
30 

40 

0 

Reissued Dec. 10, 1940 

UNITED STATES 

Re. 21,657‘ 

PATENT OFFICE 
21,657 

C'YCLIC' PROCESS FOR THE PRODUCTION OF 
I NITROPARAFFINS 

Jerome Martin and Edward B. Hodge, Terre 
Haute, Ind., assignors to Commercial Solvents 
Corporation, Terre Haute, Ind., a corporation 
of Maryland 

No Drawing. Original No. 2,150,123, dated March 
7, 1939, Serial No. 187,407, January 28, 1938, 
Application _for reissue June 14, 1940, Serial No. 
340,624 

8 Claims. 

Our invention relates to a. process for the pro 
duction of nitroparaf?ns by the vapor phase ni 
tration of para?in hydrocarbons and, more par 
ticularly, to an improved process of this nature 
in which unreacted materials are recycled. 
The nitration of para?in hydrocarbons such 

as ethane, propane, butane and the like, is most 
advantageously carried out in a continuous va 
por phase process, as described in U. S. Patents 
1,967,667 and 2,071,122 of H. B. Hass et al. In 
accordance with this process, gaseous hydrocar 
bons and nitric‘ acid vapors, or nitrogen dioxide, 
are reacted in a heated reaction chamber to 
produce nitroparafflns. It has been suggested 
in the patents of Bass _et al. ‘that this process 
may be operated in a cyclic manner by remov— 
in: nitropara?ins from the reaction products by 
condensation, converting the oxides of nitrogen 
to nitric acid, and recycling the remaining 
gases. We have found, however, that when op 
erating in accordance with this procedure, the 
conversions secured during. recycling are much 
lower than can be obtained with fresh reactants, 
especially when calculated on the basis of the 
nitric acid introduced; and that both the con 
versions and yields, based on the recycled hydro 
carbons, are substantially lower than can be ob 
tained with fresh hydrocarbons. ' 
We have now found that one of the controlling 

causes of these lower yields and conversions is 
the presence of normally liquid, water soluble 
materials, especially aldehydes and ketones, in 
the reaction products. We have found that such 
materials persist in the exit gases after conden 
sation, to remove nitroparafiins, and. even after 
treatment with alkali solution to remove unre 
acted nitric acid, but that such materials can 
be entirely removed by an e?icient scrubbing of 
the gases with water or other aqueous media. 
We have further found that the removal‘ of these 
materials, and particularly aldehydes and ke 
tones, is facilitated by the use of a relatively 
strong acid solution for scrubbing the gases. 
Sulfuric acid scrubbing is particularly e?icient 
in this respect, but the removal of all of the 
aldehydes and ketones by this method consumes 
a considerable amount of sulfuric acid, and for 
economical reasons we therefore prefer to em 
ploy a combination of water scrubbing and sul 
furic acid scrubbing. ‘ 
We have found that aldehydes and ketones are 

present in the reaction products of the nitration 
reaction in concentrations as high as 4 gm. 
moles per 100 cu. ft. of the exit gases, even after 
condensation at 15° C. and 30 lbs. per sq. in. 
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pressure to remove nitropara?ins and other nor-' 
mally liquid reaction products. The aldehydes 
and ketones which are present constitute those‘ 
having‘ the same number of carbon atoms as the; 
para?‘in hydrocarbon being nitrated, and usually 
all of the lower homologues of such compounds. 
On recycling such- materials in the nitration 
process, nitric acid is preferentially consumed in 
the oxidation of these materials, rather than in‘ 
the nitration reaction. Since a higher molar 
ratio of nitric acid is required for this type of re 
action than for nitration, it may readily be seen 
that the presence of even less than 1%, by vol 
ume, of aldehyde and ketone vapors in the gases 
being recycled can account for greatly dimin 
ished conversions in the nitration reaction. 
In the operation of our process, the reaction 

products, after removal of the nitropara?ins, are 
contacted with the aqueous scrubbing medium 
in any suitable apparatus for contacting gases 
with liquids. Packed columns, bubble. cap col 
umns and other known apparatus for this pur 
pose may be satisfactorily employed. Duplicate 
scrubbing apparatus may be employed alter 
nately to secure continuous operation, but this 
is more e?iciently secured by continuously pass 
ing the gases counter-current to the scrubbing 
liquid, which is likewise continuously introduced 
into the apparatus. 
The amount of scrubbing liquid required, per 

unit volume of gas, will of course depend upon 
the initial concentration of water soluble mate 
rials in the gases and upon the e'?‘lciency of con 
tact between the gases and liquid secured in the 
apparatus. When water alone is employed as 
the scrubbing liquid,‘ and no attempt is made to 
recover the materials scrubbed out, it will of 
course be economically possible to employ a large 
excess of water to insure adequate removal of 
the undesirable materials. However, if it is de 
sired to recover the aldehydes and ketones, or if 
sulfuric acid or some other more vexpensive 
scrubbing liquid is employed, it will be desirable 
to utilize the minimum quantity for efficient re-. 
moval of the undesired compounds. In such 
cases the rate of flow of the scrubbing liquid 
through the apparatus may be controlled in ac 
cordance with the concentration of aldehydes 
and ketones in the gases leaving the apparatus. 
However, for this purpose it will usually be suf 
?cient to follow the rate of conversion based on 
nitric acid secured in recycling the scrubbed 
gases, since the conversion will be lowered by the 
presence of water soluble materials in the gases. 
The amount of water required per unit vol 
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ume of gas will of course also depend upon the 
solubility of the materials being scrubbed out. 
Thus in the nitration of the higher para?in hy 
drocarbons, the higher aldehydes and ketones 

