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Gas analysis — Preparation of callbratmn gas mlxtures —_

Manometnc method

1 SCORE AND FIELD OF APPLICATION

This Intprnational Standard specifies a manometric method
for the jpreparation of calibration gas mixtures for which
the accdracy of the coricentration of each component may
vary within very wide limits, depending on the mixtures
being pifepared. For example, a relative accuracy of 1 %, on
a concéntration expressed in pressure ratio or mole
fraction[}, may be obtained in the case of mixtures of gases
which approach ideal gases2’, but with certain gases, such as
hydroc?}bons or pofar compounds for example, the
potentidl errors may be very much greater.

Considefing the fact that- the methods of calculation
employgd (Dalton, Amagat or Kay) are not absolutely
rigorous| this manometric method is often used to obtain
a first gpproximation of the desired concentrations, and
these ncentrations are subsequently measured by a
comparison method and, if need be, by a direct analytical
method

2 REFERENCE

1SO 6141, Gas analysis — Calibration gas mixtures —
Certificd te of mixture preparation.

3 PRIICIPLE

The method is a static method which. permits the preparation
of largd volumes of calibration gas mlxtures which are
availabl¢ under pressure;

The componentsCA)'B, C, etc. and the make-up gas are
injected| successively into an enclosure presumed to be of
constant volume, which -has previously been cleaned and
evacuated (the expansion of the enclosure due to variations
of its internal-pressure-is-negleeted

" After each injection, the pressure in the enclosure is

measured.

The concentration of the calibration gas is equal to the
ratio of the pressure change caused by the introduction of
the calibration component to the total pressure of the gas
mixture, and is expressed in terms of a pressure ratio.

The conversion of a concentration expresl;ed in terms of a

pressure ratio into a concentrationexpre

ssed in terms of

a mole fraction is obtained by different methods of calcul-

ation, the most common of which are :
— Dalton’s method;
-~ Amagat’s method;
— Kay's method.

These methods are described in annex B.

4 PRACTICAL EXAMPLE
4.1 Description of the filling system

Fhe manometric filling system is illustrat

in figure 1.

The previously cleaned cylinders to &
connected to a manifold (1) comprising
gauges {5 to 10) which cover the r
involved. At least one of these pressure
vacuum gauge (5) capable of measuring t

ed ‘schematically

e filled (3) are
series of pressure
nge of pressures
gauges shall be a
he pressure. in the

evacuated manifoid cylinders for the calibration gas, prior

to the admission of the calibration compo

hents,

The pressure gauges shall have a relative hccuracy adapted

to the accuracy desired, For example
accuracy of 1 % with respect to the ¢
pressure gauges shall have a relative acc
0,5 %.

, for a relative
bncentration, the
uracy of at least

components) (13) are likewise connected

0 a manifold (2).

The cylinders with the gases to be nlxed (calibration

The two manifolids (1) and (2} are con
(16).

cted via a valve

m {iquefied gases,

cooled to hmlt their partlal pressure, by means of the
device (14-15).

The cylinders and all the components of the filling system
shall be designed for the maximum pressure which may
arise, or shall be protected in an appropriate manner. This
condition applies particularly to the pressure gauges and to
the vacuum systems.

1) The transformation of the value of concentration from one set of units to another becomes more difficult as one gaseous component nears

its saturation point.

2) Annex A gives a brief review of the properties of ideal and non-ideal gases,
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4.2 Operating procedure

The gases shall be introduced into the device by observing
the following procedure :

The manifolds and the cylinders to be filled are evacuated
together down to a pressure cbm‘patible with the desired
mixture and it is checked that this residual pressure is
stable after the pumping system has been isolated; the
first component is then introduced into. the empty
cylinders. When the desired pressure is reached, the reading
is noted, but the pressure must be allowed to rise slow!
so as to avoid prrors caused by large changes in temperature.
After that, all the valves are closed and the manifold is
-again evacuated. The second component is then introduced
into the manifold at a pressure slightly higher than that of
the first component, in order to prevent the escape of the
latter. It is then introduced into the gas cylinders under the
desired pressure. The other components are introduced by
repeating the [same procedure until all have been injected.
Concentrations of the order of 107% expressed in terms of
pressure ratio|can be prepared by evacuating the device and
then injecting| the component. The latter, present in trace
amounts, is tHen conveyed into the calibration gas cylinder
which will be filled with the appropriate make-up gas.

Assuming an jdeal behaviour of the component according
to Dalton’s law, which states that the total pressure of a
mixture:-is qu:I to the sum of the partial pressures of the
components of this mixture, i.e.

the molar congentration is calculated as follows :

If the behaviolir of ‘real gases ratherithan’that of ideal gases
is considered,| it becomes necessary."to correct the values
of p; accordingly.")

