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To_all whom it may concern; .
* Be'it’known that I, FIxn Sparre, a subject

of the King of Norway, residing at Wil-

“mington, county of Newcastle, and State of
6 Delaware, have invented a new and useful

Improvement in Processes for Conversion of
 Lower Oxids of Nitrogen to Higher Oxids
" of Nitrogen, of which the following is a
full, clear; and exact description, reference
10 bemi had to the accompanying drawings,

which form a part of this specification.

In the nitration of cellulese and glycerin,
by. means of a mixture of nitric and sul-
furic acid, there are produced lower oxids
15 of nitrogen, such for instance as N,O,, which
" are of low value. These lower oxids ar-
dissolved by the acid and for the larger
-part form nitrosyl-sulfuric acid, in which
case one-half of the lower oxid is converted

20 into nitric acid, and the other half into.

nitrosylsulfuric acid which has no nitrating
value. - Thus at least one-half of the nitro-
in the lower oxids is in useless form.

f they could be cheaply and readily oxi-
25 dized, so as to form nitric acid, they would
at once become of the desired value. Usu-

ally the acids are used over and over again,

only being strengthened up by the addition
of‘zome gesh strong acid before each new
80 nitration. In this way the percentage of
lower oxids increases continuously and at
some time they have to bé removed. These

oxids can be remeoved and in part oxidized-

by certain, special distillations. Such oper-
85 atiop. and agparatus, however, are rather
expensive and & loss of fixed nitrogen takes
lace. Furthermore such processes would
ail in cases where the liquid to be.treated

" was a solution with lower oxids as a prin-
nent. I have discovered a new
rocess whereby these low oxids of nitrogen
n_ solution may be converted into nitric

. Speaking generally, the process by which
I obtain tge result is to subject the lower

oxids. of nitrogen in solution to the action

of exy produced by an electric current.
" It would be impossible to produce the result
by merely passing a current.of electricity

_vantage to have the
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in solution for the reason that while oxygen .
would be produced at one electrode n?ﬁe

source of current supply, hydrogen would

be produced at the other electrode of the

source of current supply and the actions of 55
these two would neutralize each other, caus--
ing the oxids of nitrogen solution to ramain
constant, not considering possible secondary
reactions. I have discovered that if [ pass
this current of electricity through -water, 60
made conductive to the electric currert for

- instance acidulated water, and oxids of ni-

trogen solution, when the acidulated water
and the oxids of nitrogen solution are sepa-.
rated from one another but electrolyi ica%y
communicating for instance by a diaphra

' or semipermeable material, and when the
| positive electrode is placed in the chiumber

containing the oxids of nitroFen solution,
that.the oxygen produced will pass to the 70
oxid of nitrogen solution, increasing it oxy-

gen content. It is further advisable in this

osite sides

process that the pressure on o
the same

of the separating material shal

' in -order that there shall be no resistaiice to 75

the free passage of the ions in each direc-
tion, and also to prevent material dif'usion
of the oxids of uitrogen solution inio the
chamber containing the negative.elecirode.
By semipermeable material, I mean a porous 80
material, with such pores as to permi; pas- -
sage of ions and to some extent of vyater,
but refusing or making difficult passage of -

lar%er molecules, such as nitric aci¢. and -
sulfuric acid. - Such semipermeable material 85
may be unglazed earthenware; if very po- .
rous it may be made less porous by methods

known in the art, such as forming precipi-

tates in the pores. There is no disaivan- .
tage that some water passes through the 90

sefparating material and enters into the oxids
of nitrogen solution: Usually it is of ad-
‘ ressure on the ‘water
chamber a little higher than in the other
chamber, thereby passage of oxids of nitro- 95 -
gen are prevented further. Furthermore, it
13 necessary_ that the oxids of nitrogen so-
lution contain water. If the solution is very
strong, say less than 5% water, it may be

656

60 through the oXids of nitrogen to be treated | advisable to add water to assist the elec- 100
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" the anodes or the

trolysis. As the electric current decomposes
the water, dilution will not take place as the

result of a moderate addition of water, say.

