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PROCESS OF MANG NERC AcD. 

The object of our invention is to provide 
a new method of manufacturing nitric acid. 
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In our specified and preferred process, 
which comprises features all of which are 
of advantage and importanos, but not all of 
which are essential to the successful execu 
tion of the process, there are continuously 
fed to one end of an elongated retort about 
equal quantities of sodium sulfate and 
sodium nitrate and the amount of sulfuric 
acid required to react with the sodium ni 
trate to form nitric acid gases and convert 
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the sodium nitrate to sodium sulfate with 
no, or a minimum. production of sodium 
acid sulfate. The retort is so differentially 
heated that the material relatively near the 
feed end of the retort will be subjected to a 
relatively low heat with resultant produc 
tion of a maximum proportion of gases 
yielding, on condensation, strong nitric acid, 
while the material relatively near the dis 
charge end of the retort will be subjected 
to the relatively high heat required to com 
plete the reaction of sulfuric acid and 

i5 sodium nitrate, with resultant production of 
gases (largely oxides of nitrogen from de 
composition due to high temperature) 
adapted, on condensation, to yield weak 
strength nitric acid. The different evolved gases are preferably separately withdrawn 
from the retort and separately condensed and 
absorbed. Inasmuch as the different gases 
are evolved in a single retort, the propor 
tions of different gases that are separately 
withdrawn may be regulated by applying 
suction at the separate gas outlets and vary 
ing the suction. The originally introduced sodium sulfate and the non-gaseous prod 
acts of the reaction between the sulfurig 
acid and the sodium nitrate (which, if the 
process is carefully conducted, will comprise 
mainly or wholly normal sodium Stilfate) are 
continuously discharged from the retort, and 
a part of this discharged material (about 
one-half) is conveyed back to the feed end 
of the retort and is used as the source of 
supply of the sodium sulfate which, together 
with the Sodium nitrate, is continuously fed 
into the retort. The retort is preferably 
heated by means of hot gases that are first 
brought into heat exchange relation with 
the retort at its discharge end and which 

nitrate. 
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flow along the retort in a direction oppo 
site to the direction of movement of the salts 
in the retort; more or less of the heating 
gases being by-passed during their fiow 
along the retort so as to provide heat zones 
in the retort of substantially diferent tem 
peratures, as above stated. The salts enter 
ing the retort should be preheated, and the 
waste heating gases may be utilized for this 
purpose. However, if, as above described, 
the sodium sulfate discharged from the re 
tort be utilized as the source of supply of 
the sodium sulfate which is continuously 
being fed to the retort, such sodium sul 
fate may be utilized to preheat the sodium 
nitrate with which it is mixed before enter 
ing to the retort, and the waste heating gases 
may therefore be used to supply any addi 
tional heat which it may be desirable or 
necessary to impart to the entering sodium 

The salts that travel through the 
retort should be agitated so as to maintain 
them in mixed condition and establish the 
most favorable conditions for reaction be 
{w?????' the sodium nitrate and the sulfuric 
8.ClCl, 

Different apparati may be employed to 
carry out our process. While, therefore, it 
should be understood that the successful 
execution of the process is not dependent on 
the employment of any particular appara 
tus, we herein disclose an apparatus which 
is well adapted to carry on the process with 
a high degree of efficiency and economy. 

In the drawings: 
Fig. 1 is a diagrammatic view, in sectional 

elevation, of such an apparatus. 
Fig. 2 is a cross-section on the line 2-2 of Fig. 1, also diagrammatic. . 
Through a brick setting a extends a rotat 

able cylinder b which serves as a retort. 
The retort is provided with a drive gear e 
which is driven from driving means not 
shown. Within the retort are angle plates 
d or other limeans for imparting additional 
agitation to the contents of the retort dur 
ing its revolution. The retort is provided 
with rings e. which revolve on trunnions 

80 

65 

70 

75 

80 

85 

90 

95 

109 
f with water cooled bearings within the 
setting cI. The retort may be inclined some 
what to the horizontal to effect a forward 
feed of the material, and internal contriva 





unnecessary, but is adyisable in that they 
complete the pulverization and improve the product. 
As the mixture nears the end zone, or hot 

, test zone, the reaction is relatively complete 
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and quality. 

