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70 all iu/wm it may concern:’
Be it known that I, A~xprew MiLLEr

- Farruig, a citizen of the United States, re-

siding at Copperhill, in the county of Polk

and State of-Tensnessee, have invented cer-

" tain new and useful Tmprovements in Meth-
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- tinuously introduced at the beginning of the

ods of Manufacturing Sulfuric Acid, of

which the following is a specification. -

‘My invention relates to processes for the
manufacture of sulfuric acid which use some.
compound of nitrogen (for example nitro-
gen oxids, nitrate of soda, or nitrie acid,.
hereinafter referrved to as. nitrogen-oxygen
compound) as a means for causing the oxi-
dation of sulfur dioxid in the presence of
moisture. As an example of such processes,
the method of manufacture known as the
chamber process may be cited.

Broadly speaking, the object of my inven-
tion is to so control the process that pre-
cisely that proportion of nitrogen-oxygen
compounds and sulfur dioxid may be con-

acid making apparatus, as will produce at
the end of such apparatus a mixture of the

- different oxids of nitrogen in that propor-
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-sumption of nitrogen compounds.

tion which will be most completely absorbed

in the apparatus for the absorption of oxids .

of nitrogen; the ultimate object being, by
inducing more complete recovery of the ni-
trogen compounds at the end of the-appa-
ratus, to effect greater economy in the con-
My in-
vention consists, broadly speaking (e) in
gaging or measuring the proportion of ni-
trogen compounds which have been intro-
duced at the beginning of the acid-making
apparatus, in relation -to the sulfur dioxid
present in the gases, by determining the per--
centage of sulfur dioxid in the gaseous mix-
ture, after the aforesaid nitrogen com-

pounds have been introduced’ (&) in ad-

justing the quantity of nitrogen compounds
introduced at the beginning of the appa-
ratus, to suit the requirements as indicated
by the aforesaid sulfur dioxid determina-
tions; and (¢). in an improved method for

‘determining the percentage of sulfur dioxid

in gas mixtures containing nitrogen-oxygen
compounds. - T - '

In the following detailed description of -

my invention, reference is made for the sake

of simplicity and clearness to only one type-
of those processes using nitrogen-oxygen

compounds in the manufacture of sulfuric

-.acid—namely, the chamber process. My

Specification of Letters Patent,

Patented Nov. 21, 1916.

: Applicatioﬁ filed February 25, 1815. Serial No. 10,508,

claims, however, are not to be understood
as restricted to the chamber process only,
but on the contrary I here state explicitly
that they are applicable to all processes in
which any nitrogen-oxygen compound or
compounds are used in the manufacture of
sulfuric acid. '

" As is well known, the five prominent ele-
ments of a chamber plant are: 1. The burn-
ers, or furnaces, for generating sulfur di-
oxid. 2. The niter plant, in which raw
nitrogenous material (usually NaNO,) is

_intreduced. 8. The Glover tower, in which

the chamber acid is concentrated, and the
nitrous vitriol is denitrated. 4. The cham-
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bers—the oxidizing, hydrating and condens-

ing apparatus. 5. The Gay-Lussac tower,
where the valuable oxids of nitrogen are re-
covered by’ conversion into nitrous vitriol.

other four parts of the apparatus in the

order named above. The percentage of sul-
. fur dioxid present in the gas (assuming no

dilution by air or other gases) remains con-
stant from the time of leaving the burners
until the niter plant is reached (or Glover

“The sulfur-bearing gas, generated in the*,]5

‘burners, or furnaces, passes  through the
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tower if there be no niter plant). There-

- after the percentage. of sulfur dioxid is

gradually reduced, as the gases traverse the
several parts of the apparatus, owing to the
constant oxidation of sulfur dioxid, induced
by the nitrogen compounds. This oxidation
of sulfur dioxid will proceed the mere.rap-

oxygen compounds introduced at the niter
plant and Glover tower, in proportion to the
sulfur dioxid admitted. The converse of
this is also true. The economical operation
of the process demands that such a quantity
of nitrogen-oxygen compounds be intro-

-duced at the niter plant and Glover tower as

will'induce oxidation of the sulfur dioxid in
the chambers at that rate of speed which is
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idly, the greater the guantity of nitrogen-
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found by experience to yield the most com- -

plete absorption of the oxids of nitrogen in
the Gay-Lussac tower. If too much of the

