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RESEARCH MEMORANDUM

VAPQR FmssuREs AND cAL4xmmm liEATS(E’VAPORTZATI~ (Y

C!ON~ NITRIC ACID SOLUTIONS IN THE COMPOSITION

RANGE 71 TO 89 PERCENT NITRIC ACID, 7 TO 20 PERCENT

NITR~EN DIOXIDE, 1 TO 10 PERCENT WATER, AND IN

THE TEMPlmATuRE RANGE 10° TO 60° C

A By A. B. McKeown and lhank E. Belles

●

Total vapor pressures were measured for 16 acid mixtures of the
a ternary system nitric acid, nitrogen dioxide, and water within the tem-

perature range 100 to 60° C and within the composition range 71 to 89
weight percent nitric 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 60° C. The ullage of the apparatus used for the
measurements was 0.46.

Ternsry diagrams showing isobars as a function of coqosition of
the system were constructed from experimental
the temperatures 25°, 400, 450, and 600 C and

INTRODUCTION

and
me

interpolated data for
presented herein.

Concentrated solutions of nitric acid containing oxides of nitrogen
are commonly used in many propellant and chemical applications. Cert&
properties such as vapor pressures and heats of vaporization sre there-
fore of considerable interest. As pointed out in reference 1, the data
reported in the literature on the vapor pressures of the system nitric
acid, nitrogen dioxide, 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 nitrogene
dioxide, and O to 15 percent water, for the temperature range ZOO to 80° C
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(ref. 1). This is only a part of the composition range of interest. The
a

total vapor pressures of 16 mixtures of nitric.acid, water, and nitrogen
dioxide were therefore determinedly use of’an isoteniscope for the com-
position range 71 to 89 weight percent nitric acid, 7 to 20 weight per-

V

cent nitrogen dioxide, and O to 10 weight percent water.

AEPARATUS

A diagrammatic sketch of the equipment is shown in figure 1. The m
ml

apparatus consisted of an isoteni.scupe,a mercury manometer, a thermom- d
m

eter, a vacuum system> and a heat-control unit.

Isoteniscope. - A Smith and Menzies type isoteniscupe, made of
—.

pyrex and modified by the addition of a reservoir to contain the separat-
ing fluid during the degasificationprocedure, was used to obtain the
vapor pressure measurements. The ins’trument’wasessentially of the same
design as that of reference 1 except that a small-bore U-t*e, of
4-milMmeter instde diameter, was used in order to yield a small area of
contact between the separating fluid (Fluorolube S) and the acid vapors.
The acid chaniberwas filled.with approximately 5 milliliters of acid dur- r
ing the operation of the apparatus. Ground-glass $oints were lubricated
with Halocarbon stopcock grease, which resisted attack by the acids.
The ullage of the isoteniscope, that is, the ratio ot the vapor volume n

to vapor volume plw liquid volume, was approximately 0.46 under operat-
ing conditions.

Temperature con_crolsystem. - The isoteniscope was maintained at
specified temperatures by immersion in a 4000-millU_iter transparent
Dewar flask filled with water at a predetermined temperature. The water
was heated in a separate constant-temperaturebath and was circulated
through the Dewsx flask by a pump during experbental runs. The constant-
temperature bath was heated by two 750-watt immersion-type heaters con-
nected in series with an immersion-type thermoswltch, which controlled
the temperature of the bath to @.5° C. The temper&ture of the liquid
in the Dewar flask was measuredly a calibrated thermometer that could
be read to ~.2° C.

PROCEDURE

Preparation of acid samples. - Acid samples were preparedby mixing
aliquot portions of 99.6 percent HN03, distilled H20, and 33.5 percent

by weight solution of N02 in HN03. The 99.6 percent IfN03was prepared--
by the vacuum distillation of a mixture comprising two parts of concen- A_

trated sulfuric acid and three parts of commercial white fuming nitrtc
acid (approximately98 percent HN03) at a temperature of 10° to 15° C. E“
The 33.5 percent solution of N02 in HN03 was prepared bypassing gaseous
NOZ into 99.6 percent HN03. z
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.
Degasification of acid sample. - Acid ssqles were degassed in the

isoteniscope by the method discussed in reference 1 to remove absorbed
. carbon dioxide and air. In order to avoid the possibility of carbon

dioxide being retained in the acid sample in the frozen state, an ethanol-
water solution at a temperature of -950 to -100o C was used as a cooling
medium in the final repetition of the degastiication procedure.