material to traverse the retort 

the sodium nitrate is converted to normal 
sodium sulfate, and normal sodium sulfate is 
discharged from the retort. A part of the 
discharged material. for example, one half, 
is returned to the feed end of the retort and 
serves, through its heat content, to economi 
cally heat the ingoing Sodium nitrate. As 
hereinbefore stated, Waste heat from the fue 
gas is also ayailable to suppleinent the heat 
ing action of the sodium sulfate. 
Assuming that the initial charge of mate 

rial is about 4000 pounds, that this amount 
of material is maintained in the retort, and 
that the material is fed into the retolt at the rate specified, the length of time required for 

will be about 
four hours. 
The bulk of the reaction takes place near 

the feed end and at relatively low tempera 
tures, giving a high percentage of strong 
acid. Further toward the discharge end, and 
under the higher temperature conditions re 
quired to complete the reaction of Sodium 
nitrate to sodina sulfate, the nitric acid dis sociates, produleing yeak strength acid. 
All the nitric acid may be taken from a 

single exit, but this is highly inadvisable, 
and therefore separate gas exit flues 4 and v. 
are provided meer or at the feed eind and dis 
charge end respectively. Thereby mixing of 
nitric acid rases of widely different tempera 
tures is avoided. The number of gas exit 
fiues and their locatibn are matters for the 
judgment of those operating the apparatus. 
By applying suction to the gas exit flues and 
controlling the relative amounts of suction 
in the two ?lues, the amount of gas delivered 
at each end may be accurately controlled. 
From the foregoing description it will he 

understood that by regulating the factors of 
rate of feed, tenperature, etc., nitric acid 
may be continuously distilled with direct 
production, as a by-product, of normal so 
dium stifate (which has a substantial mar 
ket value) i contrast to the production, as 
in the usual frocess, of sodium acid sulfate 
(a product cit low value), and without waste 
of sulfuric acidi, as in the usual process. 
Even if the process he not carried out with 
the highost skill or under tille best conditions, 
so that somo acid sendium sulfate may be 
formed, the rocess presents advantages 
with respect to economy and continuity. 
Due to the Zones of progressively increas 

ing and readily controllable temperature, the 
nitric acidi produced is of desirable strengill 
The use of sodium sulfate in the reaction 

mixture is a factor that materially con 
tributes to the success of the process. 

:1,68,028 
The utilization of waste heat and of the 

heat of the discharging and reused sodium sulfate make the fuel economy high. 
After the process has continued for a short 

time, and if the desired differential tempera- 70 
ture conditions are maintained, the condi 
tions within the retort remain fixed. The 
pi (portii in of sodium sulfate in the retort is 
j}laintained at from about fifty per cent at 
the feed end to one hundred per cent at the 
discharge end. At any given point along the 
length of the retort, the composition of the 
Illixture (amount and proportion of each 
Salt), the temperature, and the gas composi 
tion remain unchanged. Once started, there 
fore, the operation requires a minimum of 
abor. 
There is, of course, heat transfer from one 

Zone of the retort to another, the effect of 
which, however, if the dampers are properly 
adjusted, is not to create, within the retort, a 
Iniform temperature, but a gradual increase 
of temperature from one zone to the next. 
in other Words, instead of distinct zones of 
different temperatures, there is a more or less 
gradual increase of temperature from one 
Zone to anothel', which is a condition more 
favorable to an economical and efficient prac 
tice of the process than distinct zones with 
abrupt temperature rises from one to an 
{other. 
Over the batch process that is in general 

lse. Our process has distinct advantages other 
than those hereinbefore pointed out. It is 
devoid of “critical' points such as “primes' 
and hence does not require “nursing”, like 
the batch system. The latter requires very 
careful heat regulation and an experienced 
fireanan for "pushing" and “holding the 
fires, whereas in our process the temperature 105 
conditions, once properly adjusted, need only 
be maintained constant. The alternate heat 
ing and cooling of the batch system is a se 
rious source of heat waste. Not only does 
our process avoid this waste of heat, but the i 10 
residual heat of the flue gases and the ab 
SOrbed heat of the discharging sodium sul 
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fate are both availed of to preheat the en tering salts. 
By reason of the continuity of the process, ll 5 

great economy may be attained in the instal 
lation of condensei's and towers for handling the nitric acid. 
While we have described, and hereinafter 

claim, the continuous feeding of salts and 120 
sulfuric acid into the retort and the con 
tinuous discharge therefrom of sodium sul 
fate. and while absolute continuity is con 
templated where it can be conveniently main 
tained, we do not mean to limit the process 125 
to absolute continuity as distinguished from 
such substantial continuity as would be af 
forded by intermittent admission and dis 
charge, but intend, in referring to the proc 
ess as continuous, to exclude batch treat- 130 

  