10%. The voltage of the electric current
should be high enough to produce oxygen,
but not exceed this voltage materially.
About 5 volts is found satisfactory, but the
voltage may be lower or higher, and de-

nds on the concentration .of the solution,
1ts temperature and upon the construction

of the apparatus. The strength.of the cur-

rent depends on the apparatus, time of op-
eration. desired, and quantit;
nitrogen, so that specific information can-
not be given. - o ‘

A high current density is necessary for
roper oxidation will not

. take place, while the current density on the

20

cathode should be quite low, for instance,
anode density between three hundred and

~ fifteen hundred amperes per sq. dm. prefer-

25

30

' the electrolytic liquid is heated by the cur-

ably one thousand, while the current density
on the cathode should be say, between five
amperes and one tenth of one ampere to the
sq. dm. preferably below one ampere. As

rent, means of cooling should be provided.
The temperature.should be below 40° C. or
the _oxidation may be lessened. Preferabl
it should be below 25° C., but above 10° g
~ In the accompanying drawings apparatus
is shown for carrying out my process. .
In these drawings: Figure 1 is a plan

" view of one form of apparatus. Fig. 2is a

85

vertical section of the same on.line 2--2,

Fig. 1. Fig. 3 is a vertical section of an--|

other form of apparatus. Fig. 4 is a

r—
" spective view of the negative electrode. ﬁg-.—

40

48

"Bisa

erspective view of the
trode shown in Fig. 3. : -

In Figs. 1 and 2, ¢ is a cylindrical tank,
having a central chamber 3, the wall ¢ of
which is_formed of the semipermeable ma-

‘terial described. In the tank a is placed the

oxids of nitrogen” solution to be: treated,
and in the chamber 5 is placed acidulated
water. Preferably the tank « is closed; a
stirring arrangement A may be. placed in

tank_a with a view of bringing fresh un-

50
56
80

treated solution to the positive electrode.
The water is acidified preferably ‘with sul-
furic acid, say 50% by weight. As the spe-
cific gravity of the oxids of nitrogen solu-

- tion 1s greater than the specific gravity of

the water, the wall ¢ of the chamber b i
extended above the main tank & to a height
sufficient to give a pressure on. that side of
the wall ¢ equal to the pressure of the. oxid
of nitrogen solution on the opposite side, or

‘even a little higher pressure. The wall ¢
of the chamber & should be impermeable. to

the solutions above the level of the oxids of

nitrogen solution so as to prevent the.dilute |

sulfuric acid from passing through-the wall
where no counter pressure exists. While the

of oxids of

positive elec- | uric a S
ST { to time, it can be determined when all the

1,008,388 '

sgt;ciﬁc gmvity of the acidified water is only
a

ut, say 1.40, the specific gravity of nitrat-
ing acids containing oxids of nitrogen is about
1.7 to 1.8. From a suitable source of cur-
rent supply, electric wires d and ¢ are car-
ried, the wire d leading from the positive
pole of the source of current supply and the
wire ¢ from the negative pole of the source
of current supply. The wire d terminates

-~

the oxids of nitrogen solution and is prefer-
ably of platinum. The area of the positive
_electrode or anode is governed by a number
.of amperes used and may, as a rule, be

. merely a coiled platinum wire or other ar-

rangemeént giving a relatively small area.
The wire ¢ terminates in a cyIYindrical sheet
of lead or aluminum g, graphite may also
be used as cathode material in the cliamber
6. The area used is to be governed by the
current and, as a rule, a coiled sheet is used
so as to give a large area. When current is
generated, the oxygen ions produced pass
through the wall ¢ and increase the oxygen
content of the oxids of nitrogen, transform-
ing thém into nitric acid, while the hydro-

