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PROCESS OF MAKING NITRIC ACID.

The object of our invention is to provide

- @ new method of manufacturing nitric acid.
In our specified and preferred process,
which comprises features all of which are

5 of advantage and importance, 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
10 sodium nitrate and the amount of sulfuric
© acid required te react with the sodium ni-
- trate to form nitric acid gases and convert
the sodium nitrate to sodium sulfate with
no. or a minimum, production of sodium
acid sulfate. The refort is so differentially
heated that the material relatively near the
feed end of the retort will be subjected to a
relatively low heat with vesultant produc-
tion of a maximum proportion of gases
vielding, 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
5 sodinm nitrate, with resultant production of
gases (lavgely oxides of nitrogen from de-
composition due to high temperature)
adapted, on condensation, to yield weak
strength nitric acid. The different evolved
b gases are preferably separately withdrawn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

5 withdrawn may he vegulated by applying
suction at the separite gas outlets and vary-
ing the suction.” The originally introduced
sodium sulfate

" acid and the sodium nitrate
process is carefully conducted, will comprise
mainly or wholly normal sodium sulfate) are
continuously discharged from the retort, and
a part of this discharged material {about

b one-half) is conveyed back to the feed end
of the retort and is used as the source of
supply of the codivm sulfate which, together
with the sodium nitrate, is continuously fed
into the retort. The retort is preferably

) heated by means of hot gases that ave firgt
brought into heat cxchange relation with
the retort at its discharge end and which

{which, if the

nitrate,

and the -non-gaseous prod-
ucts of the reaction between the sulfurie-

Application filed August 5, 1825. Serial No. 48,216.

flow along the retort in a direction oppo-
cite to the direction of movement of the salts
in the retort; more or less of the heating
gases being by-passed during their flow
along the retort so as to provide heat zones
in the retort of substantially different tem-
peratures, as above stated. The salts enter-
ing the retort should be reheated, and the
waste heating gases may ge utilized for this
purpose. However, if, as above described,
the sodinm 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
nhecessary 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-
t-w'egen thie sodium nitrate and the sulfuric
acid.

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 parficular ‘appara-
tus, we herein disclose an apparatus -which
1s well adapted to carry on the process with
a high degree of efficiency and economy.

In the drawings:

Fig. 1is a diagrammatic view, in sectional
elevation, of such an apparatus. -

Fig. 2 is a cross-section on the line 2—9
of I'ig, 1, also diagrammatic. .

Through a brick setting @ ektends a rota-
able cylinder » which serves as a retort.
The retort is provided with a drive Sear ¢
which is driven from driving means not
shown. Within the retort are angle plates
@ or other means 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

55

60

65

70

75

80

85

80

95

109

f with water cooled bearings within the -

setting ¢. The retort may be inclined some.
what to the horizontal to effect g forward
feed of the material, and interns] contriv-



o about twenty feet in length and

set in -diameter, ‘is filled, to .2
epth of about a foot or so, with dry sodium
te, say, for example. 4000 pounds, . The
is started, before or after loading, and

e dampers are adjusted so as to pro-
duee the desired reaclion temperatures in
different zones of the retort. ~ For example,
the retort may be so differentially hested
that the charge adjacent the feed end of the
petort will be at approximately 300° T,
while the charge in succeeding zones will be
heated to progressively higher temperatures,
until, in the final zone, the charge will ‘be
heated” to o temperature of approximately
550° . These examples are merely prefer-
ential.  The possible extreme range of tem-
perature of the charge would be probably
trom substantially cold at the feed end to
: 5 vas  almost any temperature short of the melting
may he by- od throuoh part or all of the point of sodium suifate at the discharge end.
rth oi fie Toth fnes communicate The number of heat zones and the tempera-

