Oxides of
Nitrogen:

N,O, NO, NO,

Property data for NO, are increasingly important to the environmental engineer.
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At present, the average U.S. urban concentration of
nitrogen oxides* in air is 20-15 times above natural
atmospheric conditions [/05]. Air-quality standards have
been established to combat this alarming increase [/12],
and consequently many new processing schemes for con-
trolling emissions are under evaluation, Hence, this body
of physical property data is especially important for the
design engineer.

Critical Properties—Table 3—1

Experimentally determined values for critical temper-
ature, pressure and volume have been determined for all
three compounds [1,2,49.10,14,17,83,103,118). The re-
ported values are in close agreement; deviation from the
average is less than 1% for critical temperature and vol-
ume, and 1.5% for critical pressure.

Vapor Pressure--Fig. 3—1

~“Extensive vapor-pressure data span the full liquid state
sor all three oxides. Some data fall below the melting
point. In general, agreement is close. Deviations from the
least-squares fit are less than 6% in most cases.

Heat of Vaporization—Fig. 3—2

Watson’s correlation (Eq. 1-—1)" is used for expanding
heat of vaporization data to cover the full liquid phase.

Heat Capacity—Fig. 3—3, 3—4

The survey of vapor-heat-capacity data shows general
agreement with the various literature sources. Average

deviation is less than 10% for nitrous oxide and nitrogen

* Nitrogen dioxide data are given for the monomer, NO.. only. Any attempt
fo prepare it results in the formation of an equilibrium mixture of NO. and
N,O,[4.7]. In the gas phase, the monomer molecules predominate at moderate
and high temperatures; at 135°C, the gas is 99% NO. [7]. As for the liquid
state, nitrogen dioxide molecules are largely dimerized at temperatures below
21.2°C, but the monomer predominates at higher lemperatures, At 140°C.
the translormatioq into the monomer is essentially complete. In this paper,
gas-phase properties apply only to the NO, monomer,

'For equations trom previous issues, see Part 1, June 10 and Part 2, July 8.
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dioxide. Maximum deviation is less than 7% in the case
of nitric oxide.

Liquid-heat-capacity data for each oxide have been
extended to cover the full liquid state by using the density
extrapolation relationship (Eq. 1—3), with » = 1. Com-
parison of the predicted values and experimental data
for nitric oxide show fair agreement when extrapolated
to temperatures up to 75% of the critical temperature.
Average deviation of the extrapolated values is less than
15%.

Density—Fig. 3—5

The generalized correlation of Lu (Eq. 2—2) has been
used to extend the laboratory density data over the full
liquid state in the cases of nitrous and nitric oxide. For
nitrous oxide, a comparison against lab data shows close
agreement with a maximum deviation of less than 3%.

Surface Tension—Fig. 3—6

The Othmer relationship (Eq. 1—4) has been used for
surface tension over the full liquid range. Comparison
of the computed values from the Othmer plot and the
experimental data indicate good agreement. Maximum
deviation from the least-squares fit is less than 8% for
N,0, 3% for NO, and 5% for NO,.

Viscosity—Fig. 3—7, 3—8

Experimental vapor-viscosity data for nitrous and ni-
tric oxides have been extended with tabulated estimates
of Svehla [/8]. The available experimental data for ni-
trous oxide have been revised to be representative of the
pure component and not of the products of dissociation,
which initially occur at about 550°C [/22]. The values
for nitrogen dioxide have been estimated by the method
of Bromley and Wilke (Eq. 2—3). Comparison of the
estimates from this method with available experimental
data disclose close agreement: Deviations are less than
2% in the casc of nitrous oxide and 10% for nitric oxide.

(Text continues on p. 106)
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OXIDES OF NITROGEN ...

For nitrogen dioxide, the liquid viscosity was extended
over the full liquid state with the Guzman-Andrade
equation (Eq. 1-—6). Nitrous and nitric oxide valucs have
been estimated by the corresponding states relationship
of Stiel and Thodos:

AR b
p = LT (3-1)
§
where p;, = liquid viscosity in centipoise, and
7;1/6
3= MVIpErs
T
T = T

The term f(Z,,7,) is available from the generalized
graphical plot in Reid and Sherwood [/4]. Comparison
of experimental and predicted values of NO, gives
order-of-magnitude agreement (average deviation of
55%).

Thermal Conductivity=Fig. 3—9, 3—10

Vapor thermal-conductivity data for nitrogen dioxide
were extended beyond the range of experimental deter-
minations from the results of Touloukian et al. [/9],
which are applicable to a temperature slightly above
1,000°C, Extrapolation gains values for the remaining
few hundred degrees.

For nitrous and nitric oxides, the results of Svehla [/8]
have been used to gain full temperature coverage.

Most of the data from the various sources are in agree-
ment (10% or less deviation), but there are some excep-
tions. For these, deviations run as high as 26% and 14%
for nitrous and nitric oxides, respectively.

Liquid thermal conductivities for nitric oxide were
estimated from the corresponding states correlation of
Schaefer and Thodos for diatomic gases:

k = k f(T,P,) (3—2)

where k = k;, for saturated liquid. The terms k. and
f(T,,P,) are available from the graph in Reid and Sher-
wood [/4].

In the cases of nitrous oxide and nitrogen dioxide, the
Stiel and Thodos correlation [/4] was modified for
liquid-state coverage:

(k — k®WZ5 = f(p,) (3-3)
where: -

k = dense-phase thermal conductivity
k® = low-pressure gas thermal-conductivity
Y= T‘."'BM”?/P[”S :
p, = reduced density, p/p..

This modification involved plotting available data (dense
gas and liquid phases) of (kK — k")yZ versus p, to es-
tablish the shape of the correlation curve. Thermal con-
ductivities were then determined from the relation:

ky = f(p)/YZ5 + kg (3-—-4)

in which the term f(p,) is available from the correlation
curve,
The results from the modified relation are in general

106

Vil 3o e i T B T il v e o il il s M = WPSTSRY S

agreement with available experimental data. Average
deviations are 3.5% for nitrous oxide, and 17.8% for
nitrogen dioxide,

Heat and Free Enefgy of Formation—
Fig. 3—11, 3—12

For these values, several sources give data for the ideal
gas, and agreement is within a maximum deviation of
less than 1%. One exception is a 5% deviation for the
heat of formation of nitrogen dioxide. #
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