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VAPOR PRESSURES AND CAICULATED HEATS OF VAPORIZATION OF
CONCENTRATED NITRIC ACID SOLUTIONS IN THE COMPOSITION
RANGE 71 TO 89 PERCENT NITRIC ACID, 7 TO 20 PERCENT
NITROGEN DIOXIDE, 1 TO 10 PERCENT WATER, AND IN
THE TEMPERATURE RANGE 10° TO 60° C

By A. B. McKeown and Frank E, Belles

SUMMARY

Total vapor pressures were measured for 18 acid mixtures of the
ternary system nitrie acid, nitrogen dioxide, and water within the tem-
perature range 10° to 80° C and within the composition range 71 to 89
welght percent niltric acid, 7 to 20 weight percent nitrogen dioxide, and
1 to 10 weight percent water. Heats of vaporization were calculated
from the vapor pressure measurements for each sample for the tempera-
tures, 25°, 40°, and 80° C. The ullage of the apparatus used for the
measurements was 0.486.

Ternary diagrams showing iscbars as a function of composition of
the system were counstructed from experimental and interpolated data for
the temperstures 259, 40°, 459, and 60° C and are presented herein.

INTRODUCTTION

Concentrated solutions of nitric aecid containing oxides of nitrogen
are commonly used in many propellent and chemical gpplications. Certain
properties such as vapor pressures and heats of vesporization are there-
fore of considersble interest. As pointed out in reference 1, the data
reported in the literature on the vapor pressures of the system nitrie
acld, nitrogen diloxide, and water are incomplete with respect to the com-
position range of interest.

Vapor pressures of nitric acid solutions have been measured in the
composition range 83 to 97 percent nitric acid, O to 6 percent nitrogen
dioxide, and O to 15 percent water, for the temperature range 20° to 80° ¢
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(ref. 1). This is only a part of the composition range of interest. The
total vepor pressures of 16 mixtures of nitric acid, water, and nitrogen
dioxide were therefore determined by use of an isoteniscope for the com- M
position range 71 to 89 weight percent nitric acid, 7 to 20 weight per- -
cent nitrogen dioxide, and O to 10 weilght percent water.

APPARATUS

A disgremmetic sketch of the equipment is shown in figure 1. The
apparatus consisted of an lsctenilscope, a mercury masnometer, & thermom-
eter, a vacuum system, and a heat-control unit.
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Isoteniscope. - A Smith and Menzies type isoteniscope, made of
pyrex and modified by the addition of a reservolr to contalin the separat-
ing fluid during the degasification procedure, was used to obtain the
vapor pressure measurements. The instrument was essentislly of the same
design as that of reference 1 except that a small-bore U-tube, of
4-millimeter inside dlemeter, was used in order to yield a small area of
contact between the separating fluld (Fluorolube 8) snd the acid vapors.
The acid chember was filled with approximately 5 milliliters of acid dur- "
ing the operstion of the apparatus. Ground-glass Joints were lubricated
with Halocarbon stopcock grease, which resisted attack by the acids.
The uliage of the isctenlscope, that is, the ratio of the vepor volume -
to vapor volume plus liguid volume, was approximately 0.46 under operat-
ing conditions, -

Temperature control system. - The isoteniscope was maintained at
specified temperetures by immersion in a 4000-milliliter transparent
Dewar flask filled with water at a predetermined temperature. The water
was heated in a separate constant-temperature bath and was clrculsted
through the Dewar flask by a pump during experimentel runs. The constant-
temperature bath was heated by two 750-watt immersion~type heaters con-
nected in seriles with an immersion~type thermoswitch, which controlled
the temperature of the bath to 20.5° C. The temperature of the liquid
in the Dewar flask was measured by & calibrated thermometer that could
be read to 0.2° C.

PROCEDURE

Preperation of acid samples. - Acid samples were prepared by mixing
aliquot portions of 99.6 percent HNOz, distilled Hy0, and 33.5 percent
by weight solution of NOz in HNOz. The 99.6 percent HNOz was prepared "_

by the vacuum distillation of a mixture comprising two parts of concen-
trated sulfuric acid and three parts of commercial white fuming nitric
acid (approximetely 98 percent HNOS) at a temperature of 10° to 15° G, .

The 33.5 percent solution of NOz in HNO3 was prepared by pessing gaseous
NO2 into 99.8 percent HNOz. h

ot
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Degasification of acid sample. ~ Acld samples were degassed in the
isoteniscope by the method discussed in reference 1 to remove sbsorbed
carbon dioxide and air. In order to avoid the possibility of carbon
diloxide being retained in the acld sample in the frozen state, an ethanol-
water solution at a temperature of -95° to -100° C was used as a cooling
medium in the final repetition of the degasification procedure.