As each component is introduced /into the mixture, any
increase in temperature{must be taken into consideration.
it is, thereforp, necessary either to make an appropriate
correction calqulation™or to wait until the entire apparatus
has regained ifs dnitial ambient temperature before taking a

when the next component is introduced. When the
homogenization has ultimately taken place, the mixture has,
in general, a lower Z-coefficient and, since the total mass
remains unchanged, there is generally an increase in the
pressure, |t has been found experimentally that the

‘variation may amount to a few percent. This leads to a

sizeable error which can be minimjzed by adjusting the
final theoretical pressure only after waiting — after a first
charge at a purposely lower pressure - until no further
change takes place.

- ust- also be
taken into consideration. It-is a function of the Himensions
and geometry of the container, of the turbulence caused
during injection, and of the mutual diffusion ¢oefficients
of the gases. Natural homogenizationof gas miktures may
require a delay of several weeks; it is possible t¢ accelerate
the process, by mechanical agitation for example

Products which are normally.figuid at ambient tpmperature
may also be used to fill'the cylinders since they have a
certain vapour pressure which is a function of their nature
and of their volatility. The vapour pressure of tlese liquids
must, however, e higher than their partial pressure in the
gaseous mixture, at the lowest temperature at| which the
sample is being'used. In other words, if the pressufre becomes
too high_ (or if the temperature becomes too low), there
will -be“~some 'condensation of the vapour| and the
concentration of the component in the mixture|will not be
constant. '

A common rule is to take
P;<0,7 pg;

where p; is the partial pressure of the component / and ps,f
is the liquefaction pressure at the minimum cg¢nservation
temperature (see the certificate of mixture greparation
described in 1SO 6141).

8 ACCURACY

The accuracy of the concentration of a mixture prepared in
this manner depends on several factors and partjcularly on
the nature of the gases. Under the most [favourable
conditions, i.e. under perfectly isothermal conditjons and at
pressures which, for the gas in question, coriespond to
Z-coefficients approximately equal to 1, the gccuracy :is
approximately that of the pressure measurementy :

pressure readi g nnd infrnduring the next component

It is generally preferable to introduce first the gas whose Z-
coefficient2) deviates farthest from unity, provided that it
is not the principal component of the mixture. The reason
for this is that if this gas is introduced last, it is in the most

compressed form and, as a result, .introduces. the 'Iargest‘

error,

Since the mutual diffusion of the components is generally
not rapid enough to homogenize the mixture during the
filling process, a piston effect on one component is evident

1) See annexes A and B,
2) See Adand A5.

2

Ap, A
it —21=02 g2
Pr Py

Ax,
then —— <2x1072
x4

This is the case with mixtures of gases (called “permanent’’)
comprising nitrogen, oxygen, hydrogen, helium, argon and
neon, as long as their partial pressures do not exceed about
10 bar.
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On the

other hand, with a CO, + H, mixture, deviation in

the relative value of as much as 20 % may occur. Annex C

gives ex

amples of calculations showing the various deviations

which may be found.

There are a certain number of restrictions which must be

known

before this method is employed. Large deviations

from the specified concentrations may occur if one or
more. components become liquefied or if the values of the
Z-coefficient are not applicable under the operating
conditions. A dewatlon from the expected values may also

occur i
or if i
additio
the mi)
react.

conceng

pressur
chlorin

is lmpossuble to dnsslpate th|s heat between the
n of successive components. Important errors in
ture composition may aiso be found if the mixtures
Certain mixtures can indeed react — even at
rations of the order of 10~% expressed in terms of
e ratio - examples . being oxygen and hydrogen,
b and hydrogen, nitrogen monoXide and dioxide and

18
1
17 D]q ()
3 11 °
" Hpk-@e

1

D

11 ICQ
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unsaturated hydrocarbons in the presence of sulphur
compounds. Errors also occur as a result of the normal
consequences of the polymerization of certain compounds

(0,5 %

hydrogen cyanide, for example) or decomposition

[for example of Ni(CO),] unless suitable. stabilizers are

added.

6 PRECAUTIONS TO BE TAKEN

The prlnmpal hazard in usmg manometrlc methods is the

dewces containing mixtures whnch are
pass through an explosive zone during
example, the compression of pufe_oXyge
of hydrocarbons is dangerous, since, dy
filling, the composition ofthe mixture

through the explosive zone; certain gases

ign of pressurized

eactive or could
preparation. For
n-in the presence
ring the cylinder
aries and may go
even when pure,

such as acetylene, expiode upon compressjon.

p)
11
11
13
11 :
13
11 17

S

14—

1 Proportioning manifold
2 Filling manifoid
3 Calibration gas cylinders
4 - - Vacuum pump
5 to 10 Manometers
1 Stopcocks
12 Make-up gas cylinder
13 Cylinders containing calibration constituents
14 Cylinder for readily volatile liquefied gas
16 Cooling device, if necessary
16 Regulating and cut-off valve
17 Safety valve
18 Purging and relief valve

