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One of the most important factors in obtaining good nitration in the con- 
tinuous trinitrotoluene process1*2 is control of the nitric acid concentration in each 
of the nitration vessels. Since the total acidity, expressed as per cent sulfuric acid, 
varies from 72(X, in toluene mononitration to 108%; (oleum) in trinitration. analysis 
of nitric acid in this acidity range represents a formidable problem. The nitrating 
acids also contain various amounts of entrained and soluble nitrotoluenes which pose 
an additional problem with sample consistency. 

Previously the determination of nitric acid concentration in each vessel re- 
quired diluting a known volume of acid with a known volume of water and titrating 
an aliquot of the diluted sample with standard ferrous ammonium sulfate to a “dead 
stop” amperometer end point 3. The nitric acid concentration was calculated by 
assuming a standard sample weight and a constant amount of soluble nitrotoluenes 
in each acid sample. During periods of unstable operation. the amount of nitro- 
toluencs in the acid phase increased, producing apparent low results for the nitric 
acid concentration. Nitric acid flow was then increased to the vessel in question to 
correct the apparent, but erroneous. deficiency, thus compounding the problem. 

A method was developed to correct for the nitrotoluene content wherein a 
sample of the acid phase to be analyzed was added to a calibrated test tube and 
allowed to stand in a steam-bath for approximately IO min. During this time entrained 
nitrotoluenes separated. permitting a measure of the true volume of acid taken for 
analysis. This correction technique did improve control of the nitration process but 
was time consuming; therefore, a new analytical approach free from such limitations 
was needed to provide more stable operation of the nitration process. An additional 
objective was to develop a method that would also be amenable to on-line sampling 
and analysis. 

Various techniques have been used for the determination of nitric acid. In 
addition to the titration method mentioned above, nitric acid can be determined in 
the presence of sulfuric acid by the nitrometerJ method or UV absorption at 301 nmS. 
However, the nitrometer method is too time consuming and the UV method suffers 
from interference by dissolved nitrotoluenes. 

Nitric acid has been determined in oleum mixtures with a nitrate-specific ion 
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electrode but requires accurate dilutions with water because of the extreme sensitivity 
of the electrode to nitrate ionsh. 

Determination of nitrate by strong anion-exchange chromatography has also 
been demonstrated’. The ion-exchange approach requires precise preparation of 
buffers for use as the mobile phase, which poses a problem for on-line analysis. 
Neddermeyer and Rogers” have demonstrated separation of various inorganic sulfate 
and nitrate salts by gel filtration liquid chromatography (LC). This technique appeared 
to satisfy our requirements und therefore was investigated for the separation of 
sulfuric and nitric acids. 

EXPERIMENTAL 

The LC separations were performed on a laboratory-constructed chromato- 
graph consisting of a Milton Roy Instrument (Model 196-57) minipump and a 
Laboratory Data Control conductivity detector. The analytical column was I-m x 
S/&in.-O.D. stainless steel packed with Sephadex G-IO (Pharmacia. Piscataway, 
N.J.. U.S.A.) polydextran resin. The column end fittings contained stainless-steel 
frits with 50 ,u on the inlet and IO ,U on the exit. 

The column was slurry packed after swelling the resin overnight in methanol. 
Solutions with progressive amounts of water were then pumped through the column 
to obtain maximum swelling. The column was conditioned by pumping 500 ml of 
0.2 M aqueous sodium hydroxide solution followed by 500 ml of distilled water. 

A 25-4 Disc Instr’ument sampling valve was used to introduce the sample 
onto the chromatographic column. A Hewlett-Packard (Model 3370A) integrator 
was used for determination of peak areas. 

Approximately S ml of the nitration acid was carefully diluted with a threefold 
excess of water in a 25-ml serum bottle to promote separation of the organic and 
aqueous phases. The sample is diluted to precipitate the nitrotoluenes and to prevent 
nitration of the polydextran resin. An aliquot of the aqueous phase was then loaded 
into the sample valve loop via syringe. Elution was accomplished with a distilled 
water mobile phase at a flow-rate of approximately 5 ml/min and an average pressure 
of I50 p.s.i. The time of analysis under these conditions was approximately 7 min. 
A typical chromatogram is shown in Fig. 1. To determine the nitric-to-sulfuric acid 
ratio (N/S), the integrated area of nitric acid was multiplied by a response factor and 
divided by the area of sulfuric acid. The response factor was determined by chro- 
matographing synthetic acids having N/S ratios normally encountered. 