5 produced are less water soluble than are the 
lower molecular weight aldehydes and ketones 
produced in the nitration of the lower hydro 
carbons. However, it will be found that this 
factor is largely offset by the more emcient re 
moval of the higher molecular weight com 
pounds, by condensation simultaneously with the 
removal of the nitropara?ins prior tothe'scrub 
bing treatment. 
The temperature to be employed in the scrub 

bing operation is not critical and may be varied 
over a considerable range. Ordinary tap water 
temperatures are satisfactory for _ a scrubbing 
operation, and temperatures of 10-30‘ C. may 
satisfactorily be employed both for water scrub 

20 bing and for sulfuric acid scrubbing. Increased 
temperatures in general increase the solubility 
of: the materials which it is desired to scrub out, 
and for this reason tend to improve the e?iciency 
of'the' scrubbing operation. However, when em 
ploying water as the scrubbing 'medium, the in 
creased vapor pressure of the aldehydes and 
ketones tend to offset this advantage. In the 
case of sulfuric acid scrubbing, the aldehydes 
and ketones are destroyed by the action of the 
acid and relatively high temperatures may there 
fore be employed without danger of aldehydes 
andiketon'es being present in the exit gases 
The scrubbing operation may be carried out at 

atmospheric pressure, or at increased pressures, 
and may'suitably be effected at the pressure em 
ployed for the nitration reaction. In such case 
the entire system may be maintained under the 
reaction pressure, and the treated gases may then 

0., be directly recycled at that pressure. The effect 
40 of increased pressure on the scrubbing operation 

is not pronounced, and is much less than the ef 
fec‘t'?o'f such increased pressure on the removal of 
normally liquid products in the initial condensa 

i... tion together with the nitroparamns. The de 
45 crease in concentration of aldehydes and ketones 

in‘the gases following condensation at high pres 
sures thus decreases the scrubbing requirements 
for'the complete removal of residual products of 

l... this nature. 50' In scrubbing with sulfuric acid, the concentra 
tion of the acid employed may be any concen 
tration su?iciently high to destroy the aldehydes 
and ketones absorbed in the solution. We have 

, found that’concentrations of 25-75%, by weight, 
55 are “satisfactory for this purpose, but concentra 

tions even outside this range may be employed, if 
desired. In general, low concentrations require 
more prolonged contact time of the gases with the 

I , scrubbing liquid to insure complete removal of the 
"lio‘aldehydes and ketones. As in the case of water 

scrubbing, the‘ e?iciency of the scrubbing opera 
tion may be checked by determining the amounts 
10! aldehydes and ketones in the exit gases, or by 

, determining the rate of conversion in the nitra 
‘65 ,ltion, reaction when utilizing recycled gases, and 

the amount and concentration of the scrubbing 
‘liquid may be regulated accordingly. 

_ Our invention may be illustrated by the follow 
ing speci?c example. . 

of‘: _ ~ Example ' 

‘ The reaction products from the nitration of 
propane with nitric acid were passed at 30 lbs. 
per sq; in. pressure through a condenser main 
tained at approximately 15° C., vto remove the 

'75 ‘nitropara?ins and the bulk of the water vapor. 
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The resulting gases were then passed successively 
through two bubble cap columns, through which 
water was ?owed countercurrently to the gas 
stream. The rate of ?ow of water was the same 
in both columns, and the rate of ?ow of the gases 
was approximately 40 cu. ft. of gas per gallon of 
water per hour in each column, or 20 cu. ft, of gas 

- per gal. of water per hour, for the total scrubber. 
The gases entering the scrubber contained ap 
proximately 3.3 g. moles of aldehydes and ketones 
per 100 cu. ft., and the exit gases contained ap 
proximately 0.3 g. mole per 100 cu. ft. The exit 
gases were then passed through a packed column 
containing 70% sulfuric acid solution, at the rate 
of approximately 20 cu. ft. of gas per gallon of 
scrubbing liquid per hour. The exit gases from 
this scrubber were found to be free from aldehydes 
and ketones. 