FIGURE 1 — Diagram of manometric filling system for preparation of calibration gases
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ANNEX A

BRIEF REVIEW OF THE PROPERTIES OF IDEAL AND NON-IDEAL GASES v

A.1 DEFINITION OF AN IDEAL GAS

A perfect or ideal gas iis a non-liquefiable gas whose
molecuies — of zero volume — do not interact with each
ather. It obeys the following relationship

A.2 EQUATIONS OF STATE

A large number: of equations have been proposed to
describe the behaviour of real gases. !n general, the more
closely they represent reality, the more complex they are.

pV=nRT They may be conveniently classified according to - the
h number—of—constants—they—contain—Fhe—following are
where as examples :

p is the pfessure of the gas, in pascals;
‘V is the vplume of n moles of gas, in.cubic metres;
‘ T s the mperat_ure of the gas, in kelvins; /
Rv is ;che upiversal gas constant equal to 8,315 J/mol-K).
The principal pauses of the non-ideality of the real gases are :
— steric hjindrance : the molecules are not point masses;

— intermolecular forces (majoﬁ reason) : the molecules,
including the monoatomic. ones, exert on each other
certain forces of attraction which manifest themselves
by a definite molar volume at a given temperature;

— - electric|forces ;- in the case of polar molecules;
— hydroggn bonds;

— quantum effects.

— 2 constants : Van der Waals, Berthelot Dieterici,
Redlich-Kwong; '

— 4 constants: McLeod;
— b constants : Beattie-Bridgman; .

— 8 constants : Benedict-Webb-Rubin, etc.

A.3 PRINCIPLE OF CORRESPONDING STATES

An examination of the phase diagrams of all gases reveals
a great.similarity in the shape of the isothermsr Examples
of phase diagrams for carbon dioxide and ethylene are
given in figures 2 and 3 respectively.

The principle of the corresponding states is bafed on this
similarity.

+100°C ;
90 20
80! - 80
70! 70
5 60 % 60
: i+
g 507 1 g 50
o ! &
I
i
40 to 40
30 30
20 - 20 °C 20 _30°c

0 0,10 0,20 0,30 0,40 0,50 0,60 0,70 0,80

Molar volume, |

co,
p. = 72,9 bar?)
7.=31,1°C

FIGURE 2 — Phase diagram for carbon dioxide

1} 1 bar = 100 kPa

4

0 0,10 0,20 0,30 0,40 0,50 0,60 0,70 0,80

Molar volume, |

CoH,
p. =50,5 bar1!
T.,=10°C

FIGURE 3 — Phase diagram for ethylene
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It is readily apparent that, for example, the 50 °C isotherms
of these two gases are not directly comparable. in order to
make such a comparison, reference is made to the coordi-
nates of the critical point (p_ : critical pressure, 7_ : critical
temperature) by utilizing the reduced variables (p, :
reduced pressure, 7 : reduced temperature)
T.= 7_7—- and p = L
[+ pC .

Two gases are in corresponding states when they have the

1SO 6146 -1979 (E)

A5 DETERMINATION OF THE Z-COEFFICIENT
OF PURE GASES

A.5.1 Utilization of an equation of state

Numerous equations of state (see A.2) have been used for
the calculation of the Z-factors. The convergence between
various authors is generally sufficient to estimate the
relative value of the systematic error incurred at less than
1072, Curves for some gases are given for guidance in
annex D.

same réd re-

ure of 1 mole of C,H, (gas B) which is in a
correspofnding state :

GasA:T =-22+40 _ 1o
it R S T I I
920
== 1,23;
Pr=739" 1

GasB:T =77,
=1,02 x (273 + 10) = 288,66 K (= 15,6 °C)

P =p.p.
= 1,23 x50,6 = 62,12 bar.
The twolstates :
“co, 90 bar and C,H, ] 62,12 bar
a0°c - 156 °c

are, thedefore, corresponding\states; they show the same
deviatior] from ideality.

A.4 DEFINITION OF THE Z-COEFFICIENT

The Z-cgefficient: (also known as the Amagat constant) is
simply dgfined by the relation : . :

A5.2 Utilization of the principle of correjponding states
The Z-coefficient is a function of-the reduged parameters :
z=f{T,p,.2,)

where Z, corresponds (to) the value of the Z-coefficient at
the critical point. hydersen, Greenkorn and Hougen have
developed a relationship proposed by Meisj:wer and Sefarian.
The values of Z,“at Z_ values ranging between 0,23 and
0,29, are given in the ‘‘Lydersen Tables” [in annex E. This
range of Z/ values covers most of the common applications.

A.6 LAWS OF IDEAL GAS MIXTURES"

Under isothermal conditions :

A.6.1 Dalton’s law

The total pressure of a mixture is equal t¢ the sum of the
partial pressures of the components of the mixture in a
given volume,

I1fps, pg and p are the partial pressures o the components
A, B and C, then the total pressure p is :

p=pstpg Toc

AB.2 Amagat's law

The total volume of a gas mixture at a given pressure.is
equal to the sum of the partial volumes of the components
of the mixture

nRT
The Z-coefficient, which is equal to 1 for ideal gases, takes

account of the deviation from the ideal state. |t permits
the direct application of the law of ideal gas mixtures.