- nitrogen-oxygen compounds- be -introduced

at the niter plant and Glover tower, the oxi-

“dation of sulfur-dioxid will proceed so rap-
'idly as to permit an excess of nitrogen .
peroxid, above the desired proportion of

that gas to nitric oxid in the gases about to
enter the - Gay-Lussac tower, resulting in
inefficient operation of that tower, and es-
cape of unabsorbed oxids of nitrogen: into
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" the atmosphere. If, on the other hand, too
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little of the nitrogen-oxygen compounds be
introduced at the beginning of the appa-
ratus, the oxidation of the sulfur dioxid will
be so retarded that an excess of nitric oxid,
above the desired proportion, will exist in
the gases about to enter the Gay-Lussac
tower, resulting in inefficient operation and
loss of values as before. _ :
Prior to my invention, the means used to
indicate to the acid plant operator the pro-
portion of the oxids of nitrogen to sulfur
dioxid in the chamber gases gave tardy in-
formation, or were unreliable and inexact.
As examples of the best of such unreliable
means I mention (@) inspection of the color
of the chamber gases through glass windows
or “sights”; and (b) observance of the dif-
ference between the temperatures of -the
gases at certain fixed places in the chamber
system. -
(a) Sineo on aceor _
and fumes existing in the front chambers
it is impossible there to detect slight varia-
tions in the color of the gases, it 1s custom-

Since on account of the white mists

1,205,723

ary to view the color of the gases in an in-

termediate chamber or in-the last chamber,
where variations in shade are more easily
perceptible. Such information as is gained
from noting the color changes in these cham-
bers comes, however, too late to be of muck
practical use to the observer. For if any-
thing is wrong with the proportions of the

" various gases in the chambers, the fact is

85

not known until the chambers are full of
the troublesome gas mixture up to the point
of observation of the color of the gases, and
it is then impossible to apply the remedy in

. time to avoid losses in the Gay-Lussac tower.

40

Furthermore, observance of the differing
colors' of the chamber gases gives informa-

~ tion which is at best unreliable and inexact,
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“tatively.

and -incapable of being expressed quanti-
- (b) The observance of the differences be-
tween chamber temperatures is liable to lead
to erroneous: conclusions, and to the appli-
cation of improper remedies, because

‘changes in the temperature differences may

be due to a number of different causes, such

‘as.changes in the composition of burner gas,

- changes in the atmospheric temperature,

““rain,; or excessive or deficient supply of ni--

~ “‘trogen compounds. On this account the ob-
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servance .of temperature changes alone is

an.unsafe guide in regulating the chamber
_ process, and leads at times to serious losses. .
“This method of controlling the chambers is

60

" moreover an inexact method.

» B

- Prior/to my invention it was impossible

to regulate the proportion of nitrogen oxids
. to sulfur dioxid in the chambers by means
of chemical analysis of the chamber gases,

‘because, first, no reasonably accurate and
quick method was known, prior to my in- .

vention, of determining the percentage of
sulfur dioxid or of any other component of
chamber gas, with a sufficient degree of ac-
curacy and with at the same time sufficient
speed to be of practical use for the purpose;
and secondly, because prior to my discov-
ery it was not known that definite ratios
could be established between the percentage
of sulfur dioxid in the burner gas, and a
corresponding percentage of sulfur dioxid
desirable for any chosen point in the front
end of a chamber plant. It was impossible,
prior to my invention, to obtaln accurate,
definite, and immediate information regard-
ing the composition of the gas mixture
within the chambers, at the very beginning
of the acid-condensing system. Consequently
it was impossible to apply proper remedies
for existing trouble in the composition of
chamber gas immediately, intelligently, and
with certainty- of securing the desired re-
sults. In short, prior to my.invention the
proper proportion of oxids of nitrogen to
sulfur dioxid in the chamber gases could not
be accurately maintained by the means then
known, and consequently the proportion of
nitric oxid to nitrogen peroxid desirable in
the Gay-Lussac tower was not constant, and
values were lost, which by my process are
recoverable.