Megsurement of vapor pressures. - Following degasification, vapor
pressures of the acid mixtures were determined by the procedure described
in reference 1 for the temperature range 10° C to the normal boiling
point. Pressure measurements were made at successively higher tempera-
tures; and after the pressure reading at the highest temperature was
teken, the aclid sample was cooled to one of the lower temperatures and
enother reading was taken. The purpose of this reading was to detect
any pressure changes that might have occurred during the run due to de-
composition of the acld or sbsorption of the acid vapors in the Fluoro-
lube S.

Pressure measurements were made at all temperatures within the time
Interval 30 to 40 minutes.

Acid analysis. - The acid samples were analyzed by the method of
U. S. Air Force Specificstion No. 14104 with the exception that total
acldity was determined by direct titration of the acid sample in water
with NaCH solution. In accordance with the specification, the NO2 was

determined by backstitration of the sample in Ce(NH4)5(SO.)z solution
with FeSO4. Water content was determined by the subtraction of the sum
of the NO, content and HI\IO3 content from 100 percent.

Acid analyses were made on both stock solutions and on samples taken
from the isoteniscope after experimental runs. The acid anslyses re-
ported in table I are for stock solutions, inasmuch as fresh samples from
stock solutions were used for each experimental run. The analyses in
table I represent the average of two determinations for each sample,

RELTABILITY OF MEASUREMENTS

Accuracy of apparstus. - The inherent accuracy of the apparatus was
checked by comparison of the measured vepor pressures of distilled water
with the values reported in the litersture. “The experimental dsta and
the literature values for the same temperature are presented in the fol-
lowing table:




4 NACA RM E53L14

Temperature, Vapor pressure, mm Hg Deviation,
oc percent
Experimental|{ Literature®
14,2 11.8 12,1 2.5
20,0 17.8 17.5 1.7
32,0 35,7 35.7 0.0
43.0 65.0 64.8 3
52.3 104.0 10336 .4
82,0 163.4 163.8 -.2
78.8 333.1 338.3 -1.5

&yglues for water from ref. 2 (table 9, p. 391).

From thils table it appears that the experimental error assoclated
with this apparatus 1s of the order of 1 to 1.5 percent.

Ullage effects., - The ullage of the isoteniscope in thils investi-
gation was approximetely O.46 under operating conditions. For several
samples the ullege was varied approximately 10 percent between the flrst
run and the check run without measurable change in the vapor pressure.

For the ranges of composition, temperature, and vapor pressure cov-
ered in thils Investigation, a change of ullage from zero to as large as
0.75 would cause & change of less than one half of one percent in the
concentration of NO, in the liguid phase. Significeant errors in the
Information would be introduced by direct, uncorrected appllcation of
these data to systems with very large ullage, such as 0.95 or greater.

Effects of decomposition, sbsorption, and degasification., - As de-
scribed earlier, the vepor pressure of each sample was measured twice at
one of the lower temperatures, once at the beginning of the run and once’
at the conclusion. For most of the samples the second pressure was o
slightly higher than the initial measurement, indicating that a certain
amount of decomposition had probably taken place during the run. For a
few of the samples the second pressure was slightly less than the initial
pressure, which may have been due to minor ebsorption of acid vapors by
the Fluorolube S at the srea of contact. The largest pressure increase
experienced for all the experimental runs was 8.0 millimeters of mercury
and the average increase for all experimentsl runs was 1.6 millimeters
of mercury. The largest pressure decrease for all the experimental runs
was 2.0 millimeters of mercury.

Further evidence, given by the following table, shows that change
in composition of the acid due to decomposition, absorption, snd degasi-
ficatlon is small. The data in this table were cbtailned by analysis of
three acld. semples both before and after experimental runs.

‘%128
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Sample Analysis, percent by weight

HNO< RO, | H0

4 Stock solution 86.21 |10.40 | 3.39
After experimental run 2 {86.10 |10.31 | 3.59

11 Stock solutlon 81.42 |16.79 | 1.79
After experimental run 2 |81.25 |16.80 ) 1.95

1 Stock solution 88.42 | 7.82 | 3.78
After experimental run 2 |88.17 7.91 | 3.92

RESULTS AND DISCUSSION

The measured vapor pressures of 16 acid mixtures are presented 1in
table I. Vapor pressures were not measured at temperatures sbove normal
boiling points since limiting features of the apparatus made it im-
possible to measure vapor pressures above 1 atmosphere.

Figure 2 is a logarithmic plot of total vapor pressure of the acid
against vapor pressure of water (ref. 2) at equal temperature (methods
from refs. 3 and 4). This figure is a plot of the raw data for all the
acid samples. No significance is attached to the way the samples are
grouped When great accuracy 1s not needed, the vapor pressures of the
verious acids sbove their normsl boiling points may be obtained by extra-
polstion of the curves in this Pigure,

Figure 3 is presented to show the effect of variation of composition

of the aclid sample on vapor pressure at temperatures of 25°, 40°, and

450 C. An attempt was msade to prepare samples in sets of approximately
constant NO2 concentration for the purpose of relating composition of the
acid with vepor pressure st specific temperatures. The concentrations
were 7.62-7.82, 10.11-10.40, 13,35-13.58, 16.66-16.79, and 19.27-19.37
percent NOp with varying amounts of HNOz and HoO0. In figure 3 vapor
pressure 1s plotted asgalnst welght percent Ho0 for the NOo, concentrations
mentioned. Vapor-pressure values were obtained from the smooth curves of
the pressure-temperature data of taeble I for each acid composition.
These data indicate that, within the composition range studied, an in-
crease in total vapor pressure is produced by an increase in H20 content
for constant NOp content. It has been found that this relation is appli-
cable for acids contalning approximastely 2 percent NO2 or more (ref. 1).