If V,, Vg and V. are the partial volumes of the
constituents A, B and C, then the total volume of the
mixture is :

V=V, + Vg + V,
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ANNEX B

CONVERSION OF:A CONCENTRATION EXPRESSED IN TERMS OF A PRESSURE RATIO
’ INTO A CONCENTRATION EXPRESSED IN TERMS OF A MOLE RATIO

This  conversion requires - allowance for the behaviour
of real gases. The equations containing the Z-coefficient are

B.2 AMAGAT'S METHOD
Retaining {hc notations—of—the—preceding—c¢lause, the

commonly usé¢d because of their simplicity. Two preliminary
choices are, hpwever, indispensable :

— that of ihé Z-coefficient of the pure gases (see A.5);

~ that of [the rule of mixing best suited to the problem.

Three methods are available for this second choice.

NOTE — The dffferent rules of mixing:laid. down in this annex are
applicable to gages which are no more than slightly polar. In the case
of polar gases, the incurred errors are much greater and difficult to
quantify. B )

B.1 DALTON'S METHOD

If ppo, Py and p. are the pressures read after the intro-
duction of the components A, B and C, then the pressures
pA%, pg” anfl p.* exerted by these same gases, if they
were ideal, ar i

Pa
p * I e
A z,

(Z 5 detérmined for the p , pressure value)
and,zas a first gpproximation :
Pg PA
pB * T cmnminamebssansunan.
e Z
(Zg deterrmined for the (p —P»J) pressure value)

. _PclPe

p
c z[

(Z determined for'the (o, —pg) pressure value)

* The concentrations, are expressed in mole fractions by the
relation :

corrected partial pressures of the components) A, B and C
are now : :

Pa

*

pat=—2
A A

—

(Z, determined for p,(¥ypg + p pressurg

«_PB " Pa

Pg Z

B

~—

(ZB determined forp, + Pg P pressure

« _PciPs

p
c Z,

~—~—

(Z determined for p, +pg + p pressurs

The mole fractions are also expressed by the relation :
p;*

Amagat’s correction is applicable with an accurpcy of less
than 5 % in the case of mixtures at low pressure (p <5 bar).
At high pressures, it proves to be better thah Dalton’s
correction, particularly in the case of gases whope reduced
temperature and pressure (T, and p,} are high.

B.3° METHOD OF PSEUDO-CRITICAL CONSTANTS

This method is a direct application of the ptinciple of
corresponding states. The gaseous mixture is considered as
a pure fluid whose “pseudo-critical’’ constants arp obtained
by the rules of mixing

The Z-coefficient of the mixture is equal to the weighted
average of the various values of Z taken at the respective
partial pressures :

Z(Xp+Xg +X)=Xp2Zp + X525 + XcZe
This method can be applied with good accuracy in the case
of mixtures prepared at low-pressures (p<< 3 bar). At high

pressures, it is used only with components ‘- whose
Z-coefficients are very different.

6

The most frequently used rule of mixing is Kay’s method.
The pseudo-critical constants of the mixture are the
weighted - averages of the critical constants of each
component, :

T, = ZXT,,
'oc,,n = E)(I'pc,'
z, =31XZ,

(X is the mole fraction, though only as a first approxi-
mation; it is subtituted by the concentrations expressed in
terms of pressure ratios.)
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The change to the reduced variables :

T P
Trm 2 e and P =
Cm ' pcm

and the use of Lydersen’s tables (see annex E) makes it
possible to determine the Z-coefficient of the mixture. The
mole fractions are then calculated from the relation

_ PilZ;
" op 2,

I1SO 6146-1979 (E)

of Kay’s rule. An accuracy of 2 to 5% can be expected in
the following region :

T, ;
02< 7 <05 and  p, .=

[
<j

Pe;

where /and / relate to any two gases.

Outside these limits, the incurred error may be as large
as 10%, with the largest errors occurring at critical

where

p; is fhe pressure of introduction of component /;

Pm t_he total pressure of the mixture.

The Iihiuations of the method are linked mainly to the use

Temperatures and pressures of the mixturd close to unity.