By the application of my invention, it is
now possible to maintain the correct pro-
portion of oxids of nitrogen to sulfur dioxid
in the chamber gases continuously, to cor-
rect immediately any. threatened excess of
either nitrogen oxids or sulfur dioxid, and
in this way to effect great economy in the
operation of the chamber process. Whereas
the old methods of controlling the chamber
process give tardy information, in time of
trouble, that something is wrong, my method
gives immediate information as to precisely

- what is wrong, and to what extent.:

The method which I have invented for

the indication of the proportion of nitrogen

oxids to sulfur dioxid in chamber gases, and
hence for the accurate control of the quan-
tity -of nitrogen compounds introduced at

the niter plant and Glover tower, consists

in the determination of the percentage of
sulfur dioxid in the chamber gases at any

<, point or points in the chamber system where

the percentage of sulfur. dioxid should be
normally more than seven-tenths of one per
cent. by volume (but preferably at a point
in the first half of the chamber space near
enough to the Glover tower to be reached
by the gases within twenty minutes or less

70

78

£0

35

90

95

108

113

120

after leaving that tower) and in the intelli- -

gent comparison of such determinations
with sulfur dioxid determinations made on
the gas at some other point or points in the
acid plant.

T have discovered that, at any given point

in the chambers or chamber gas connections
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near the Glover tower, or in the Glover
tower itself, the percentage of sulfur dioxid
in the gases bears a definite ratio to the per-

centage of sulfur dioxid in the burner or

furnace gases which are free from nitrogen

compounds, for any one grade of burner
gas, provided the oxids of nitrogen and the

sulfur dioxid in the chambers are main-
tairied in the proportion required to produce
the most complete recovery of nitrogen oxids
in the Gay-Lussac tower.” I have found fur-
ther that any excess of oxids of nitrogen
will be definitely indicated, by a decrease in
the sulfur dioxid ratio, below what is desir-
able; and conversely that any deficiency of
oxids of nitrogen will be definitely indicated
by an increase in the sulfur dioxid ratio,
above what is desirable; such decrease or
increase in the said ratio being an accurate
measure of the extent of the excess or de-
ficiency of nitrogen oxids. I have found

that, by adjusting the quantity of nitrogen

compounds, or of sulfur dioxid (or of both)
admitted to the chambers, in such a way as
to meet the requirements as indicated by the
sulfur dioxid determinations on -chamber
gas, at pre-determined points in the system,
1t is possible to maintain the desired propor-
tion of nitrogen oxids to sulfur dioxid in-
definitely, resulting in a marked increase in
the quantity of nitrogen oxids recovered in
the Gay-Lussac tower, and hence in much
greater economy of operation of the chamber
process. : v

To secure definite and valuable "results, it

" is only necessary to select a suitable point in
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the chamber system, to determine once for

all by repeated sulfur dioxid determina-
tions, what is the desirable ratio between the
percentage of sulfur dioxid at the point se-
lected and the percentage of sulfur dioxid in

.the burner or furnace gas, for each of the

various grades of burner gas (meaning by

“grade. of gas” its percentage of sulfur di-

oxid) and thereafter to so adjust the quan-

- tities of nitrogen compounds and sulfur di-
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oxid- admitted to the chambers as to main-
tain the desired sulfur dioxid ratio corre-
sponding to the particular grade of gas. .
I have ascertained that the nitrogen oxids
are absorbed in the Gay-Lussac tower most
advantageously when the percentage of sul-
fur dioxid in the gases about to enter the
Gay-Lussac tower is (under normal weather

conditions)  between fivé .one - hundredths

(:05) and fifteen one-hundredths (.15) of

~one per cent. by volume, the lower percent-

ages say .05 to .11 per cent. being desirable
in cold weather, and the higher percentages,
say .09 to .15 per cent. being desirable in
warm- ‘weather., I have found, moreover,

that while the desirable percentage of sulfur.

dioxid in the chamber gas, at any chosen
point in or near the Glover tower, will fluctu-
ate with fluctuations in the grade of the bur-
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ner gas, the desirable sulfur dioxid percent-

age in the gases about to enter the Gay-Lus-

sac tower 1s, within the limits specified, a
fixed quantity, regardless of fluctuations in
the grade of the burner gas. I have found
that the percentage of sulfur dioxid in the
gases about to enter the Gay-Lussac tower
can be maintained indefinitely within the
desirable limits above stated by establishing
and, maintaining. the desirable ratios be-

tween the percentage of sulfur dioxid in the-

gases at any chosen point in the Glover
tower, or front chambers, and the percentage

possible grade of burner gas. T have found
that sulfur dioxid tests made on the gases
comparatively near the end of the system,
for example those about to enter the Gay-