It is to be understood, of course, that the above 
example is illustrative only and does not limit the 
scope of ‘our invention. It is evident that the ab 
sorption of aldehydes and ketones in the water 
scrubbing step in the example does not approxi 
mate the limit of solubility of these materials, so 
that with more e?icient apparatus, less water 
would be required per unit volume of gas. Vari 
ous other modi?cations of procedure will of course 
be apparent to those skilled in the art, as for ex 
ample the use of sulfuric acid scrubbing following 
only partial scrubbing with water, as would be ac 
complished in passing the exit gases from the first 
water scrubber of the example to the sulfuric acid‘ 
scrubber. ‘ 

It is also to be understood that our invention is 
applicable generally to the removal of normally 
liquid, water soluble materials from the reaction 
products of the vapor phase nitration of para?in 
hydrocarbons, and is not limited to treatment of 
the speci?c reaction products employed in the 
above example. Our invention is particularly 
adapted to the treatment of the reaction products‘ 
from the nitration of the lower para?ln hydro 
carbons such as ethane, propane, and butane, but 
is also applicable to vapor phase cyclic processes 
for the nitration of any of the other paraffin hy 
drocarbons. Similarly, ourv water scrubbing pro 
cedure may be combined with other steps for the 
puri?cation of the gases for recycling in nitra 
tion reactions, and other scrubbing liquids which 
will destroy residual aldehydes and ketones may 
be substituted for the sulfuric acid solution as a 
secondary scrubbing medium. In general, it may 
be said that any modifications of procedure, and 
the use of any equivalents which would naturally ; 
occur to those skilled in the art, are included with 
in the scope of our invention. 
Our invention now having been described, what 

we claim is: 
1. In a cyclic process for the nitration of lower , 

alkanes, the steps which comprise removing lower 
nitro-alkanes from the gaseous mixture resulting 
from the nitration of said lower alkanes and sub 
iectlng the remaining gases to scrubbing with an 
aqueous medium, to remove substantially all of. 
the aldehydes and ketones, and introducing at 
least the unreacted alkane constituents of the 
resulting gases into the reaction mixture for a 
succeeding cycle. 

2. In a cyclic process for the nitration of lower * 
alkanes, the steps which comprise removing lower 
nitro-alkanes from the gaseous mixture resulting 
from the nitration of said lower alkanes and sub 
jecting the remaining gases to water scrubbing 
at temperatures of 10-30" C. to remove substan- -' 
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tially all the aldehydes and ketones, and intro 
ducing at least the unreacted alkane constituents 
of the resulting gases into the reaction mixture 
for a succeeding cycle. ‘ 

3. A cyclic process which comprises nitrating 
lower alkanes, removing lower nitroalkanes from 
the gaseous mixture resulting from the nitration 
of said lower alkanes and subjecting the remain 
ing gases to water scrubbing, followed by sulfuric 
acid scrubbing to remove substantially all of the 
aldehydes and ketones, and introducing at least 
the unreacted alkane constituents of the result 
ing gases into the reaction mixture for a succeed 
lng cycle. 

4. In a cyclic process for the nitration of lower 
alkanes, the steps which comprise removing lower 
nitroalkanes from the gaseous mixture resulting 
from the nitration of said lower alkanes and sub 
jecting the remaining gases to water scrubbing, 
followed by scrubbing with 25-70% sulfuric acid, 
to remove substantially all of the aldehydes and 
ketones, and introducing at least the unreacted 
alkane constituents of the resulting gases into the 
reaction mixture for a succeeding cycle. 

5. A cyclic process which comprises nitrating 
ethane, removing lower nitroalkanes from the 
gaseous mixture resulting from the nitration of 
said lower alkane and subjecting the remaining 
gases to water scrubbing, followed by sulfuric 
acid scrubbing to remove substantially all of the 
aldehydes and ketones, and introducing at least 
the unreacted ethane constituent of the resulting 

' gases into the reaction mixture for a succeeding 
cycle. 

3 
6. A cyclic process which comprises nitrating 

propane, removing lower nitroalkanes from the ' 
gaseous mixture resulting from the nitration of 
said lower alkane and subjecting the remaining 
gases to water scrubbing, followed by sulfuric acid 
scrubbing to remove substantially all of the alde 

, hydes and ketones, and introducing at least the 
unreacted propane constituent of the resulting 
gases into the reaction mixture for a succeeding 
cycle. 

7. A cyclic process which comprises nitrating 
butane, removing lower nitroalkanes from the 
gaseous mixture resulting from the nitration of 
said lower alkane and subjecting the remaining 
gases to water scrubbing, followed by sulfuric acid 
scrubbing to remove substantially all of the aide; 
hydes and ketones, and introducing at least the 
unreacted butane constituent of the resulting 
gases into the reaction mixture for a succeeding 
cycle. 

8. In a cyclic process for the nitration'of pro 
pane, the steps which comprise removing lower 
nitroalkanes from the gaseous mixture resulting 
from the nitration of said lower alkane and sub 
jecting the remaining gases, at temperatures 01' 
10-30° 0., to water scrubbing, followed by scrub 
bing with approximately 70% sulfuric acid, to re 
move substantially all of. the aldehydes and ke 
tones, and introducing at least the unreacted pro 
pane constituent of the resulting gases into_ the 
reaction mixture for a succeeding cycle. 

JEROME MARTIN. 
EDWARD B. HODGE. 
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