NOTE — In the case of He, H2 and Ne,-the reduced parameters
are obtained from the relationship

T 4
T, = , =
r Pr a8
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ANNEX C
EXAMPLES

C.1 BINARY MIXTURE OF CARBON DIOXIDE C.1.3  Conversion according to Amagat’s method

IN HYDROGEN

Not applicable since CO, is liquid atp = 100 bar,

This mixture at 20 °C is such that :

NOTE ~ This example represents, in fact, a very unfavourable case,

p,= 20 bar1) after the infrod‘uction of CO2 L since the three modes of calculation are outside their range of
, TeH,0
P, = 100 bar after the introduction of H, : application (pressure too high for Dalton’s method and T2
. ¢COgp
Numerical datg— - - - tootowforKay ‘s Tate);

; » The .method of pseudo-critical constants will, howevet| be retained,
zcoz at 20 bar = 0,87 but the molar concentrations witl be known ornly' with a relative
sz at 80 bar = 1,05 accuracy of 6 to 10 %.

T, s 304,2 K . C. 2 BINARY MIXTURE OF METHANE/NITRDGEN
CO,{ p. 5 72,9 bar This mixture at 16 °C is suchthat ‘
Z. 0,274 P, = 20 bar after the introduction of CH,
[ [
P, = 50 bar after the'introduction of N,
T, 333K Numerical data ;
Hy, { b, = 12,8 bar Zgy, at 20 bar = 0,963
Zc= 0,304 ZCH4 at'50 bar = 0,910
C.1.1 Converjion according to Dalton’s method 2y at 20 bar = 0,994
. B0 Z at 50 bar = 0,993
P, =1lgs = 762 bar N2
T.=190,7 K
PO
* == CH =458 b
P CO, da7 23,0 bar a3 Pe ar
Z, =0,290
X, ——-—2:-;——" 23,2 % )
€02 762+23 —— T.=126,2K
C1.2 Converjion according to the method-of pseudo- Ny p, =335 bar
critical constarjts Z_, = 0,291

Calculation of the critical parameters of the mixture :

= (0,2|x 304,2) + (0,8.x33,3) = 87,48

C.2.1 Conversion-according to Dalton’s method

20
* "
P CHy = 20,77 bar ‘

= (0,2|x 72,9). 40,8 x 12,8) = 24,82 0,963
Z, = (0,2|x0/27%) + (0,8 x 0,304) = 0,298 s 80 _
Cim PN, 0,004 30,18 bar
Calculation of the reduced parameters of the mixture :
X = 20,77 = 40,77 %
_20+273_ CHa ™ 20,77 +30,18 ———
'm 87,48 ! .
100 C.2.2 Conversion according to Amagat’s method
P, —-—-2482—403 20
p*CH4 = —= 21,98 bar

The ratio of these values in Lydersen’s tables indicates a 0.910
Z,, equal to 0,987. 30
" P*N., =——=30,21 bar
Hence 2 0,993
20 x 0,987 21,98
=——— =227 % e == 42,12 %
02T 087 x100 = Xens “198+30 22122

1) 1 bar = 100 kPa

8
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C.2.3 Conversion according to the method of pseudo-
critical constants

Calculation of the critical parameters of mixtures according
to Kay's rule :

Ten = (0,4 x190,7) + (0,6 x 126,2) = 162 K
P, = (0,4 x45,8) + (0,6 x33,6) = 38,42 bar
Zen = (0,4 x0,290) + (0,6 x0,291) ~ 0,290

1SO 6146-1979 (E)

Hence the molar concentration of the methane :

2 7
. -20x0973

= = 40,42 %
CHs "~ 0,963 x50 0,42

NOTE — The method of pseudo-critical constants is in this case the
most accurate since

TCN2

TCCH4

= 0,66

Calculatiofh of the reduced mixture parameters .

= 1,30

[
Kool Koy
i
N

Lydersen's| tables give Z_ = 0,973.
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Figures 4 fo 7 illustrate, for guidance, the variation of Z-coefficient with pressure for certain common gases.

NOTE — 1§

ar = 100 kPa

ANNEX D

Z-COEFFICIENT CURVES FOR COMMON GASES

1
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FIGURE 4 — Z-coefficient curves for oxygen and nitrogen
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FIGURE 5 — Z-coefficient curves for the inert gases
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ISO 6146-1979 (E)