‘Lussac tower, in combination with sulfur
dioxid determinations made at a point or

points in the chamber system nearer to the
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of sulfur dioxid in the burner gas, for each -
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Glover tower (or even inside that tower) are |
a useful guide in determining the desirable

ratio in sulfur dioxid percentages, referred
to.above. And furthermore, I have found
that .sulfur dioxid determinations made. on
the gases comparatively near the end of the
system, for example those abeut to enter the

ay-Lussac tower, in combination with sul-
fur dioxid determinations made at a point

or points in the acid-making system nearer
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to the Glover tower (or even in that tower -

itself) are a useful guide in checking the
accuracy of the operator making the latter
determinations; and that therefore such a
combination of tests for sulfur dioxid is a

100

useful and valuable one in controlling the

acid making process, although with reli-
able tests at the front of the chamber system,
the sulfur dioxid tests at the back of the
system are not essential to economical oper-
ation. E _ o
At the time of making my early experi-
ments with the determination of sulfur
dioxid in chamber gas, I found that the
known methods for such determinations

were not at once sufficiently rapid and ac-.

curate to secure the results. desired. The
most rapid and convenient method was that
known as Reich’s method—the method in
commen use for the determination of sulfur

"dioxid in burner gas. According to this

method, the gas under examination is as-
pirated through water containing a meas-
ured quantity of standard iodin solution,

‘colored blue by starch solution, and con-

tained in dan “absorption bottle” provided
with two glass tubes, one long and one short;
the long one being connected by rubber tub-
ing to the chamber or flue containing the gas
to be treated, and the short one to the top
of a large bottle containing water, and fitted
as an aspirator by having an outlet for the
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water near the bottom, with rubber tube and -

regulating cock. Water is allowed to run
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from: the aspirating bottle into a measuring
cylinder, thus aspirating gas through the
absorption bottle. - The sulfur dioxid in the
gas reacts with the iodin in the absorption
bottle, converting the iodin into hydriodic
acid. When nearly all of the iodin has been
thus converted, the blue color of the absorp-
tion liquid will lose its intensity, and when
all of the iodin has been converted into hy-
driodic acid, the liquid will lose all trace of
color and become perfectly clear. When'

‘this happens the stopcock regulating the

flow of water from the aspirating bottle is
instantly closed. The volume of water col-
lected in the measuring cylinder is a meas-
ure of the volume of gas aspirated through
the iodin solution, and so of the percentage
of sulfur dioxid in the gas. By reference to
published tables the volume of water col-
lected may be readily interpreted into the
percentage of sulfur dioxid. Thismethod is

‘sufficiently accurate for burner gas, but when

applied to gases containing oxids of nitro-
gen, it is found that these oxids tend to de-
compose the hydriodic acid as formed in the
absorption - bottle, liberating free iodin
again. It is obvious that if the known quan-
tity of 1odin which is introduced into the ab-
sorption bottle for the purpose of making
an accurate assay be increased by an un-.
known quantity liberated by the oxids of.
nitrogen from the hydriodic acid formed in
the early stages of an assay or in a previous
assay, the results are vitiated. This libera-
tion of free iodin from the products of a pre-
ceding assay, or of the early stages of an as-

‘say, is attested by the prompt recurrence of

the starch-iodin blue color immediately

_ after that color has been discharged, when
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operating on gases containing oxids of ni-
trogen. The inference is that this liberation
of free iodin is progressing all the time that
the gas is being aspirated; hence that at
least more iodin is acted upon by the gas

than the measured quantity introduced for

the "assay; hence that more gas is drawn
through the absorption bottle than would
have been necessary to decolorize exactly

the amount of iodin introduced for the assay;

hence that the indicated result, in percentage
of sulfur dioxid, is too low. Furthermore,
duplicate tests made on the same gas in

“rapid succession will not, if oxids of nitro-
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gen be present, produce corrcborative re-
sults, thus indicating that the action of the
oxids of nitrogen in liberating free iodin is
uncertain and irregular, and cannot be cor-
rectly allowed for in calculating results.

