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Foreword

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
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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the technical committees are circulated to the member bodies for voting: Publication a
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5 method is employed for the preparation of calibration gas mixtures, the optimum perfor
vs: the relative expanded uncertainty of measurement, Usebtained by multiplying the combir
rtainty by a coverage factor k = 2, is not greater than 2 %:

b-mixed gases are used instead of pure gases, mole fractions below 106 can be ol
merits of the method are that a large quantity of the gas mixture can be prepared on a cont
hat multicomponent mixtures can be prepared as readily as binary mixtures if the appropria

nal mass-flow controllers is utilized.

E Gas-blending systems based upon thermal mass-flow controllers, some including th
uterization and automatic contreljare commercially available.

Normative references
ences, onlysthe edition cited applies. For undated references, the latest edition of the

ment (including any amendments) applies.

5143, \Gas analysis — Comparison methods for determining and checking the composition

gas

surement of mass flow is not absolute and the flow controller requires independent calibration|.

following referenced documents are indispensable for the application of this document.

tric methods

for the preparation of calibration gas mixtures. This part specifies a method for continuous production of
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ISO 6145-1:2003, Gas analysis — Preparation of calibration gas mixtures using dynamic volumetric methods —

Part

1: Methods of calibration

ISO 7504, Gas analysis — Vocabulary

3 Terms and definitions

Fort

he purposes of this document, the terms and definitions given in ISO 7504 apply.
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4 Principle

Continuous production of calibration gas mixtures, containing two or more components, from pure gases or
other gas mixtures by the use of commercially available thermal mass-flow controllers is described. By
adjusting the set-points on the flow controllers to pre-determined values, it is possible to change the
composition of the gas mixture rapidly and in a continuously variable manner. By selecting appropriate
combinations of thermal mass-flow controllers and with the use of pure gases, the volume fraction of the
component of interest in the complementary gas can be varied by a factor of 1 000.

5 Set-up

5.1 Gene

To prepare
constant pre¢
relevant floy
mass-flow ¢

A thermal m
controlled by

5.2 Thern

The flowing
sensed upst

Figure 1 shd

circuitry. The two temperature sensors, one upstream and ‘one downstream from the heater form two ar
e bridge circuit, which is balanced to give.a zero reading when there is no gas flow. When thgre is

a Wheatstor
a gas flow th
the heat flux|

b = cpA
where

¢ is

q, Is

al

the gas mixture, each gaseous component is passed at a known, controlled flow rate, and at

ssure, from a calibrated thermal mass-flow controller. Use accurate flowmeters,in measurin
Vs in order to reach an acceptable measure of uncertainty regardless ©of ‘the setting o
bntroller (see also ISO 6145-1:2003, Table 1).

ass-flow controller consists of a measuring unit for mass flow and a. proportioning valve whi
an electronic unit (see also References [1] and [2]).

hal mass-flow controller using a constant current supply

gas is passed through a heater connected to a constant current supply and the temperaty
ream and downstream from the heater.

ws the principle of a thermal mass-flow controller: heater, temperature sensors and assod|

rough the system, a temperature difference, AT, is established between the two sensors such
@, is given by:

Tq

m

the heat capacity per-unit mass, or molar heat capacity, of the gas at constant pressure;

the mass flow rate.

y the
[ the

ch is

re is
ated
ns of

that

(1)
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Figure 1 — Principle of a thermal mass-flow controller with constant current supp

The fifference in temperature(between sensors results in a potential difference across the Wheat
circuit and thus a signal. Thé\signal is compared with an adjustable reference voltage in a differen
The fesulting output signakis in turn used for operating a control valve to regulate the flow of gas.

5.3 [Thermal mass-flow controller under constant temperature control

In th|s system((see Figure 2), the gas passes through three heaters in sequence, each of which
to an arm_of-a self-regulating Wheatstone bridge. Instead of the difference in temperature bein
the ipput t@ each heater is such that the temperature distribution along the flow path is maintai
The Wheatstone bridge current is proportional to the heat loss and therefore proportional also

ly

stone bridge
tial amplifier.

s connected
J measured,
hed uniform.
to the mass

flow of the gas. T'ne output Signal IS adgain used 10 operate a Solenold valve 10 CoNtrol tne mass 1o
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Figure 2 — Thermal mass-flow ‘controller under constant temperature control

In the preparation of multicomponent-mixtures, it is in general necessary to use one mass-flow controller for
each compgnent. Dual-channel controllers are available and may be used in the preparation of bjnary
mixtures or, ffor example, in the preparation of mixtures of a given gas in air.

6 Preparation of gas mixtures

6.1 Description of the experimental procedure

A schematic|diagram of the arrangement used for the preparation of binary mixtures is shown in Fiqure 3.

The pressure and temperature at the time of the calibration shall be recorded.

Depending on the gases to be mixed and the fact that they are not ideal, the volume fraction can be
somewhat influenced by the ambient pressure and temperature. The pressure and temperature at the time of
calibration of the analyser should be as near as possible to those prevalent at the time the thermal mass-flow
controllers were checked by the comparison method given in ISO 6143 (see 7.3).