ANNEX E
LYDERSEN'S TABLES")
P, = 0.01 P, =010 P, = 0.20
W 7 7] 7] 7 7 ] 7] W 7 7] 7]
Z,=023|2 =025)2 =027 (2, =029|2 =023|2 =026[2 =027z <=020]2 =023]|2 =025/ z =027(z, =029
T, 0.758 0.758 0.743 0.714 0.819 0.817 0.805 0.781
Sat. gas 0.886 0.895 0.898 0.900 0.820 0.830 0.833 0.839
Sat. liquid 0.0116 0.014 0.015 0.018 0.0227 0.028 0.030 0.034
T, 3 T T
0.50 0.0015 0.985 0.986 0.988 0.0150 | 0.017 0.018 0.021 0.0299 0.032 0,037 0.042
060 | |0.0013 | 0987 0.988 0.990 0.0130 0.0145 0.016 0.019 0.0260 0.028 0.033 0.038
0.70 0.988 0.989 0.990 0.993 00119 | 00140 | 0015 | 0018 | o0.0238 0.027 0.030 (| 0035
0.80 0.993 0.991 0.992 0.994 0.0114 0912 0.921 0.925 0.0228 0.026 0.030 0.854
0.90 0.997 0.993 0.994 0995 [ 0949 | 0.940 0.947 0950 [ 0886 | 0884 | 0890 ||
0.92 0.997 0.994 0.994 0.995 0.954 0.945 0.951 0.955 0.897 0:888 0.901 0.910
0.94 0.998 0.994 0.994 0.995 0.958 0.950 0.955 0.959 0.907 0.907 0.909 0.916
0.96 0.998 0.994 0.995 0.995 0.962 0.954 0.958 0.963 0.915 0,913 0.915 0.923
0.98 0.998 0.994 0.995 0.996 0.964 0.959 0.962 0.965 0.922 0.918 0.922 0.929
1.00 0.998 0.995 0.995 0.996 0.967 0.963 0.965 0.969 0.928 0.923 0.927 0.934 ‘
1.01 0.999 0.995 0.996 0.996 0.968 0.964 10.966 0.970 0.931 0.925 0.930 0.937
1.02 0.999 0.995 0.996 0.996 0.970 0.965 0.967 0.971 0934 0.929 0.933 0.939
1.03 0.999 0.995 0.996 0.996 0.971 0.967 0.968 0.972 0.936 0.931 0.935 0.941
1.04 0.999 0.995 0.996 0.996 0.972 0.969 0.970 0.973 0.939 0.934 0.938 0.943
1.06 0.999 0.996 0.996 0.997 0.973 0.971 0.971 0.974 0.940 0.936 0.940 0.946
1.08 0.999 0.996 0.996 0.997 0.974 0.972 0.972 0.975 0.942 0.939 0.942 0.948
1.07 0.999 0.996 0.996 0.997 0.975 0.973 0.973 0,976 0.945 0.941 0.944 0.950
1.08 0.999 0.998 0.996 0.997 0.976 0.974 0.974 0977 0.946 0.943 0.946 0.952
1.09 0.999 0.996 0.997 0.997 0.977 0.975 0.975 0.978 0.949 0.945 0.948 0.954
1.10 0.999 0.996 0.997 0.998 0.978 0.576 0.976 0.979 0.951 0.948 0.950 0.955
112 0.999 0.997 0.997 0.998 0.979 0.977 0.977 0.980 0.954 0.951 0.953 0.957
1.14 0.999 0.997 0.997 0.998 0.980 0.979 0.979 0.981 0.958 0.953 0.957 0.959
116 1.000 0.997 0.997 0.998 0.982 0.981 0980 0.982 0.960 0.957 0.960 0.962
118 1.000 0.997 0.997 0.998 0.983 0.982 0.382 0.983 0.963 0.960 0.963 0.964
1.20 1.000 0.997 0.998 0.998 0.984 0.983 0.983 0.984 0.965 0.963 0.965 0.967
1.30 1.000 0.998 0.998 0.998 0.989 0.987 0.987 0.988 0.974 0.970 0.974 0.975
1.40 1.000 0.998 0.998 0.999 0.992 0.989 0.990 0.991 0.981 0.980 0.982 0.982
1.50 1.001 0.998 0.999 0.999 0.995 0.999 0.991 0.992 0.986 0.985 0.986 0.986
1.60 1.001 0.998 0.999 1.000 0.997 0:992 0.992 0.992 0.990 0.988 0.988 0.988
1.70 1.001 0.998 0.999 1.000 0.998 0.992 0.992 0.992 0.992 0.989 0.989 0.989
1.30 0.999 0.999 1.000 0.993 0.993 0.993 0.991 0.991 0.991
1.90 0.999 1.000 1.000 0.993 0.993 0.993 0.993 0.993 0.993
2.00 0.999 1.000 1.000 0.994 0.994 0.994 0.994 0.994 0.994
3.00 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1
4.00 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
6.00 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
8.00 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
10.00 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
15.00 1,000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

1) - Extract from The properties of gases and liquids by Reid and Sherwood.
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ISO 6146-1979 (E)

