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ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
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Introduction

This part of ISO 6145 is one of a series of International Standards that present various dynamic volumetric
methods used for the preparation of calibration gas mixtures. In the lower part of the mole fraction range
considered, it is difficult to prepare and maintain gas mixtures — for example of certain organic or reactive
components — in cylinders. This dynamic method has the advantage of a practically unlimited supply of

If the complementary gas flow is measured as a gas mass flow, the preparation of calibration gas mixtures
using diffusion is a dynamic-gravimetric method which gives contents in mole fractions.Prindiples for the
meagurement of the complementary gas flow are given in ISO 6145-1.

© 1SO 2005 - All rights reserved \
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Gas analysis — Preparation of calibration gas mixtures using
dynamic volumetric methods —
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Diffusion method
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mixtlires containing component mole fractions ranging from 109 to 10-3. A-telative expanded u

mea
k=2
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appl
temg
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gas mixtures of water.

2
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refer]

docu

ISO
Part

3

The

Scope
part of ISO 6145 specifies a dynamic method using diffusion for the—~preparation of ca

surement, U, obtained by multiplying the relative combined standard>uncertainty by a coV
, of not greater than + 2 % can be achieved by using this method.

beping the path between the diffusion source and place of se”“as short as possible, the mg
ed for the generation of low-concentration calibration gases.of organic components that are li
erature, with boiling points ranging from about 40 °C to 160 °C.

part of ISO 6145 is applicable not only for the gerieration of calibration gas mixtures of a W
bcarbons at ambient and indoor air concentratiofilevels, but also for the generation of low-g

Normative references

following referenced documents: are indispensable for the application of this documen
ences, only the edition cited"applies. For undated references, the latest edition of the
ment (including any amendments) applies.

5145-7, Gas analysist—— Preparation of calibration gas mixtures using dynamic volumetrig
7: Thermal mass<low controllers

Principle

calibration component migrates by diffusion through a diffusion tube of suitable dimens

diam

ibration gas
ncertainty of
erage factor

thod can be
quid at room

ide range of
oncentration

. For dated
referenced

methods —

ons (length,

eter) into a flow of a complementary gas, i.e. the complementary gas of the mixture prepare

d. The liquid

calibration component, of a known high purity, is contained in a reservoir that acts as the source of the
component vapour. The reservoir is provided with a vertically placed diffusion tube. This assembly (the
diffusion cell) is placed in a temperature-controlled containment that is purged at a known and constant flow
rate by a high-purity complementary gas (see Figure 1). The composition of the mixture is determined from
the diffusion mass flow of the calibration component and the flow rate of the complementary gas.

The diffusion mass flow rate of the calibration component in principle depends on

its diffusion coefficient in the complementary gas,
its vapour pressure at the temperature of the containment,

the dimensions of the diffusion tube.

© 1SO 2005 - All rights reserved
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Accurate determination of the mass flow rate is achieved by either continuous weighing, after mounting the
tube in a suspension microbalance, or by periodic weighing. The method of determination affects the
uncertainty of the (momentary) mass flow of the calibration component (see 7.2).

Key

1 complementary gas inlet
2  containment

3 diffusion|tube

4 liquid regervoir

5 calibratign gas outlet

Figure ¥ — Schematic of diffusion apparatus

4 Reaggnts and materials

4.1 Liquid substances to be used as calibration component, of the highest possible purity so as to
avoid any effects on the’ diffusion mass flow.

If possible, the-nature and quantities of the impurities should be known and allowance made for their effegts.

4.2 Complementary gas, of known purity, established by appropriate analytical techniques, e.g. Fourier-
transform infrared spectrometry or gas chromatography.

The nature of the complementary gas shall be adapted to the substance to be used as the calibration

component. For example, air shall not be used as complementary gas for the preparation by diffusion of
calibration gas mixtures of oxidizable substances.

2 © 1SO 2005 — All rights reserved
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5 Apparatus

5.1

5.1.1

Diffusion apparatus

Materials

The materials of the diffusion apparatus shall be chosen so as to avoid effects of physical or chemical sorption
or desorption on the content of the calibration component. The smaller the desired content, the greater the
effect of sorption/desorption phenomena.