4 stack (w0t tures in theseveral zones are matters for de-

 termination by those practicing the process.
! wpers, dif-  These factors may vary with the strength of
may have im- acid desived to be produced, the amount of
teraperatul wlts 1n the retort at any ons time, the: rate
acter is an of feed of salts and sulfuric acid into the re-
cort, the Jength of the retort; the temperature

o materizl when it enters the retort, and

the length of time required for the ‘material
o iraverse the retort.  In the example which
e are giving, the salts, sodium sulfate and
sodinm nitrate, are continuously fed inte the
vetort at the rate of about 500 pounds of each
oer hour. The selts are preferably
1 bafore entry into the retort and they
rably preheated, by ‘means here-
» deseribed, to any suitable tempera-
ag, Tor example, e temperature APProxEi-
ating the temperature in the first zone of
stort, so- that an immediate reaction
within the retort when the acid comes
\tact with the nitre. Sulfuric acid is
sraved into the retort, near its feed end, at
1 rate of sbout 288 pounds per hour and
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in sueh marnner that it is distributed in the
b mixture. This amount of sulfuric seid
spacified is about that theoretically reguired
to resct 'with the specified amount of sodinm
ate to produce nitric acid and norinal
sodinin- suliste.
. Sinee the sodium nitrate is initially at 2
w between the re- good reaction temperature, pitric seid "gas

rate ab which the nitric acid gas is driven
off decreases, the progressively higher ter-
porature zones offset largely the Tate yé-
‘om. - Furiher, the sodium sulfate dots
ilwent and, together with the quick re-
ion rate, keeps the mass in o velatively dry
d more or less fres from balling,

a conversion ot the nifrate
1 soditon sulfat £ zodivm
ig insuz " balis s

ic given off rapidly at the start. Ag the

=Y

80

85

90

ub

10w

105

110

124

136



unnecessary, but is advisable in that they,
complete the pulverization and improve the

product.

As the mixture nears the end zone, or hot-

" lest zone, the reaction is relatively complete
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- and quality.

“material to treverse the rotort

of sulfuric acid, as

the sodium nitrate is converted to norma)

sodium sulfate, and normal sodinm sulfate is -
discharged from the retort. A part of the

discharged material, for example, one half,
1s returned to the feed end of the retort and
serves, through its heat coatent, to economi-
cally heat the ingoing sodium nilrate. As
hereinbefore stated, wasts heat from the flue
gas is also available to supplement the heat-
ing ection of the sodinm sulfate. _
Assuming that the initial charge of mate-

rial is about 4000 pounds, that this amount

of material is maintained in the retort, and
tnst-the material is fed into the retort 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
urder the highex temperature conditions re-
quired to complete the reaction of sodium
nitrate to sodium sulfate, the nitric acid dis-
sociates, produeing weak strength acid.

All the nitrie adid may be taken from a
single exit, but this is highly inadvisable,

and therefore séparate gas exif flues % and v.

are provided nedr or at the feed end and dis-
charge end respectively. Thereby mixing of
mitrie acid gases of widely different tempera-
tures is avoided. The number of gas exit
flues 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 flues, the amount of gas delivered
at each end muay be accurately controlled.
From the foregoing description it will be
understood that by regulating the factors of
rate of feed, temperature, etc., nitric acid
may be continuously distilled with direct
production, as a by-product, of normal so-
dium s=iate {which has a substantial mar-
ket value) in contrast to the production, as
in the usual process, of sodium acid suliate

’

(& product ¢f low value), and without waste

Even if the process
the highest skill or under the hest conditions,
o that some acid sodinm sulfate may he
fermed, the process presenis advantages
with respect to.economy and continuity,
Due to the zones of progressivelv increas-
ing and readily controllable temperature, the
nitrie acid produced is of desirable strength

The use of sodium sulfate in the reaction
mixture is a factor that materially con-
tributes to the success of the process.

1,858,023

in the usual process.
be not carried ont with

.

~The utilization of waste heat and of the

heat of the discharging and re-used sodium
sulfate make the fuel economy high.