P, = 0.30 P, = 0.40 P, = 0.50
14 7 7 - W 7 7 7 W 7 N LA
2,=023] 2,=025]2=027]2,=029]2 -023| 2 =025]2=027]|2 =029]|2 =023|2 =026]2 =027]2 =029
T, .~ 0.858 0.856 0.846 0.826 0.889 0.885 0.876 0.861 0.914 0.910 0.900 | 0892
Sat. gas 0.760 0.780 0.783 0.790 0.700 0:732 0.738 0.746 0.650 0.681 0.693 0.698
Sat. liquid 0.0347 0.040 0.045 0.051 0.047 0.052 0.060 0.068 | 0.060 0.069 0.077 0.086
T,
0.50 0.0448 0.048 0.055 0.063 0.0597 0.062 0.073 0.084 0.0745 0.080 0.093 | 0105
0.60 0.0389 0.043 0.049 0.056 0.0519 0.057 0.065 0.075 0.0648 0:071 0082 | 0084
0.70 0.0356 0.040 0.046 0.052 0.0474 0.053 0.061 0.070 0.0591 0.066 0.076. | 0.087
0.80 0.0342 0.039 0.044 0.051 0.0456 0.051 0.059 0.067 0.0568 0.064 0073 | 0084
090 | 0813 | 0822 | 0826 | 0840 | 0721 | 0746 | 0764 | 0775 | 00590 | 0068 ) 0077 | 0706
0.92 0.836 0.835 0.842 0.852 0.756 0.767 0.783 0.789 0.662 0.692 0.710 0.729
0.94 0.851 0.853 0.856 0.862 0.786 0.790 0.798 0.806 0.712 0.721 0735 | 0782
0.96 0.865 0.864 0.868 0.876 0.809 0.805 0.817 0.820 0.746 0.750 0.761 0.773
0.98 0.877 0.873 0.879 0.885 0.826 0.824 0.832 0.832 0.774 0.772 0.782 0.793
1.00 0.888 0.882 0.889 0.893 0.844 0.838 0.846 0.852 0,798 0.792 0.801 0.808
1.01 0.893 0.886 0.893 0.897 0.851 0.844 0.852 0.858 0.805 0.800 0.809 - | 0816
1.02 0.898 0.890 0.897 0.902 0.858 0.852 0.858 0.864 0.817 0.808 0817 | 0824
1.03 0.901 0.894 0.901 0.906 0.863 0.856 0.863 0.869 0.825 0.818 0825 | 0831
1.04 U.906 U898 0905 A ALY 0870 0861 0808 0874 0:83% 0:82% U832 0.838
1.05 0.910 0.902 0.908 0913 0.875 0.868 0.873 0,879 0.842 0.833 0838 | 0845
1.06 0.912 0.906 0.911 0918 0.880 0.873 0.878 0.886 0.848 0.840 08ds | 0852
1.07 0.916 0.910 0.916 0.920 0.885 0.878 0.883 0.889 0,855 0.846 08490 | 0857
1.08 0.920 0913 | 0918 0.923 0.890 0.882 0.886 0.891 0.861 0.851 0846 | 0860
1.09 0.922 0.918 0.920 0.926 0.893 0.886 0.890 0.893 0.866 0,855 0.842 0.865
110 0.925 0.919 0.923 0.927 0.898 0.889 0.894 0.899 0.872 0:860 0846 | 0870
‘112 0.930 0.924 0.928 0.931 0.905 0.896 0.901 0.904 0.882 0:870 08f6 | oers
114 0.934 0.928 0.933 0.936 0913 0.903 0.907 0.912 0.890 0.878 0. 0.887
1.16 0.940 0.934 0.937 0.939 0918 0.911 0913 0.917 0.898 0.886 0.841 0.894
118 0.943 0.937 0.942 0.943 0.923 0.915 0.918 0.924 0.905 0.893 0898 | 0803
1.20 0.946 0.942 0.946 0.948 0.928 0.920 0.924 0.931 0:914 0.901 09¢s [ 0916
1.30 0.961 0.959 0.961 0.963 0.948 0.944 0.945 0.946 0:937 0.931 0.931 0832
1.40 0.968 0.870 0.972 0.973 0.960 0.957 0.959 0.961 0.954 0.948 0949 | 0450
1.50 0974 0.978 0.980 0.980 0.971 0.968 0.970 0.973 0.966 0.961 0.943 0.965
1.60 0.984 0.984 0.985 0.985 0.979 0.978 0.978 0.978 0.975 0.970 0.913 0.976
1.70 0.988 0.988 0.989 0.989 0.984 0.984 0.984 0984 0.981 0.978 0.940 0.980
1.80 0.991 0.991 0.991 0.987 0.987 0.987 0.985 0.985 0.985
1.90 0.993 0.993 0.993 0.991 0.991 0.991 0.989 0949 - | 0989
2.00 0.994 0.994 0.994 0.994 0.994 0.994 0.993 0.993 0.993
3.00 1.000 1.000 1.000 1.000 1.000. 1.000 1.000 1.040 1.000
4.00 7.000 1.000 1.000 1.000 1.000 1.000 1.000 1.040 1.000
6.00 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1000 | 1.000
8.00 1.000 1.000 1.000 1.000 7.000 1.000 1.000 1 1.000
10.00 1.000 1.000 1.000 1.000 1000 1.000 1.000 1 1.000
15.00 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.0¢0 1.000
P, = 0.60 P, = 0.70 P, = 0.80