  



acid and sodium sulfate, the proportions of 
sulfate relative to nitrate that should be fed into the retort may be varied from that speci 
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ments and such substantial departures from feed end of the path to a relatively high 
literal continuity as would méintain substan 
tially variable, as distinguished from sub 
stantially fixed and constant, conditions in 
the retort. - 
While we prefer to feed into the retort 

about equal quantities of the two salts, and 
while the feed of sodium nitrate and the feed 
of sulfuric acid should be so proportioned as 
to insure the conversion of the highest pos sible proportion of sodium nitrate to nitric 

fied within rather wide limits. 
Having now fully described our invention, 

what we claim and desire to protect by Let 
ters latent is: - 

i. The process of making nitric acid which 
comprises continuously feeding sodium ni 
trate, normal sodium sulfate and uncom 
bined sulfuric acid to and along a confined 
path, subjecting said salts during their 
travel along said path to agitation and to 
differentiali heating varying from a rela 
tively low temperature relatively near the 
feed end of the path to a relatively high tem. 
perature relatively near the discharge end of 
said path, continuously discharging from 

30 said confined path the sodium sulfate admit 
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fed thereto and the sodium sulfate produced 
by the reaction of the sulfuric acid with the 
sodium nitrate, the proportion of sulfuric 
acid fed to said path being not substan 
tially in excess of the proportion theoreti 
cally required to produce nitric acid and 
normal sodium sulfate and the proportion 
of normal sodium sulfate fed to said path 
being sufficient to provide the conditions re 
quired to prevent conversion of substantial 
amounts of sodium sulfate to sodium acid 
Sulfate, and controlling said temperature to 
produce, by the reaction of the sulfuric acid 
with the sodium nitrate, gases, relatively 
near the feed end of the path, adapted to 
yield on condensation relatively strong nitric 
acid and gases, relatively near the discharge 
end of the path, adapted to yield on con 
densation relatively low strength nitric acid. 

2. The process defined in claim 1 compris 
ing also the latilizaton of the discharged salt 
as a Soil'ce of supply of the sodium sulfate 
that is fed to said confined path. 

3. The process of making nitric acid 
which comprises continuously feeding so 
dium nitrate, normal sodium sulfate and un 
combined sulfuric acid to and along a con 
fined path, subjecting said salts during their 
travel along said path to agitation and to 
differential heating varying from a rela 
tively low temperature relatively near the 

temperature relatively near the discharge evid 
of said path, continuously discharging from 
said confined path the sodium sulfate a digit 
ted thereto and the sulfate produced by the 
leaction of the sulfuric acid with the sodia. 
nitrate, controlling said temperatures to 
produce, by the reaction of the suifuric acid 
with the sodium nitrate, gases, relatively 
near the feed end of the path, adapted to 
yield on condensation rel?tively strorg ni 
tric acid and gases, relatively near the disc 
charge end of the path, adapted to yield 
on condensation relatively iow strength ini 
tric acid, and utilizing hot gases fron a si 
gle source to supply heat to the materis! in. 
said confined path, conveying a pari 
Said hot gases into hesi, exchange vestigia 
with said material and by by-passing the $8- 
mainder, a predominant proportion gí the 
first named portion of gases being coa Feyesi 
into heat exchange relation with the gate 

relatively near the discharge end of said 
ath. - . . . 

p 4. The process of making nitric acid which 
comprises continuously feeding sodiura ni 
trate, normal sodium sulfate and uncom 
bined suifuric acid to and along a confined 
path, subjecting said salts during their travel 
along said path to agitation and to differen: 
tial heating varying from a relatively low 
temperature relatively near the feed end of 
the path to a relatively high temperature 
relatively near the discharge end of said path, 
continuously discharging from said confined 
path the sodium sulfate admitted thereto 
and the sulfate produced by the reaction of 
the sulfuric acid with the sodium nitrate, controlling said temperatures to produce, by 
the reaction of the sulfuric acid with the so 
dium nitrate, gases, relatively near the feed 
end of the path, adapted to yield or con 
densation relatively strong nitric acid and 
gases, relatively near the discharge end of 

3. 
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the path, adapted to yield on condensation 
relatively low strength nitric acid, and sepa 
rately 
tively near the feed end of said path and 
gases produced relatively near the discharge 
end of said path. 

5. The process defined in claim 1 compris 
ing also the regulation of the relative pro 
portions of the separately withdrawn gases 
by applying suction to the gas outlets and 
controlling the degrees of suction. 

in testimony of which invention, we have 
hereunto set our hands at Philadelphia, 
Penna., on this 29th day of July, 1925, 

JAMES H. SHAPILEigH. 
CHARIES A BIGELOW. 
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