RESULTS AND DISCUSSION 

Although nitric and sulfuric acids could be separated and determined ;IS sepa- 
rate entities by the LC method, it was felt that better control over mixed acid com- 
position could be obtained by calculating the results as the N/S ratio. The USC of the 
N/S ratio simplified the analysis by making it unnecessary to inject exact reproducible 
amounts of sample into the liquid chromatograph, This was made possible by the 
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Fig. 1. LC separation of sulfuric (1) and nitric (2) acids. 

fact that sulfuric acid (olcum) is added at only one point .in the nitration process, 
Gz. the last nitrator. and therefore acts essentially as an inter4 standard in the LC 
method. Also, by using the M/S ratio, interference by dissolved or entrained nitro- 
toluenes is avoided. 

The precision of the LC method was first investigated by repeated analysis of 

a single acid sample. The data indicate excellent replication of N/S values with :I 

TABLE I 

N/S VARIABILITY AS A FUNCTION OF TIME FOR AN 1NDlVIDUAL NITRATOR 
. 

Time (Mr) 

“0 

1: 
15 
20 
25 
30 
35 
40 
45 
50 
55 

Average 
Range 
Standurd 

deviation 
Cocflicicnt of 

variation, ‘i: 
. . . 

.. N/S ratio 

0.1399 
0.1333 
0.1347 
0.1378 
0.1335 
0.1378 
0.1343 
0.1389 
0.1426 
0.1403 
0.1359 
0.1413 

0.1375 
0.0093 

0.00317 
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coefficient of variation of 0.25%. The instrumental variation plus the sampling vari- 
ation was 1.58”/” as determined by taking replicate acid samples from a nitrator. 
This precision compares favorably with that of the titration method, which has a 
coefficient of variation of 4.68”/;;. Various water-to-acid dilution ratios in the range 
of 3: I to 1O:l were investigated and showed that dilution did not. adversely affect 
the,precision of the method, The lower coefficient of vaiiation of the LC method is 
caused in part by the fact that the LC results are unaffected by the amount of nitro- 
toluenes in the sample taken for analysis. 

The applicability of the N/S ratio for process control was evaluated by deter- 
mining the variability of the ratio in a single nitrator under stable operating con- 
ditions. A sample of nitrating acid was removed every 5 min during a I-h period. 
The N/S ratio was determined on these samples and the results are shown in Table 1. 
The 2:30x coefficient of variation indicates that the N/S ratio remains fairly stable 
with constant feed rates, 

The use of the LC technique was further evaluated on an operating TNT line 
by monitoring the N/S ratio ‘of all nitration vessels and comparing the ratios with the 
nitric acid value as determined by the ferrous ammonium sulfate technique. The data 
presented in Table II show some inconsistencies because the titration results were not 
corrected for soluble or entrained nitrotoluenes. Correlation of the nitric acid titration 
results and N/S ratios led to selection of N/S ratios for control of nitric acid in each 
vessel on the operating line. 

In the upper nitration stages, where the total acidity is approximately 100% 
or above, the N/S ratio is the sole control on acid composition, and adjustments arc 
made in the nitric feed to each vessel with a constant feed of oleum into the last 
nitrator. In the mono- and dinitration stages, where water is added to control the 
rate of reaction, total acidity as measured by acid density is the primary control, 
with nitric acid feed being secondary to obtain the desired N/S ratio. One trinitro- 
toluene line was operated using these criteria and the selected ratios. with a noticeable 
improvement in control of nitric acid concentration in all vessels. 

The success of the rapid off-line LC approach to control of the nitration 
process has led to the decision to investigate instrumentation for on-line analysis. 
particularly since process liquid chromatographs are now commercially available. 
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