Diffu

ion reservoirs and tubes. as well as temperature containments and blending appar:

tus, should

prefg

supp
posS

5.1.2

Befo
that
the @

The
satu
com
diffu
diffu

whele

5.1.3

The
requ

closg to ambient temperature or at a temperature sufficiently above ambient so as to avoid effect
itions on temperature control. The use of a temperature slightly above ambient has two advantages:

cond

rably be manufactured out of borosilicate glass. Choose chemically inert, flexible tube mat
ly of complementary gas and transport of calibration gas mixture. Pay special attention-to_ all
ible sources of leaks.

Complementary gas flow configuration
re the complementary gas reaches the diffusion cell, it is essential that its temperature be
pf the diffusion cell containment. In order to achieve the uncertainty stated-in Clause 1, the te
ontainment should be controlled to within + 0,15 K.
minimum flow rate of the complementary gas should be sufficientdo remove all component v4
ation. The maximum allowable rate should be low enough te avoid convective transport of th
ponent vapour inside the diffusion tube. This maximum flow rate is dependent upon the ged

sion apparatus. It is recommended to keep the Reynoldsnumber of the complementary ga
Sion cell below 100. At a temperature of 25 °C, the following condition should approximately b|

v-d <16x1073

is the average linear velocity of the.complementary gas, in metres per second;

1 is the diameter, in metres, of the' tubing through which the complementary gas flows.

Choice of temperature

choice of temperaturé depends on the diffusion cell characteristics and the diffusion m4
red. To carry out temperature control, establish thermal equilibrium within the diffusion c¢g

bccurate eontrol of temperature can more easily be achieved near ambient temperature,

he'temperature of the complementary gas can more easily be controlled.

erials for the
junctions as

controlled to
mperature in

pour without
e calibration
metry of the
5 flow in the
e fulfilled:

ss flow rate
Il at a value
s of ambient

5.2

Diffusion cells, consisting of a borosilicate glass reservoir capable of holding a sufficiently large

quantity of the liquid calibration component, fitted with a diffusion tube. Several design examples are given in
Reference [1].

In principle, Equation (1) can be applied for the prediction of diffusion volume flow rates [l and, conversely, for
the calculation of approximate dimensions and temperatures of diffusion tubes and containments necessary
for the generation of a given mass flow rate of the calibration component.

|

p
P—Pv

QV(A):%D'ln( (1)
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where
ap(A)
A
L

D

p
Py

If no data fi
method of F
Data for the
gases and v

is the volume flow rate of component A, in cubic metres per second;

is the cross-sectional area of the diffusion tube, in square metres;
is the length of the diffusion tube, in metres;
is the diffusion coefficient, in square metres per second;

is the pressure in the diffusion cell, in pascals or kilopascals;

s the partial pressure of the calibration component, in pascals or kilopascals.

pr the diffusion coefficients exist, methods for their calculation are given in the “literature.
Lller, Schettler and Giddings [2] is the most successful, but errors of up to 25 % ‘¢an easily o
atomic and structural volume increments applicable to calibration componentiarid compleme
hpours are given in Reference [4].

To achieve the best performance, diffusion tubes should remain within the followijng.dimensional ranges:

L>0,03

ratio of

diamets

NOTE u
containing hig
in volume frad

6 Proce

6.1 Prelin
Before asse
to be assess
chromatogrz

Periodically
an indicatior
than 1 % pe
diffusion cel

m;
. to diameter of diffusion tube > 3;
r: 0,001 mto 0,02 m.

hits which operate on the diffusion principle are comniercially available and provide calibration gas mi

tions of 10 =9 and its performance details are given'in Annex A.

dure

hinary checks and operating conditions

phy) so as to quantify any likely major contaminants.

check the diffision mass flow at a known, fixed temperature and complementary gas flow ra
of stability) of the calibration compound in the reservoir. If the diffusion mass flow drifts by
I month;-this may be an indication of the presence of impurities. In that case, the contents g
shauld be replaced.

The
ccur.
ntary

tures

hly adsorptive vapours. An example of one such unit'for the preparation of reference standards of humidity

mbling or filling a diffusion cell, the purity of the substance to be used as calibration compongnt is
ed using an appropriate analytical technique (e.g. Fourier-transform infrared spectrometry of

gas

e as
more
f the

When first placing the diffusion cell in its containment, allow the system to equilibrate before performing the
first weighing so as to ensure constancy of the diffusion mass flow. Generally, a period of 24 h is sufficient.