Ternary dlagrems showing iscbars as & function of the composition
of the system.NOzéﬂzo-HNos were constructed from interpolated and ex-~
perimental data taken from figure 3 and are presented in figure 4.
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Figures 4(a), (b), and (4) include both the data of reference 1 and the
present data. These disgrams, while subJect to small inaccuracies due
to the method of thelr construction, may be used to estimate the vapor
pressure, st 25°, 40°, 45°, and 60° C, of any sample within the range of
composition covered by the ternsry plot. Estimates at two different
temperatures may then be used to cbtaln a straight-line plot similar to
figure 1 (method from refs. 3 and 4), from which good predictions can be
obtained for the total pressures at other temperstures in the renge 10°
to 60° C.

The totel heats of vaporization at the temperatures 25°, 40°, and
60° ¢ were calculated for all the semples by the method of reference 5
and are presented in table II. This method is eppliceble to solutions
as well as pure compounds, according to reference 5. ©Slope values were
calculated from the data of teble I by the method of least squares.
Calculated average molecular welghts were used to convert the heats of
vaporization of the acids from calories per mole to calorles per gram.
The differences in heat of vaporization values among samples of different
composition at the same tempersture were found to be smsall.

Vepor pressures of 111.2, 118, 127.4, 139, and 152 millimeters of
mercury have been reported for anhydrous nitric acids containing 10, 12,
14, 16, and 18 welght percent NO,, respectively, at 259 ¢ (ref. 8).

These data correspond to vapor pressures of 103, 109, 120, 138, and 155
millimeters of mercury for the same compositions, respectively, obtained
by extrapolation of the iscbars of figure 4(a) to zero weight percent
water,

SUMMARY CF RESULTS

Total vapor pressures were measured for concentrated acid of the
system nitrogen dioxide - water - nitric acid within the temperature
range 10° to 60° C. Results of the investlgation may be summarized as
follows: ) o

1. Aostraight line was obtained throughout the temperature range
10° to 60° C for the logarithmic plot of vepor pressure of the acid
ageinst vepor pressure of water at equal temperature.

2. For constant nitrogen dloxide content in the range of composi-
tlon studied, an increase in water content resulted in an increased total
pressure,

Lewis Flight Propulsion Laboratory
National Advisory Committee for Aeronsutics
Cleveland, Ohio, December 3, 1953
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TABLE I. - VAFCR PRESSURES OF VARTIOUS NITRIC ACTD, NIPROGEN DICXTDR, AND WATER MIXTURES

[Ullage, 0.456; =211 temperatures in °C; all preasures in mm Hg]
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TABIE II. - CALCULATED HEATS OF VAPGRIZATION OF VARIOUS

NITRIC ACID, NITROGEN DICXIDE, AND WATER MIXTURES

Sample |Analysis of stock|Total heat of vaporization,

solution, percent g—cal/g (15° c), at -

HNOz | NOp |HgO 25°¢c |40°¢c |80°cC

1 |[88.42]| 7.82}3.76 164.8 | 162,5 | 159.4
2 186.27| 7.60{6.13 167.9 | 165.5 | 162.4
3 183.19| 7.71]9.10 172.7 °| 170.3 | 167.1
4 |86.21(10.40/3.39 168.4 | 166.0 | 162.9
5 |84.891]10.36}4.75 162.0 | 159.7 156.7
6 |82,05|10.11]7.84 166.8 | 164.4 | 161.3
7 |79.781{10,35| 9.87 171.7 | 169.3 | 166.1
8 [84.84(13.,40{1.96 164.9 | 162.5 | 159.5
8 181.35|13.58|5.07 169.6 | 167.2 164.1
10 |78.50]13.35| 8.15 165.0 | 162.7 | 189.6
11 8l1l.42(16.79|1.79 159.8 | 157.5 | 154.5
12 |77.58)16.75 5.67 159.6 | 157.4 | 154.4
13 |73.99]16.66| 9.35 157.4 | 155.1 | 152.2
14 178.27(19.37| 2.36 166.1 | 163.7 | 160.6
15 |75.3719.28] 5.35 159.3 | 157.1 | 154.1
16 171.76]19.27| 8.97 159.6 | 157.3 | 154.4
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Flgure 2., - Cox-Othmer plot of totel vapor pressures of nitric scld solutions.

Ullage, 0.45.
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