preferably about 
2350 F., plug 28 is renoved and boat 4 is in 
Serted in muffle 2. Plug 2a is then replaced 
and push-button 26 is operated. This starts the 
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timer 25 which is set to open Valve 8 after a 
short period allowed for preheating the Sample. 
Preheating is not essential but is usually desira 
ble to insure complete combustion of the Sulphur. 
Valves are adjusted to cause OXygen to flow 
from tank 5 through muffle 2 at the desired 
rate, e.g., about 2 liters per minute when valve 
8 is opened. 
As shown graphically in Figure 2, timer 25 

energizes red light 23 as soon as it starts in re 
sponse to operation of push-button 23. A short 
time later, say in about 1.5 minutes, the timer 
energizes the magnet of valve 8 causing the 
latter to open. The resulting flow of oxygen Over 
the preheated Sample and the powdered iron Cow 
ering it causes oxidation of the Sulphur in both 
the sample and the covering. The SO2 thus 
formed flows through nozzle 29 and bubbles up 
Wardly through the starch-iodate solution, partly 
discharging the blue color thereof by combining 
with the iodine. When the flow of oxygen has 
continued for a time sufficient to oxidize the Sul 
phur present in the sample and its powdered iron 
covering, say about 3.5 minutes, timer 25 operates 
to de-energize red light 23 and energize green 
light 24. This signifies to the analyst that the 
Oxidation or combustion stage of the process is 
completed and that the titration may be effected 
whenever convenient. Valve 8 remains open, 

self in starting position. 

40 

5 5 

however, for Several minutes longer, say 5 min 
utes, whereupon the timer de-energizes the mag 
inet of the valve, permitting it to be closed by its 
restoring Spring, and also light 23, then stops it 

The continued flow of 
oxygen - thus effected insures that all the SO2 
formed will be carried over to cup 36 and re 
leased in the starch-iodate solution. It will be 
apparent from the foregoing that the apparatus 
requires no attention from the analyst after the 
Operation of push-button 28 until it is convenient 
for him to perform the titration. 
The bubbling of SO2 through the solutions in 

Cup 33 results in a reaction with the iodine there 
in, partially discharging the blue color thereof. 
After completion of the combustion as explained 
above, it is only necessary to add to cup 39 suffi. 
cient Na2S2O3 from burette 38 to cause the last 
trace of blue to disappear, leaving the solutions 
colorless. The amount of standard thiosulphate 
Solution required to do this indicates the sulphur 
content of the sample and the powdered iron 
covering. The actual sulphur content of the 
Sample, of course, is the total indicated sulphur 
less the known Sulphur content of the powdered 
iron covering. The total sulphur content may 
be read directly from burette 38 if it be calibrated 
from bottom to top as shown. Thus a burette 
reading of 3.6 ml. indicates .036% sulphur. 

60 

75 

The foregoing procedure requires slight modi 
fication if the sample has a sulphur content ex 
ceeding .07% since, in that event, the 7 ml. of 
iodate Solution initially added to the starch acid 
Solution will not afford an excess leaving some 
remainder to be titrated by the addition of 
thiosulphate. This condition will be indicated, 
of course, by the discharge of the blue color of 
the mixed Solutions before all the SO2 has been 
evolved. In that case, it is necessary to make a 
Second run using, Say 14 ml. of iodate solution. 
If the blue color persists after completion of 
combustion and is then discharged by the addi 
tion of 3.6 ml. of thiosulphate, for example, the 
total Sulphur content of the sample and covering 
is .036--.07 or .106%. If the blue color is still 
discharged before completion of combustion, an 
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additional 7 ml of iodate should be added to a 
fresh quantity of starch Solution and a further 
run made and so on until the blue color persists 
after all the SO2 has been evolved. If after add 
ing, say 14 m), of iodate solution, the Sulphur 
Content, turns Out to be lower than .07 and m0re 
than 7 ml. of thiosulphate is required to reach the 
end point, an adjustment must be made figuring 
that each 7 ml of thiosulphate offsets 7 ml. Of 
iodate, to secure a direct reading. Alternatively 
the Sulphur content in any case is given by the 
difference between the total amounts of iodate 
and thiosulphate solutions used. 

After completion of the titration, cup 30 is 
drained by opening cock 3. The boat 4 is re 
moved from the furnace and the apparatus is 
then ready for the next run. 
When a Sulphur determination is to be made 

On a high-Sulphur slag, it is preferable to use 
only .5 g. thereof as a sample. The procedure is 
Otherwise the same as that explained above. The 
indicated Sulphur content (after deducting that 
of the powdered iron covering) must be doubled, 
however, because of the Smaller sample used. 
Usually 14 ml. of iodate solution will be required 
to maintain an excess thereof after completion 
Of combustion of a slag sample. 
When a sample of iron or steel is to be analyzed 

for Sulphur content, it is subjected to the process 
described above, after being finely pulverized as 
by an air hammer, but no covering of powdered 
iron is necessary, of course, since the finely di 
vided condition of the sample will cause rapid 
combustion thereof in Oxygen. 
Our invention is characterized by numerous 

advantages some of which have already been 
mentioned, i.e., the greater accuracy and the re 
duction in the amount of time and attention re 
quired. The use of a powdered iron covering 
Over the sample which is desirable to accelerate 
the evolution of SO2 and reduce the required fur 
nace temperature, is permitted without requir 
ing the close attention heretofore necessary, 
amounting almost to a practical impossibility, 
to keep the titration up with the SO2 evolution. 
That is to say, our invention permits advantage 
to be taken of the iron covering without impair 
ing the accuracy or requiring the exercise of 
extreme care in titration. This results from the 
fact that in our invention, the titration is not 
performed simultaneously with the combustion 
but only after combustion is complete and all 
the SO2 evolved has combined with the iodine. 
The concentrations of the iodate and starch so 
lutions are such as to maintain the dissociated 
iodine stable under varying conditions of SO2 
evolution, 
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Although we have disclosed herein the pre 
ferred practice of our invention, we intend to 
cover as well any change or modification therein 
which may be made without departing from the 
spirit and scope of the invention. 
We claim: 
In a method of determining the Sulphur Con 

tent of a sample of material, the steps including 
adding to an acidic starch Solution a predeter 
mined amount of a Solution containing iodine 
in excess of that needed for combination. With 
all the sulphur in the sample covering the 
Sainple With powdered iron, heating the Sample 
to a temperature above 2300 F. in the presence 
of oxygen thereby effecting combustion of the 
sulphur contained in the sample, conducting the 
gaS from Said combustion through said solution 
thereby causing combination of the sulphur di 
Oxide in Said gas and some of the iodine, then 
adding to the Solution, a solution of a sulphur 
COIpound until the color of the starch Solution 
is wholly discharged, and noting the quantity of 
the solution of sulphur compound so used. 

GAYLORD HERBERT HAL WORSON. 
ELMER HERMAN LUTZ. 
JOHN FOSMARK SWENSEN. 
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