To change the content of the calibration gas mixture, adjust the complementary gas flow rate. Alternatively,
the calibration gas mixture can be further diluted, and its contents adjusted, by application of a secondary flow
of a diluent gas. Changing the temperature of the diffusion-cell containment for adjustment of the content of
the calibration gas mixture is not recommended.

During the period of use, maintain the diffusion cell at constant temperature in order to avoid delay due to the

time needed

to restore equilibrium.
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6.2 Determination of mass loss

6.2.1 Handling the diffusion cell

Ensure that all weighing is performed with extreme cleanliness and avoid direct contact of the diffusion cell
with hands. Use gloves and clean pliers or tweezers. If appropriate, depending on the type used, close the
diffusion cell before weighing.

6.2.2 Periodic-weighing mode

The temperature and relative h||m|d|+y inthe \Mmghmg room-should be controlled and l(npf constant durmg

successive readings. The cell is periodically removed from the enclosure, weighed, and returned|immediately
to the enclosure. In a given time interval, the diffusion cell will decrease in mass. The measurgment of this
change in mass will have an associated measurement uncertainty. Therefore, the choice of the [time interval
over|which the weighings are made depends on the required uncertainty. Choose the time interyal such that
the weighing uncertainty is a small fraction (e.g. < 1%) of the mass loss of the diffusion_cell during|this interval.
Determine the diffusion rate by calculation of the mass difference between the periodic weighings [and the time
interyal between them.

Becquse of the dependence of the diffusion mass flow rate on ambient ‘préssure, a correction| to standard
pressure (usually 101,325 kPa) may be applied as follows

7 (A)=Am P

In(A)=— 0 (2)

whele

q .. (A)is the average mass flow rate of compopent A from the diffusion cell over time period|A¢, in grams
per minute;

Am is the mass difference, in grams;lbetween consecutive weighings;

At is the time interval, in minutes, between consecutive weighings;
p is the average air pressure, in kilopascals, over the interval between weighings;
Do is the standard pressure for correction (usually 101,325 kPa).

The [actual momentary-mass flow is then calculated from g, (A) by applying a reverse correction for actual
presgure

0 (A)2T (A) 2 (3)
p

whenep I1s the actual air pressure in kilnpnar‘nle

NOTE An example of the mass flows of diffusion cells for toluene and for trichloromethane as a function of time is
given in Annex B.

6.2.3 Continuous-weighing mode

The diffusion cell is weighed continuously on a load cell that transmits its readings to a computer (acquisition
analysis diagnostics). Choose the frequency at which weighings are to be recorded to be as close as possible
to the value obtained by dividing the diffusion rate by the accuracy of the weighing system. This will indicate
systematic deviations from a constant mass-loss rate.

© 1SO 2005 - All rights reserved 5
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EXAMPLE A diffusion rate of 2,0 x 10-6 g-min-1 and a weighing system accuracy of 1 x 10-6 g would suggest a
sampling rate of 2 min-1.

7 Expression of results

7.1 Calculation

The mass concentration of the calibration component A in the resulting gas mixture, S(A), is given by:

B(A) 2 4)
qy

q,,(A) i the diffusion rate (mass flow) of the calibration component A having dimensions M-T-1 ang, for
ekample, expressed in micrograms per minute (ug-min-1);

the total volume flow rate of the complementary gas plus the flow rate of the component|gas,
aving dimensions L3-T-1 and expressed, for example, in litres per minute (I-min~1).

7

qy

=)

For practical purposes, the flow rate ¢;, of the component can be neglected. In the case of a two-gtage
dilution procedure the flow rate ¢, is the sum of the flow rates of the complementary gas and the diluent gas.

The above dalculation then gives the mass concentration of the gas mixture, B(A), in dimensions of M-L{3, in
units for example of micrograms per cubic metre (ug-m-3)xNote that in this case the concentratipn is
dependent dn the pressure and temperature conditions.