W 7] 7 7 7 7]
2,-023| 2 =025 |2 =027 |2, =020z =023z <0252 =027 |2 =029]2 =023 2 =025 |2 =|027|Z =029
T, 0.940 0.932 0.928 0.919 0.954 0.952 0.949 0.942 0.971 0.969 0.967 0.963
Sat. gas 0.602 0.628 0.641 0.650 0.548 0.570 0.583 0.596 0,486 0.505 0.519 0.536
Sat. liquid 0.0749 0.086 0.096 0.103 0.091 0.103 0.114 0125 0.110 0.124 o1ge { 0.150
T,
0.50 0.0894 0.096 0.110 0426 0,104 0.112 0.128 0.147 0.119 0.128 0.1l47 0.168
0.60 0.0776 0.086 0.098 0:112 0.0804 0.100 0.113 0.131 0.103 0.114 0.130 0.149
0.70 0.0709 0.079 0.092 0104 0.0826 0.092 0.106 0.121 0.0942 0.105 0421 0.138
0.80 0.0679 0.077 0.088 0.101 0.0790 0.089 0.102 0.117 0.0900 0.102 0116 0.133
0.90 0.0706 0.080 0081 | 0103 [ 00817 0.092 0.105 0.120 0.0927 0.105 0.120 0.136
0.92 0.0721 0.082 0'093 | 0652 0.0834 0.095 0.108 0.123 0.0946 0.107 0.422 0.139
0.94 00748 | 0685 |\ 0,660 0.684 00866 | 0098 | 0111 | 0126 | o0.0961 0.111 0.126 0.143
0.98 T0638 | 0684 0.700 0708 | 00933 | 0598 0613 | 0630 | 0105 | 0117 | 0133 | 0150 |
0.98 0.675 0.712 0731 0736 [ 0632 0.636 0.665 0.669 0.528 0.555 0.480 0.598
1.00 0:709 0.744 0.755 0.760 0.680 0.690 0.704 0.710 0.605 0.616 0.440 0.652
1.01 0.728 0.756 0.766 0.772 0.700 0.706 0.718 0.726 0.634 0.642 0.461 0.671
1.02 0.744 0.765 0.776 0.782 0.718 0.720 0.732 0.738 0.659 0.664 0.479 0.689
1.03 0.754 0.778 0.785 0.792 0.732 0.736 0.745 0.751 0.679 0.682 0.496 0.701
1.04 0.767 0.786 0.794 0.800 0.746 0.745 0.756 0.760 0.697 0.699 ofos | oms
1.05 0.7177 0.798 0.802 0.808 0.760 0758 0.766 0.770 0.715 0.716 0.123 0.727
1.0 0.785 0.805 0.809 0.818 0.771 d.769 0.775 0.780 0.728 0.728 0.134 0.739
1.07 0.795 0.811 0.817 0.824 0.782 0.776 0.782 0.788 0.743 0.738 0.145 0.750
1.08 0.805. 0818 0824 0829 0793 0786 0.790 0.797 0.756 0.748 0.155 0.762
1.09 0.813 0.823 0.830 0.834 0.801 0.792 0.798 0.802 0.766 0.758 0.764 0.769
1.10 0.822 0.831 0.837 0.840 0.810 0.800 0.805 0.808 0.779 0.766 0.773 0.776
1.12 0.840 0.842 0.849 0.852 0.826 0.814 0.818 0.822 0.800 0.785 0.789 0.791
1.14 0.855 0.852 0.859 0.863 0.839 0.827 - | 0830 0.832 0.815 0.800 0.804 0.806
1.16 0.868 0.861 0.870 0.874 0.850 0.840 0.842 0.844 0.827 0.815 0.817 0.819
1.18 0.878 0:870 0.878 0.880 0.862 0.848 0.852 0.856 0.838 0.825 0.830 0.831
1.20 0.889 0.880 0.905 0.888 0.871 0.860 0.862 0.864 0.848 0.839 0.840 0.842
1.30 0.921 0.916 0917 0.918 0.909 0.900 0.900 0.902 0.890 0.886 0.888 0.880
1.40 0.940 0.934 0.937 0.940 0.932 0.926 0.928 0.930 0.922 0.920 0.921 0.922
1.50 0.954 0.950 0.953 0.956 0.949 0.947 | 0.948 0.949 0.941 0.944 0.945 0.946
1.60 0.965 0.960 0.965 0.970 0.963 0.963 0.964 0.965 0.958 0.960 0.960 0.960
1.70 0.973 0.971 0.974 0.977 0.972 0.974 0.974 0.975 0.968 0.970 0.972 0.972
1.80 0.982 0.982 0.982 0.982 0.982 0.982 0.980 0.980 0.980
1.90 0.987 0.987 0.987 0.987 0.987 0.987 0.981 0.987 0.987
2.00 0.992 0.992 0.992 0.992 0.992 0.992 0.990 0.990 0.990
3.00 1.000 1.000 1.000 1.000 1,000 1.000 1.000 1.000 1.000
4.00 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
6.00 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
8.00 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
10.00 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
15.00 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
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