Measurement of vapor pressures. - Following degasification, vapor
w.. pressures of the acid mixtures were determined by the procedure described
K in reference 1 for the temperature range 10° C tb the ~ormal boiling
m point. Pressure measurements were made at successively higher tempera-

tures; and after the pressure reading at the highest temperature was
taken, the acid ssmple was cooled to one of the lower temperatures and
another reading was taken. The purpose of this reading was to detect
any pressure changes that might have occurred during the
composition of the acid or absorption of the acid vapors
lube s.

A
3 Pressure measurements were made at all temperatures
- interval 30 to 40 minutes.
1-1’

run due to de-
in the Fluoro-

within the time

& Acid analysis. - The acid samples were anslyzed by the method of
U. S. Air Force Specification No. 14104 with the exception that total.
acidity was determined by direct titration of the acid sample in water
with NaOH solution. In accordance with the specification, the NOZ was
determined by back-titration of the sample in Ce(NH4)2(S04)3 SOIUtiOn

with FeS04. Water content was determined by the s~traction of the sum
of the N02 content and HIJ03content from 100 ~rcent.

Acid analyses were made on both stock solutions and on samples taken
from the isoteniscope after experhnental runs. me acid a~lyses 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
tsble I represent the average of two determinations for each sample.

RJZLIABILITY~ ~~S

Accuracy of apparatus. - The inherent accuracy of the apparatus was
checked by comparison of the measured vspor pressures of distilled water
with the values reported in the literature. The experimental data and
the literature
lowing table:

.

.

values f’orthe ssme temperature sre &esented in the fol-
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‘c ~D’’’’:l’lTemperature,

14.2 11.8 12.1
20.0 17.8 17.5
32.0 35.7 35.7
43.0 65.0 64.8
52.3 104.0 103;6
62.0 163.4 163.8
78.8 333.1 338.3

-2.5
1.7
0.0
.3
.4
2

-;:5

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

From this table it appears that the experimental error associated
with this apparatus is d? the order of 1 to 1.5 percent.

Ullage effects. - The ullage of the isoteniscope in this investi-
gation was a~roximately 0.46 under operating conditions. For several
samples the udlage w’asvaried approximately 10 percent between the first
run and the check run without measurable change in the vapor pressure.

For the ranges of composition, temperature, and vapor presmre cov-
ered in this investigation,a change of ullage from zero to as large as
0.75 would cause a change of less than one half of one percent In the
concentration of N02 in the liquid phase. Slgrdf’icant&rors in the -
Information would be introduced by direct, uncorrected application crf
these data to systems with very large ullage, such as 0.95 or greater.

Effects of decomposition, absorption, and degasification. - As de-
scribed earlier, the vapor pressure of each ssmple was measured twice at
one of the luwer temperatures, once at the begi&ing of the run and once
at the conclusion. For most of the samples the second pressure was
slightly higher than the initial measurement, indicating that a certain”
amount of decompositionhad probably taken place during the run. For a
few of the saxuplesthe second pressure was slightly less than the initial
pressure, which may have been due to minor absorption of acid vapors by
the Fluorolube S at the area of contact. The largest pressure increase
experienced for all the experimental runs was 8.0 millimeters of mercury
and the average increase for all experimental runs was 1.6 millimeters
of mercury. The largest pressure decrease for all the experimental runq
was 2.0 millimeters of mercury.

F~*her evidence> given by the following table, shows that change
in composition of the acid due to decomposition, absorption, and degasi-
fication is smalL. The data in this table were obtained by analysis of
three acid samples both before and after experimental runs.

-

1!

-*

.

—

. .

.
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Semple Analysis, percent by wei&t

HN03 N02 H20

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

SL Stock solution 81.42 16.79 1.79
After experimental run 2 81.25 16.80 1.95

1 Stock solution 88.42 7.82 3.76
After experimental run 2 8%.17 7.91 3.92

BESUJJTSAND DISCUSSION

The measured vapor pressures of 16 acid mixtures are presented in
table 1. Vapor pressures were not measured at teqeratures above 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
qouped. When great accuracy is not needed, the vapor ~ressures of the
various acids above their normal boiling points maybe obtained by extra-
polation of the curves in this figure.