. ﬁen ions pass into the chamber b and pro-

uce no counter-effect upon the oxids of ni-
trogen, but escape from the chamber % as
hydrogen gas. Platihized platinum has been
' found advantageous as anode. material, as
- it allows the use of a low voltage. The
- temperature during the electrolysis .should
neither be too high.nor too low; it may be
allowed to raise to say 30°.C., while 10° C.

in an electrode £ in a tank e, extending into

70

K

80

90

95

100

is rather low for. economical work. . The -

“higher temperature causes smaller resistance

“to the current and less formation of per-
sulfuric acid. By taking samples from time

 lower oxids of nitrogen have been converted
-to the higher oxid, or N,O,, at which time
' the operation is stopped and the acid re-
:moves‘, now consisting only -of nitric acid
and the solvent. .-~
. In the construction shown
vessel or tank ¢ is formed into two chambers
by the semipermeable partition j which is
removable from the vessel <.
first filled with the oxids of nitrogen solu-
- tion to the level of the point where the semi-
' permeable partition rests.. Then the parti-
tion is put into position and the upper por-

- tion of the vessel 7 filled with the acidu--

lated . water. The electrode % in the oxids

in Fig. 8 the .

108

19

The vessel is
138

120

of nitrogen solution and the electrode Z in

the acidulated water solution are similar to
those -’u‘sed%n .the apparatus shown in Fig.
1. . The wire . leads to.the electrode ¢
while ‘the wire n leads to the electrode k.
This wire n is insulated where it. passes
through the acidulated water solution..

. In order to maintain the oxids of nitrogen
-solution at the desired temperature, I pro-
vide the water jacket o. o

128

19



1,000,388

p is an’ inlet pipe to the water jacket and

¢ an outlet or discharge pipe. Water. or.

other cooling liquid is circulated by these
. pipes p and ¢ through the water jacket sur-
-~ g rounding the tank a; © - - ‘

To prevent or reduce undesirable pol'avri‘-‘ ‘

zation the anode or electrode in the oxids of
nitrogen solution may be provided. with
means: for rotation. ‘ o ‘
30 Having now fully described my inven-
tion, what I claim and desire to protect by
Letters Patent is: ‘ ’

1. The method of treating oxids of nitro-.
gen in solution to increase their oxygen con-.

15 tent, which consists in passing a current of
electricity through said oxids of nitrogen
~solution and water, containing an electro-
".lyte between' electrodes in the respective
solutions, the current density on the elec-
20 i:lxzocllie in the oxids of nitrogen solution being
. high. - ‘ 1 ‘

gen in solution to increase their oxygen con-
- tent, which consists in passing a current of
gp electricity through saig oxids. of nitrogen

. solution and acidulated water, between elec-

- trodes in the respective solutions, the cur-
rent density onthe electrode in the oxids
. of nitrogen solution being high. ,

80 3. The method of treating oxids of nitro-
gen in solution to increase their oxygen con-
tent, which consists in' passing a current of
“electricity through - said oxids of nitrogen

" solution and water, containing an electro-
85 lyte between electrodes in the respective
" solutions, the current density on the elec-
trode in the water being low. .

4. The method of treating oxids of nitro-

_. . ‘gen in solution to increase their oxygen con-

40 tent, which consists in assii:g a current of
electricity through' saig -oxids of nitrogen
solution and acidulated water, between elec-
trodes in the respective solutions, the cur-
rent density on the electrode in the acidu-

45 lated water beinglow. . . .
- ;5. The method of treating oxids of nitro-
-~ gen in solution to increase their oxygen con-
~ tent, which consists in passing a current of
~ electricity through said oxids of nitrogen
50 solution and water, containing an electro-

lyte between electrodes in the respective

~ solutions, the current density on the elec:

. trode in the oxids of nitrogen solution being

. above one hundred amperes to the sq. dm.