The calculated concentration can be converted into a~mole fraction, x(A), by taking into account the molar
mass, M(A)| of the component gas and the molar, mass, M,, of the sum of the gases under measurement
conditions. The mass flow rate of the mixture can be calculated from the multiplication of volume flow|rate,
qy 1o @nd the density, py, of the mixture under -measurement conditions; the molar mass flow rate is|then
obtained by| dividing (g 1t % Ptot) BY Miore For practical purposes the density and the molar mass of the
complementary gas under measurement-conditions can be used:

4 m (‘ ‘) M ot
x(A X 5
( ) M(A) 97 tot * Piot ©)

Combination] of Equations (4)and (5) gives:

_|A(A) Sy
R Ty ©

Alternatively, if the complementary gas flow is measured as a mass flow of gas, ¢,, 4, the mole fraction of the
resulting gas mixture can be calculated by taking into account the molar mass of the component gas, M(A),
and that of the complementary gas, Mg The component gas flow can usually be neglected in the sum of the
mass flow so that:

7
M(A)  Tmeg v

The results may be expressed in any appropriate units.

6 © ISO 2005 — All rights reserved
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Equations (4), (6) and (7) are related by constants which have a negligible uncertainty associated with them

(the typical relative uncertainty in a molar mass is + 1 x 10‘5). Therefore, the relative uncertainty associated with the mole
fraction is the same as that associated with the mass concentration.

7.2

7.21

Sources of uncertainty

General

There are several sources of uncertainty, the principal ones of which are identified below:

a)

measurement of mass flow from diffusion cell:

e)

An e
perid

7.2.2

7.2.2

— balance,

— buoyancy effects,

— purity of calibration component,
— stability of calibration component,

— effects of sorption or desorption;
short-term fluctuations in mass flow of the calibration component;
measurement of time;

measurement of flow rate of complementary gas and oeptional diluent gas:
— flow meter,

— purity of complementary gas and optionaldiluent gas;
short-term fluctuations in complementary-and diluent gas flows.

xample of an uncertainty evaluation/of the generation of a calibration gas mixture by diffusiq
dic weighing, is given in Annex:C.

Measurement of the mass flow from the diffusion cell

A Balance

n, based on

Uncgrtainties in the-mass measurement usually result from deficiencies in the calibration of the weighing

devi
inter
bala

e and/or from the limited sensitivity of the balance. Weighing devices shall be traceably ca
als between subsequent weighings shall be sufficiently large so as to minimize the cg
nce resolution to the combined uncertainty.

7.2.2-2—Bueyancy-effeets

ibrated. The
ntribution of

The mass of air displaced by the diffusion cell during weighing affects the apparent mass. Compensation for
this can be made by calculation of the magnitude of this buoyancy change. The true mass loss, Am, of the
diffusion cell is calculated according to Equation (8):

Am=my=my+(p1=p2)V

where

m4 is the apparent mass of the diffusion cell at the time of the first weighing;

my is the apparent mass of the diffusion cell at the time of the second weighing;

© 1SO 2005 - All rights reserved
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4 s the density of air at the time of the first weighing;

0, is the density of air at the time of the second weighing;

V' is the volume of the diffusion cell.
In the case in which the atmospheric conditions (temperature, pressure and humidity) remain constant in the
interval between the first and second weighings, the buoyancy will remain constant and the determination of
mass loss, given by the difference between the initial and final weighings, will not be subject to a buoyancy

correction.

If a two-pan i foTT i St frrTi i ass
having the seme volume as the diffusion cell.

If a single-gan balance configuration is used, then the buoyancy effect can be eliminated by !perfoqming
relative weighings against the same tare mass having a volume equal to that of the diffusion cell.

Alternatively} if no correction for buoyancy is applied, then the uncertainty due to buoyancy effects shall be
fully taken into account.

7.2.2.3  Pprity of the calibration component

As discussefl above in 3.1, before using a diffusion cell for the preparation ‘of gas mixtures, any impurities in
the calibration component shall be identified and quantified, or upper limits placed on their relative
concentratiops. Appropriate analytical techniques shall be used for:this purpose. Frequent (e.g. wegekly)
checks on the diffusion mass flow rate at a fixed temperature and complementary gas flow rate are a good
means of vefifying that a single component is diffusing (see 6.1).

7.2.2.4  Stability of calibration component
Some substances may undergo polymerization or may react, either with other compounds present or| with

diffusion cell materials. This will have the effect of reducing the true concentration of the final gas mixture| and
account sha|l be taken of this effect in determination of the total uncertainty.