In the front and intermediate chambers,
where the percentage of sulfur dioxid is
relatively high as compared with that of the
last chamber, it is usually possible, in ‘at-

tempting to make an estimation of sulfur .

dioxid by the ordinary Reich test, sooner or
later to discharge the blue color of the solu-

1,205,728

tion; but the indicated results will invaria-
bly be too low, and corroborative results can-

not be obtained. . The “end point” is uncer-

tain, and often the operator, when under the
impression, from the increasing paleness of
the solution, that the color is about to be
completely discharged, finds that the blue
color suddenly becomes more intense, in-
stead of continuing to fade. In the last
chamber, where the percentage of sulfur
dioxid approaches the minimum, it is often
entirely impossible to decolorize the solution
at all, so quick and effective is the action of
the oxids of nitrogen in restoring the iodin
in uncombined form to the solution, due to
the larger ratio of the higher oxids of nitro-
gen to sulfur dioxid therein.

It is therefore plain that the ordinary
Reich test fails to give accurate and reliable
indication of the SO, content when applied
to gases containing the oxids of nitrogen
present in chamber gas, and in the last
chamber of a sulfuric acid plant often fails
to give any indication whatever. However,
the Reich test, as applied to gases free from
oxids of nitrogen, is so convenient, rapid,
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‘and accurate, that it seemed the most desir-

able method possible for testing chamber
gas, if only some means could be found to
prevent the interfering action of the oxids
of nitrogen, without impairing the reliabil-
ity of the test. I have succeeded in.finding
such a means. '

I have invented an improvement in
Reich’s method forsulfur dioxid determina- 160
tions, by the adoption of which the recur-
rence of the blue color may. be either pre-
vented altogether, or may be so delayed as
ot to interfere with the accuracy of a test,
to any perceptible degree. My improve- 105
ment consists in the addition to the absorp-
tion bottle or absorption liquid, of a -

95

Reich’s or other sulfur dioxid determina-

tion apparatus, of a salt of some base
(either 1n solution or otherwise) such as 110
the carbonate, sulfate, acetate, or other salt
of potassium, sodium, zinc, or other base
(but preferably the acetate of sodium) to-
gether with a sufficient  amount ‘of acid
(for example, sulfuric, acetic, or hydro- 115
chloric acid or an acid anhydrid, said acid

being without oxidizing or reducing action

on hydriodic acid or iodin)- to render the
solution acid.

Without limiting myself to the exact ma- 120
terials or amounts given, I give the follow-
ing example of the solution to be used in
the absorption bottle: N/10 iodin solution,
1 c. c.; water, 100 c. c.; starch solution,
5-6 drops, and sodium acetate mixture, 10 125
¢. ¢. This “sodium acetate mixture” may be
prepared by adding one volume of acetic
acid (say 95%) to five volumes of saturated
sodium acetate solution,

I do not limit myself to the particular 130
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chemicals just mentioned, as the use of a
salt of any base in combination with an acid
oracid anhydrid (having no oxidizing or re-
ducing action) in the iodin test for sulfur
dioxid, would be but carrying out the prin-
ciple of my invention. By means of my
improvement in the Reich test for sulfur

dioxid it is possible at any time to make .

sulfur dioxid determinations in duplicate
on gas mixtures containing oxids of nitro-
gen which will check each other within one
one-hundredth (.01) of one per cent.—a de-
gree of accuracy which is not attained by
any other method for the analysis of such
gas mixtures, so far as I am aware. Since
my improved method requires no longer
time for its execution than the ordinary
Reich test, its value for the purposes here-

I have discovered that my ' imfitoved
method for making sulfur dioxid determi-
nations can be most usefully applied to my
hereinbefore described method of control-
ling the proportions of nitrogen oxids and
of sulfur dioxid, by means of sulfur dioxid
determinations on the chamber gases made
at a point comparatively near the Glover
tower, either at that one point alone, or in
combination with similar tests made on
gases containing nitrogen oxids at a point
or points nearer to the Gay-Lussac tower,
or even inside that tower,