85 6. The method of treatin oxids of nitro-

gen in solution to increase their oxygen con-

tent, which consists in 'passing a current of
electricity ,throt:fgh aaig ~oxids of  nitro

- gsolution and acidulated water, between elec-

69 trodes in the respective solutions, the cur-

rent density on the electrode in the oxids of

~ nitrogen solution being above one hundred

1. The method of treating oxids of nitro-

88 gen in solution to increase. oxygen con-

3. The method of treatin .ox,idsy of nitro-
-high, and the. current -density on the elec- -

to the sq.

tent, whxchconmsts lngmss acul‘rent of
electricity through said oxids of nitrogen

solution and- water, containing an electro--
lyte between eldctrodes ' in ‘the ' respective -
solutions, and current density on'electrocle. 30
in, 'tgglwater- being below ten amneres to.the

8. The method of treating. oxids of nitr-.

| gen in solution to increase their oxygen con-
“tent, which. consists in passing-a current of 7&

electricity through said oxids of nitrogen

“solution and acidulated water, between ele:-
trodes in the res

rode tive solutions, the cu-
rent density on electrode in the acidulated

water being below ten amperes to the sq. dn. ‘80

9. The method of treating oxids of nitro-
gen in solution to increase their oxygen cor-
tent, which: consists in passing a current ¢f
electricity through saisoxi 3. of .nitrogen-
solution ‘and , water, containing an electro- 85
lyte between electrodes in' the. r tive

 solutions, the currentdensity on' the elec-

trode in the oxids of nitrogen solution being

trode in the water low. R 0
--10. The method of treating oxids of ni- -
trogen in solution to-increase their oxygen-
content, which consists in passing a current
of electricity ,through‘-saié) ~oxids of nitrc-
gen solution and acidulated water, between 98-
electrodes. in the respective solutions, the:
current density on the electrode in the oxids

of nitrogen solution being high and the cui-

rent density on the electrode in the acidu-

lated water low. = 100 “ .

11. The method of treating oxids of ni-
trogen in solution to increase their oxygen
content, which consists inpassing a cur-
rent of electricity through said oxids of

‘nitrogen solution and water, containing an 108

electrolyte between electrodes in the respec-
tive solutions, the current density on ths
electrode in. the oxids of nitrogen solution
bein(ﬁnabove‘ one hundred .amperes to. tha
5q.

. and the current density on the elec- 110

trode in the water below ten amperes t>
thesq. dm. .= ' ..o oo

-12. The method of treating oxids of mi-
trogen ‘in solution to: increase their: oxygen
content, which consists in passing a cur-
rent of electricity through said oxids of ' .

assing ns

nitrogen :solution and scidulated. water, '

between electrodes in the respective solu-
tions, the current density on the elec-

trode in the oxids of nitrogen solu. 180'

tion being above one hun . aIpere: -
‘and the current density on tho
electrode in the acidulated water below tern -
amperes to the -

§ .dm. s R T
18. The methﬁ.oftmtingpxids of ni- 135

trogen in solution to increase their oxyger:
content, which consists in xassi%'a‘ curren’;

of electricity through said oxids of nitro. =
gen solution and water, containing an elec.

trolyte while the solutions are in eletrol ytw'l” ‘\‘ s




10

connection with each other and maintaining

the temperature of the oxids of nitrogen
solution between 15° C. and 40° C.

" 14. The method of treating oxids of ni-

ogen in solution to increase their oxygen
content, which consists in sa.ssmg a cur-
‘rent of electricity through said oxids of nitro-
gen solution and acidulated water, while the
solutions are in electrolytic connection with

each other, and maintaining the tempera- |

e

-

© 1,008,383

ture of the oxids of nitrogen solution be-
tween 15°.C.and 40°C.,  ° - -

" In testimony of which invention, I have -
hereunto set my hand, at Philadelphia, on -
this 8rd day of September, 1907.

Witnesses: , S

M. M. Hammuron,
A M O,