7.2.2.5 Effects of sorption or desorption

The apparafus shall be allowed to_reach equilibrium before use. The establishment of equilibrium can be
checked by measuring the calibration component content as a function of time.

7.2.3 Shoint-term fluctuations in calibration component mass flow

In addition t¢ the uncertdinty arising from the contributions described above, the momentary mass flow that is
used for the|calculation of actual concentration values is governed by short-term fluctuations. In genera|, the
uncertaintieg related-to these short-term fluctuations add to the average mass flow as

4 m(A) Sathr+ZoethY (9)
in which X6 ¢,,(A) represents the sum of contributions of sources of short-term variation in ¢, (A).

Starting from Equation (2), applying Maxwell’s and Antoine’s equations to express D and p, as functions of
temperature and air pressure, £5 ¢, (A) can be expressed as follows:

25qm(A)=(c1+cz)§p+C3§T (10)

where op and o7 represent short-term fluctuations in air pressure and diffusion cell temperature, and ¢y, ¢,
and c3 are sensitivity coefficients derived from characteristics of the diffusion cell, the calibration component
and external conditions.

8 © ISO 2005 — All rights reserved
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Application of Equation (10) for the derivation of uncertainty contributions shows that, in practice, when
diffusion cell temperature is controlled to within + 0,15 K, normal fluctuations in air pressure will lead to relative
uncertainties in ¢, (A) of about 0,4 % to 0,6 %. These are due mainly to uncertainties of the components’
vapour pressures due to temperature variations.

7.2.4 Measurement of time

The measurement of the time interval between weighings may be incorrect due to errors in the time
measurement. This is minimized by regular traceable calibration of the measuring device. The calibration
uncertainty shall be considered in the overall uncertainty analysis.

7.2.‘.J Measurement of the flow rate of the complementary and diluent gases

7.2.5
The

in th
metdq

7.2.5

Any
relat

7.2.6

Shor
of flg

7.2.7

The

.1 Flow meter
measurement of the flow rate of the complementary and diluent gases contributes’to the fing

b composition of the calibration gas mixture. This is minimized by regular traceable calibratio
r. Uncertainties for various flow meters shall be estimated as specified inASO6145-1.

.2  Impurities of complementary and diluent gases

mpurities in the complementary gases shall be identified and quantified, or upper limits plg
ve concentrations. Appropriate analytical techniques shall bedused for this purpose.

Short-term fluctuations in complementary and diluent gas flow rates

w rates. In general, the relative uncertainty ass@ciated with these fluctuations is estimated to

Possibility of leaks

bresence of a leak within the diffusion apparatus has an effect on the measurement uncertain

mixtlre. If there is a leak immediately after the complementary gas has swept over the diffusion

cong
leak
and

entration of the prepared gas-mixture is lower than the value calculated using Equation (2)
test of the diffusion apparatus should be conducted before measurements are made using
n upper limit placed on the' magnitude of leaks present.

| uncertainty
n of the flow

ced on their

t-term variations in complementary and diluent gas flow rates shall be checked by repeated measurement

be < 0,4 %.

ty of the gas
cell then the
A thorough
the system,
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Annex A
(informative)

Practical example of a diffusion cell calibrator configured for evaluating
speed of response in a hygrometer

A.1 Genegfral background
The diffusiop method has been applied to moisture generation for a number of years and approved for uge on
non-reactivel gases including methane. The schematic setup is essentially similar to that described.in Clajise 5
and given in Figure A.1, with adequate monitoring and/or control of the significant variable€s,outlined ynder
earlier sectigns.
The significance and convenience of this method is that it permits the fundamental performance assessment
and intercomparison of different cells, engineered to produce the same results,~Using mass as the grime
intercomparison unit. Concentration ranges from 5 x 109 to 10-3 have been achieved with good repeatalility.
2
7
3 b 6
1 / /
/ | |
| | M
\\
5
Key
1 dryair
2  flow control valve V2
3  flow control valve V1
4  temperature-controlled chamber
5 water
6  hygrometer
7  flow meter

Figure A.1 — Example of a diffusion cell calibrator

10 © 1SO 2005 — All rights reserved
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Data collected over several years showed that basic uncertainties increased to + 2 % in the 10-9 region. Mass
generation data is initially determined for each cell and then intercomparison studies are carried out between
other cells. This methodology forms a convenient basis for an ongoing control in any particular location. The
use of a fast responding moisture comparator can be used to indicate the short-term stability of moisture
generation thus precluding time dependent averages.