. After the process has continued for a short
time, and if the desired differential tempera-

ture conditions are maintained, the condi-

tions within the retort remain fixed. The
proporticn of sodimn sulfate in the retort is
maintained at from about fifty per cent 2t
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
mixture {amount and proportion of each
salt), the temperature, and the gis composi-
tion remain unchanged. Once started, there-
fore, the operation requires a minimum of
fabor. :

There is. of course, heat transfer from one
zone of the vetort to another, the effect of
which, however, if the dampers are properly
adjusted, is 1ot to create, within the retort, a
uniform temperature, but a gradual increase
of temperature from one zone to the next.
In other words, instead of distinet zones of
different temperatures, there is a move or less
gradual increase of temperature from ong
zone to another, which is a condition more
favorable to an economical and efficient prac-
tice of the process than distinct zones with
al)]x-upt temperature rises from one to an-
uther.
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Over the batch process that is in general '

ise, our process has distinet advantuges other
than those heveinbefore 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
fireman for “pushing” and “holding” the
fires, whereas in our process the temperature
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
residual heat of the flue gases and the ab-
sorbed heat of the discharging sodium sul-
fate are hoth availed of to preheat the en-
tering salts. ' o

"By reason of the continuity of the process,
great economy may be attained in the ihstal.
lation of condensers and towers for handling
the'nitrie acid. '

While we have described. and heveina fter
claim, the continnous feeding of salts and
sulfuric acid into the retort and the con-
timnous discharge therefrom of sodinm sul-
fate. and while absolute continuity is com-
templated where it can be conveniently main-
tained, we do not mean to
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-

o .
ess as continuous, to exclude batch freat-

limit the process .
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ments and such substantial departures from
literal continuity as would m&intain 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

~acid and sodiwm sulfate, the proportions of
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sulfate relative to nitrate that should be fed
into the Tetort may be varied from that speci-
fied within rather wide limits. ‘ v

Having now fully described our invention,
what we claim and desire to protect by Let-
ters Patent is:

1. 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
differential heating varying from a rela-
tively low temperature relatively near the
feedend of the path to a relutively high tem-
perature relatively near the discharge end of
said path, continuously discharging from
said confined path the sodium sulfate admit-
ted 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 preduce nitric acid and
normal sodium sulfate and the proportion
of normal sodium sulfate fed to said path
being sufficient to provide the conditions re-
guired 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
vield on condensation relatively strong nitrie
acid and gases, relatively near the discharge
end of the path, adapted to yield on con-
densation relatively low strength nitric acid.

9. The process defined in claim 1 compris-
ing also the utilizaton of the discharged salt
as a source 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-
diwm nitrate, normal sodinm sulfate and un-
combinaed sulfuric deid 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

1,658,028

feed end of the path to a relatively high
temperature relatively near the discharge snd

of said path, continuously discharging irom

said confined path the sodium sulfate adimit-
ted thereto and the sulfate produced by the
reaction of the sulfuriec acid with the sodium
nitrate, controlling said temperaturss o
produce, by the reaction of the sulfuric acid

with the sodium nitrate, gases, relatively ¥

near the feed end of the path, adapisd io
yield on condensation relgtively strong ni-
tric acid and gases, relatively mear the dis-
charge end of the path, sdapted fo yisld

on condensation relatively low strength ni- 3

tric acid, and utilizing hot gases from o sin-
gle source to supply héat to the materis
said confined path, conveying w pord
said hot gases into hest exchangs.v
with said material and by by-pussing the ¢
mainder, a predominant proportion ¢f the
first named portion of gases being conveyed
into heat exchange relsiion with the mate-
riall relatively nesT:the discharge end of said
ath. ' S
P 4, The process of making nitric acid whick
comprises continuously feeding sodium ni-
trate, normal sodium sulfate and uncom-
bined sulfuric acid to and along a confined
path, subjecting said selts 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 rYelatively high temperaiure
relatively near the discharge end of said path,
continuously discharging from said coriined
path the sodium sulfate admitted thereto
and the sulfate produced by the reaction of
the sulfuric acid with the sodium niirale,
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
the path, adapted to yield on condensation
relatively low strength nitric acid, and sepa-
rately withdrawing gases produced rela-
tively near the feed end of said path and
gases produeed relatively near the discharge
end of said path.

5. The process defined in claim’ 1 compris-
ing also the regulation of the velative 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 haye
hereunto set our hands at Philadelphia,
Penna., on this 29th day of July, 1525

JAMES H. SHAPLEIGH.
CHARLES A. BIGELOW.
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