Although I have invented the above de-
scribed improvement in the method of mak-
ing determinations of ‘the percentage of
sulfur dioxid in gas mixtures containing
oxids of nitrogen, which improvement I
have discovered to be useful in connection
with my improved method for the control
of processes for the manufacture of sulfuric
acid, I desire to state explicitly that my
improved method of controlling processes
for the manufacture of sulfuric acid, de-
scribed abiove, is not necessarily limited tothe
use of my own improved method for sulfur
dioxid determinations. . On the contrary itis
tobe clearly understood, that my invention for
the control of sulfuric acid processes com-
prises the use of sulfur dioxid determina-
tions made at any part of the chamber
system where the percentage of sulfur di-

~oxid, in gas mixtures containing oxids of
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nitrogen is normally more than seven-tenths
(.7) of one per cent. by volume (in what-
ever way such determinations may be made,
and regardless of whether such determina-
tions be made at one point only, or at more
than one point in the chamber system, or in
combination with similar tests made on the
gases comparatively near the end of the
chamber system, or about to enter or in the
bottom of the Gay-Lussac tower) for the
purpose of controlling the proportions of
nitrogen compounds and sulfur dioxid (or
either of these) admitted to the chambers.

S

While I have mentioned, in my descrip-
tion of the secondary or checking test on
gases containing oxids of nitrogen, that this
is applicable to the gases about to enter the
Gay-Lussac tower, which would normally
contain .05 to .15 per cent. sulfur dioxid, I
will state that this test can if desired be
made at other points in the latter part, say,
at least the latter third of the chamber
space. Thus this secondary or. checking

test. might be made on gases which woul

not reach the Gay-Lussac tower for as much
as fifteen or twenty minutes, or perhaps
even longer; and the normal percentage of
sulfur dioxid in the gases chosen for the
secondary test might be as high as .65 per
cent. or in some cases even higher. .Any
point in the latter part of the chamber sys-
tem where the desirable percentage of sul-
fuir dioxid remains substantially constant,
regardless of fluctuations in the percentage
of sulfur dioxid in the burner gas, may be
chosen for the secondary or”checking test,
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or for tests to be used in establishing desir-

able sulfur dioxid ratios.

The method of determining sulfur di-
oxid in gas mixtures such as those referred
to in the present application, namely mix-
tures containing sulfur dioxid and also con-
taining oxids of nitrogen, are not claimed
in the present application, but form the sub-
ject matter of my copending application
Ser. No. 80,037 filed February 23, 1916.

What I claim is:— :

1. In the manufacture of sulfuric acid,
the step of regulating the relative amounts
of nitrogen-oxygen compounds and sulfur’
dioxid introduced, in such a manner as to
maintain at a predetermined given place in
the acid-making system, a  predetermined
substantially uniform percentage of sulfur
dioxid in the gases, said percentage being
more than 0.7% by volume. :

2. In the manufacture of sulfuric acid,
the improvement which consists in deter-
mining that ratio between the percentages
of sulfur dioxid in the gases at two prede-
termined places in the acid-making system, .
best adapted to a commercially complete
absorption of nitrogen-oxygen compounds,
at least one of said places being located in
that part of the system where the normal
percentage of SO, should be over 0.7%, and
thereafter maintaining said ratio, by regu-
lation of the relative amounts of nitrogen-
oxygen compounds and sulfur dioxid intro-
duced into the system. : '

3. In the manufacture of sulfuric acid,
the improvement which comprises determin-
ing, by means of analyses of the gases at
a plurality of separated points of the acid
making plant, the proper ratio between the
percentage of sulfur dioxid in the gases
free from nitrogen-oxygen compounds en-
tering the acid making system, and the per-
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e
centage of sulfur dioxid in the gases con-
taining nitrogen - oxygen compeunds at a
predetermined point in the acid making
system where the percentage should nor-
5 mally .be more than 0.7% by volume, and
maintaining the proper ratio substantially

constant, by regulating the relative- amounts
of nitrogen-oxygen compounds and sulfur

tem. . : : R

4. In the manufacture of sulfuric acid,
~the improvement which comprises determin-
ing the proper ratio between the percentages
of sulfur dioxid in the gases free from ni-
trogen-oxygen compounds entering the acid-
making system, and the percentage of sul-
fur dioxid in the gases containing nitrogen-

10

15

oxygen compounds at a predetermined poing -

in or near the Glover tower, by means of
analyses of said gases, and maintaining said
ratio substantially constant by regulating

20

tlie relative amounts of nitrogen - oxygen.

compounds and sulfur dioxid introduced.