The method is of particular relevance for the determination of time of response, and in the calibration of
individual moisture sensors.

Historically, a statement of errors has usually been ascribed to a unit being calibrated once equilibrium
conditions have been reached. This does take a variable amount of time, depending upon the response of the
devigeT forati i ssed and a
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Example

e following example, the diffusion calibrator has been used to carry eut’comparative speed

between several hygrometers undergoing evaluation. All the hygremeters were found to
h their manufacturer's tolerance, but not all gave repeatable data after short exposure to h
5 within the sampling time required by the end user. Such a configuration as described below
to establish the performance characteristics of each hygrometer under dynamic and realis|
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Air flom heat-reactivated driers was considered adequately dry for the application, and fed into the calibrator

(see

raisimg the moisture content entering the hygrometer.

A typical diffusion cell used for calibration of‘*Ccommercial hygrometers may have a flow rate of]

gens
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Figure A.1). The flow control valve V1 is set topurge at a constant flow rate through the ¢

rating a moisture content of 12 ml/m3,"Because variations in flow rate within the range 1
ml/min will not change the mass of water diffused per unit time into the dry air stream, const
toring through V1 is not required:

iffusion cell,

400 ml/min,
D0 ml/min to
ant flow rate

Flow control valve V2 determipes the flow rate of dry air injected into the sample line. Altering the jpalve setting
will ihstantly change the 10-9evel sampled by the hygrometer so that the true instrument response speed
may|be assessed. In the above example, the 102 level (L, expressed in millilitres per cubic metre) of the
hygrometer sample gas may be determined by the following formula:
L:12><400 (B.1)
2.4
Herg ¢ represents the total flow rate, in millilitres per minute, of the gas mixture to the hygrometer, and a

volumeé-fraction of 12 ml/m3 at 400 ml/min provides a diffusion rate.

Cells with different values of diameter and length of diffusion tube can be supplied giving humidity ranges
corresponding to frost points less than — 70 °C.

A3

Stability of diffusion cell output

An example of the output from an accredited system is given in Figure A.2. It can be seen that the actual data
derived from three such cells (indicated as TC 16, TC 17 and TC 18), under strictly controlled conditions,
correlated with each other to within 0,5 %. This corresponds to a moisture variation of less than + 0,05 ml/m3
at the 10 mi/m3 level. It therefore provides a low initial base of uncertainty to which any additional
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uncertainties, associated with individual configurations, would be added and still provide acceptable practical

interchangeability of data around the world in various locations.
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NOTE Dpta, corrected for pressure and time-lapse, provided by MCM Thorpe Arch, Budgate, UK.

Figure A.2 — Stability of moisture generation
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Annex B
(informative)

Example of performances of diffusion cells for toluene and
trichloromethane

In Figure B.1, an example of the output (in 109 g/min) of a diffusion cell for both toluene and trichloromethane

is gifyen. The data are listed in Table B. 1.
Y
1900
80y wog sy u———a8 n
1700
1600
1500
1400
1300
0000000000 —9 0o ¢ o o
1200 e
1100
1000 -
S 3 £ £ 8 88 5 233588 g g g gz¢g
S S G S e D G S S S S S S I Y
® o o o & W K ® P DD R © O 0 B © ©
N v ©® gy Y Y @ 2 8 N3 v ® 2 o
X
Key
X pate
Y mass flow rategmg/min
toluene
—l—— ¢ \Arichloromethane

Figure B.T— Exampies of performance of diffustoncelis
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Table B.1 — Diffusion cell mass flow rate

Toluene Trichloromethane
102 g/min 10-9 g/min
1237 1249 1782 1777
1244 1259 1790 1779
1244 1242 1788 1785
1245 1244 1786 1782
1237 1238 1784
1241 1242 1780
1249 1244 1791
1243 1240 1786
1243 1243 1780
1242 mean: 1 244 mean: 1 784
1247 std: 5 std: 4

14

© ISO 2005 — All rights reserved


https://standardsiso.com/api/?name=c2af64976cc7e050eac0701aeb74ac15