Figure 3 is presented to show the effect of variation of composition
of the acid sample on va~r pressure at temperatures of 25°, 400, and
450 c. An attempt was made to prepere semples in sets of approximately
constant N02 concentration for the purpose of relating composition of the
acid with vapor pressure at specific temperatures. The concentrations
were 7.62-7.82, 10.1.l-10.40,13.35-13.58, 16.66-16.79, and 19.27-19.37
percent N02 with varying amounts of HN03 and H20. In fQure 3 vapor
pressure is plotted against weight percent H20 for the N02 concentrations

mentioned. Vapor-pressure values were obtained from the smooth curves of
the pressure-temperature data of table 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 N02 content. It has been found that this relation is appli.
cable for acids containing approximately 2 percent N02 or more (ref. 1).

●

Ternary diagrams showing isobars as a function of the composition
of the system N02-H20-HN03 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 (d) include both the data of reference 1 and the

.

present data. ‘Thesediagrsms, while stiject to small inaccuracies due
to the method of their construction, maybe used to estimate the vapor u

0 C, of any sample within the range ofpressure, at 250, 40°, 45°, and 60
composition covered by the ternary plot. Estimates at two different
temperatures may then be used to obtain a straight-lineplot similar to
figure 1 (method from refs. 3 and 4), from which good predictions can be
obtained for the total pressures at other temperatures in the range 100 ——
to 60° C.

—
a
N

The total heats of vaporization at the temperatures 25°, 400, and n

60° C were calculated for all the ssmples by the method of reference 5
and are presented in table 11. This method is applicable to solutions
as well as pure compounds, according to reference 5. Slope values were
calculated from the data of table I by the method of least squares.
Calculated average molecular weights were used to convert the heat6 of
vaporization of the acids from calories per mole to calories per gram.
The differences in heat of vaporization values among samples of different
composition at the same temperature were found to be small.

Vapor 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 weight percent N02, respectively, at 25° C (ref. 6). b
These data correspond to vapor pressures of 103, 109, 120, 138, and 155
millimeters of mercury for the same compositions, respectively, obtained
by etirapolation of the isobsrs of figure 4(a) to zero weight percent
water.

Total vapor pressures

SUMMARY OF 17ESULTS

were measured for concentrated acid of the
system nitrogen dioxide - water

—
- nitric acid within the temperature

range 10° to 60° C. Results of the investigation maybe summarized as
follows:

—

1. A straight line was obtained throughout the temperature range
10° to 60° C for the logarithmic plot of vapor pressure of the acid
against vapor pressure of water at equal temperature.

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

4

Lewis Flight Propulsion Laboratory
National Advisory Committee for Aeronautics

Cleveland, Ohio, December 3, 1953
i-
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TARLE 1. - VA31X5 PHM60FCM OF VANICIIS NjTUC MD, ITI!IWWIN DIOXIDE, AND VA~ KU21UEH

[Ulbge, 0.452 j all telqeraturem in ‘C; all preaaures in m @j

hdY6iS ti Btook 130htid Tom vapor prem-we, ml E@L9mple

1

2

3

4

5

6

7

8

9

10

I.1

12

2.3

14

7.5

16

21T03,

]eroem

N02,

mat

7..92

7.80

7.n

lh 40

10.36

10.11

10.35

13.40

13.5E

13.35

16.79

16.75

16.66

19.97

19.26

16.27

H20’
ereent 1 Rllnl mm2

61.9

691.1

62.6
652.6

60.0
735.0

6E::

54.3
685.1

-----
--—-

52.0
679,0

52.2
564.9

52.4
66a.7

SO.6
711.4

52.0
674.5

47.6
661.0

E&:

&:;

49.4
681.0

41.2
680.0

60.0

641. O

-----
-----

56.9
693.2

56.9
635.7

56.3
646.7

54.3
046.4

52.0
572.8

62.3
677.0

53.6
712.0

47.s
639.0

5%::

43.0
M.4.O

42,1
627.3

42.9
B90.6

43.0
617.5

40.0
B47 .1

66.42

86.27

83.19

B6.2.l

84.89

62.05.

7S.78

84.64

81.35

7&!o

81.42

77,58

75,99

7’8.27

75.57

71.76

3S.6

517.2

50.6
423.s

48,s
422.2

47.9
L17.2

41.0
506.1

i%:;

42.2
427.2

L$2::

47.9
542.1

48. C)
574.0

5W

3s.0
546.8

38.3
534.5

41.0
U5.4

37.0
L8B.O

R::

30.6

149.8

37.2
218.7

35.7
239.2

27.0
141.0

30.7
176.5

1%::

13::

30.0
182.0

2(%::

19.5
15d.2

27.0
1.66.3

16.8
1s5.4

J%:

2K:

R::

2%:

3.76

6.15

9.10

3.39

10.0

46.1

14.9
52.5

10.2
51.6

11.1
57.6

10..4
63.3

16.5
lCO.5

10.4
78.9

I.1.l
66.7

10.9
75.0

10,7
94.5

11.3
8s.0

1:::

12.3
151.6

10.9
90.4

11.3
132.9

10,3
151.0

17.0 26.6 34.9

67.5 150.9 161.9

3,8.4 34.6 45.1
74.1 187.5 324.0

26.2 d2.2 37.6
133.1 187.2 244.4

22.8 31.2 39.1
m .7 17,6.2 268.5

15.5 2i.9 32.0
82.0 126..2 195.7

24.0 34.6 U.o
146.8 260.6 41,1.2

15.9 24.2 31.2
1C6.1 167.6 246.7

17.0 25.0 35.0
91.3 141. e 240.8

16.6 30.1 40.1
105.0 219.6 369.8

L.7 30.2 39.s
179.1 267.2 421.8

15.0 a.o SO.3
105.7 157. ‘3226.7

13.3 18.7 25.3
123.8 161.6 ~0.6

16.6 22.7 30.1
186.2 254.8 S66.5

16.8 24.1 S1.1
U7.O 165.9 228.5

16.0 22.1 30.0
167.S 225.0 334.8

14.8 20.6 26.2
190.3 237.0 374.5

14.6 23.2

68.6 99.9

17.6 26.7
76.0 122.8

17.8 27.0
79.7 1S6.2

10.4 18.4
56.5 77.6

13.9 20.5
72.7 102.9

10.3 14.5
67.2 65.4

12.6 18.4
87.8 122.1

14.4 20.0
78.0 105.7

12.8 22.0
84.0 143.2

11.3 14.5!
99.0 118.6

14.0 21.8
91.5 146.6

10.8 12.8
10.3 121.0

11.7 18.2
44.0 203.1

10.6 14.1
69.3 106.6

12.0 16.7
39.0 175.1

12.3 38.0
62.7 218.1

39.9

245.0

46.5
347.8

43.6
331.1

37.0
241.4

2s:

30.1
2W.7

32.0
256.6

39.9
303.1

?)7.0
318.6

26.s
223.9

39.9
378.7

26.5
273.5

32.0
394.6

36.1
347.5

27.4
2a5.o

3%::

49.9

397.0

58.2
604.5

52.4
512.2

42.8
329.7

4:::

49,0
513.1

3%’::

47.0
432.0

4%
,.

35.1
331.6

4W

38.4
448.0

36.0
474.6

s:

34.0
405.6

34.0
487.5

Temperature
Vapor pmasvm

Temperature
Vapm premum

Temperature
Vapm preaaure

4.78

7..94

6.87

Temperature
V.spm preamm

Temperature
Vapor presmm

Tempel?atum
vapor prer.mg.e

ma~
vapor pmmatlre

1.96

5.07

8.15

TeMperatlm
vapor pmsure

~-
VapOr prmame

1.76

3.67

-am
Vapor pressure

T69nperatum
Vapor pmsum

9.35

2.36

5.35

6.97

,1

1 8ZI!2 ‘ ●



I?ACARME53L14

g

.

s

.

TABLE II. - c&CUbWED HEATS Cl?VAPCRIZ4TION OF VARIC?JS

NITRIC ACID, NITRCX+ENDICDEIDE, AND WATER ~

1
2
3
4

5
6
7
8

9
10
u
12

13
1+
15
16

Analysis of stock
solution, percent

HN03 N% H20

88.42 7.82 3.76
86.27 7.60 6.13
83.19 7.71 9.10
86.21 10.40 3.39

84.89 10.36 4.75
82.05 10.U 7.84
‘79.7810.35 9.87
84.64 13,40 1.96

81.35 13.58 5.07
78.50 13.35 8.15
81.42 16.79 1.79
77.58 16.75 5.67

73.99 16.66 9.35
78.27 19.37 2.36
75.37 19.28 5.35
71.76 19.27 8.97

~otal heat of vaporizat ionj
g-cal[g (150 C), at -

2P c

164.8
167.9
172.70
168.4

162.0
166.8
171.7
164.9

169.6
165.0
159.8
159.6

157.4
166.1
159,3
159.6

40° c

162.5
165.5
170.3
166.0

159.7
164.4
169.3
162.5

167.2
162.7
157.5
157.4

155.1
163.7
157.1
157 ● 3

60° C

159.4
162.4
167.1
162.9

156.7
161.3
166.1
159 ● 5

164.1
159.6
X54.5
154.4

152.2
160.6
154.1
154.4
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