. 5. In the manufacture of sulfuric acid
the step of determining the proper ratio
for sulfur dioxid containing gases of differ-
ent grades, between the percentages of sul-

25

fur dioxid in the gases free from nitrogen--

oxygen compounds entering the acid making
system and the percentages of sulfur dioxid
in the gases containing nitrogen - oxygen
compounds at a predetermined place in the

30

acid making system where the percentage of
sulfur dioxid should normally bé more than

-85 0.7% by volume, and thereafter regulating
the amcunts of oxygen-nitrogen compounds
introduced, in accordance with the amount

and grade of said incoming: gases, in such

a manner as-to maintain the above men-.

40 tioned proper ratio corresponding to .the
‘particular grade of gas being employed.

6. The herein described method of con-

trolling the manufacture of sulfuric acid,
which . method comprises determining’ the

45 desirable ratio between the percentage of

. sulfur dioxid at any given point in a sul-_
furic acid plant, where the gas mixture nor-
mally contains nitrogen-oxygen compounds;:

- and the percentage of sulfur dioxid in the
50 incoming gases free from nitrogen-oxygen
~compounds, and in so regulating the rela-
tive amounts of nitrogen-oxygen com-
pounds and of sulfur dioxid supplied to the
apparatus, as to substantially maintain such
ratio, substantially as described.

7. In the manufacture of sulfuric acid,
the improvement which comprises determin-
ing the proper ratio between the percentages

85

of sulfur dioxid in the gases at two prede-

80 termined points in the acid making appara-

dioxid introduced into the acid making sys-
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tus, at least one of said points being located

in that portion of the system where the per-
centage of sulfur dioxid is normally over
0.7%, and thereafter maintaining said ratio
substantially constant, by regulating the rel- 65
ative” amounts of nitrogen-oxygen com- -
pounds and sulfur dioxid introduced into
the gases at the front part of the system.

8. The herein described improvement in
the manufacture of sulfuric acid, said im-"70
provement ~ comprising . determining the
amount of sulfur dioxid in the gases con-.

“taining nitrogen - oxygen - compounds at a

predetermined point comparatively near the
front end of the acid making system, and 75

‘détermining the amount of sulfur dioxid in

the gases ut a predetermined point compara-

tively near the Gay-Lussac tower or towers,

and so regulating the operation of the cham-

bers as to maintain a predetermined percen- 80

tage of sulfur dioxid in the gases at said last

mentioned. point. R
9. The improvement in the art of making

‘sulfuric acid which comprises making sul--

fur dioxid- determinations on gas mixtures 85

. containing oxids of nitrogen at any point in

a sulfuric acid plant where the percentage
of sulfur dioxid ‘would normally be more
than 0.7, thereby determining the ratio be-
tween the percentages of sulfur dioxid in 90

.the gases at different parts of a plant, and

proportioning the relative amounts of ni-
trogen compounds to sulfur dioxid in the
gases supplied to the.acid making appara- -
tus, so as to maintain said ratio substan- 95
tially uniform. S '

" 10. The herein: described improvement in-
the sulfuric acid manufacture, said improve-.
ment comprising the steps:of determining
at frequent intervals, the percentage of sul- 100
fur dioxid (a) in the gases at a predeter-

‘mined point in the acid making system and

near the front end thereof, and (b).in the-
burner gases which ‘contain no oxids of ni~

“trogen.and (¢) in the gases at a predeter- 105

mined ‘ point near the rear end of the sys-

“tem ; and regulating'the proportions of sul-
‘fur dioxid and of . nitrogen-oxygen com-
‘pounds’ admitted. to- the  chambers so as to

maintain that ratio between the percentages 110

“of sulfur dioxid at the points () and (b)

which will produce and maintain a desir-
able predetérmined. percentage of sulfur di-
oxid in the gases at the point (c).
In testimony whereof I affix my signature 115
in presence of two witnesses. :
ANDREW MILLER FAIRLIE.
- Witnesses :
Minvie Harmon,
W. A. CHANABERRY..