Concentrations of calibration gas mixtures are normally expressed as volume fractions but manufacturers’
accuracy specifications for thermal mass-flow controllers are expressed in terms of percentage of the full
scale of the instrument. The relative expanded uncertainty of 2 %, which is quoted in the scope of this part of
ISO 6145, is 2 % of the volume fraction of the calibration component of the mixture. This value assumes
optimum use of each thermal mass-flow controller in the system, which means that each is operated at, or

4 © 1SO 2009 — All rights reserved
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very near to, its maximum flow rate. Thus, if a thermal mass-flow controller is operated at 10 % of full scale,
the expanded uncertainty expressed as a percentage of maximum flow (as distinct from relative expanded
uncertainty) can be + 1 %, but, if it is expressed instead in terms of a percentage of the actual flow rate, the
expanded uncertainty becomes 10 %.
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Key
Complementary gas: Calibration component:
1 Cylinder of pressurized gas 7  cylinder of pressurized gas
2 bressure regulator 8  pressure regulator
3 phut-off valve 9  shut-off valve
4 ilter against contamination 10 filter against contamination
5 hermal mass-flow centroller 11 thermal mass-flow controller
6 shut-off valve 12 shut-off valve
13 mixing vessel
Figure 3 — Mixing apparatus for production of binary gas mixtures
by means of thermal mass-flow controllers

A binary mixture containing the calibration component at a volume fraction of 1:10 could be prepared using
two thermal mass-flow controllers, each of full scale 1 000 ml/min, by operating one at 100 ml/min and the
other at 1 000 ml/min. However, the expanded uncertainty in the flow rate of the former would be + 10,00 % of
the flow rate and the relative expanded uncertainty in the volume fraction would be + 10,05 %. To prepare the
mixture to a relative expanded uncertainty of 2 %, the mixture shall be prepared using one thermal mass-flow
controller of full-scale range 100 ml/min and the second one of full scale range 1 000 ml/min, both being
operated at very close to full scale.

The same requirement shall be observed relative to preparation of multicomponent mixtures.

© 1SO 2009 — All rights reserved 5
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NOTE 1 A method for which there is no requirement for calibration against external standards of gas flow rate or
volume fraction is described briefly in Annex B, and the reference to the publication which provides the complete
description is given in the Bibliography.

Gas cylinders (1) and (7) containing respectively the complementary gas and the calibration component are
connected to the thermal mass-flow controllers (5) and (11) through pressure regulators (2) and (8) and shut-
off valves (3) and (9). The two in-line filters (4) and (10) provide protection against contamination. The gases
from the flow controllers enter the mixing vessel (13).

The recommended working range for the pressure regulators is 60 kPa [0,6 bar!)] to 600 kPa (6,0 bar). The
pressure regu (e.g.

the diaphrag
flow controll
mixture.

Set the inpd
valves (3), (
shall be of a

Adjust the s
desired com
the compon:
the volume (¢

When the s
mixing vess
mixing vess
atmospheric

NOTE2 A
pressure, this
case, it woul
pressure in ol

lator for the gaseous component shall also be suitable for the particular component involved

brs shall be suitable for use with the gaseous components and for the requirements of.thg

Lt-off
vhich

t pressures appropriate to the controllers using the pressure regulators and opeh the sh
5) and (9). Purge the inlet path of the gaseous component through the shut-off.valve (12), v
type which can be operated rapidly.

et-points of the controllers so as to obtain the respective flow rates dn the correct ratio for the
position of the binary gas mixture; meanwhile, continue the purging.process of the input tubje for
bnt gas by multiple opening and closing of valve (12) until a total volume of gas at least 10 fimes
f the flow path has been vented.

b the
f the
bient

stem has been thoroughly purged, feed the gases via the thermal mass-flow controllers t
bl (13), constructed from inert materials. Provided that<the resistance to flow downstream g
el (13) is low in relation to the flow being delivered at,the source, the mixture flows at am|
pressure to the instrument.

heric
h this
with

though for most applications the gas mixture willde transmitted at the prevailing ambient atmosy
method may also conceivably be applied to convey mixtures at elevated exit pressures. However, i
be necessary to give due consideration to*changes in ¢, and density of the gaseous componentg
er to assess the validity of this procedure.

6.2 Area pf validity
The method|is applicable to the preparation of mixtures of non-reacting species, i.e. those which do not freact
with any material of construction of the-flow path in the thermal mass-flow controller or the ancillary equipment.

Particular cg
which conta
the apparaty

This method
which it is to

tures
that

re shall be exercised. if the method is considered as a means of preparing gaseous mix
n components that\ferm potentially explosive mixtures in air. Steps shall be taken to ensure
s is safe, for example by means of in-line flame arrestors in addition to the items listed in 6.1.
is not absolute and each thermal mass-flow controller shall be calibrated for the particular gas for
be used.

6.3 Operfting conditions

The conditions for efficient operation of the sensor system are that there shall be no heat loss or heat gain,
other than that which results from the flow of gas, between the region of the heater and that of the
downstream sensor, and that there shall be uniform temperature distribution across the gas stream. The
assumption that ¢, is constant is valid only over a restricted range of temperature. The general precautions
common to all dynamic techniques of preparation shall be observed. It is essential that attention be paid to the
materials used in the construction of the flow system. Only materials of low porosity, that are non-adsorbing
are suitable. The pipework shall be clean and all unions secure.

1) 1 bar =100 kPa =0,1 MPa =1 N/m2.
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Unless independence of the thermal mass-flow controller to its orientation has been established, it shall be
maintained in the orientation in which it was calibrated. Controllers shall be calibrated for the components in
question and it may be necessary to consult the manufacturer of the controller if the type of gas is to be
changed; it may be necessary for the sensor to be changed.

7 Calculations

7.1 Volume fraction

The volume-fraction-is-determined-with-reference-to 3Ry of the-methods-of calibration-described-in Clause 4 of
ISO Bb145-1:2003. Due consideration shall be given to the uncertainty associated with the methad, [selected.
Caliration of the thermal mass-flow controller will define the mass flow rate, g,,, or the volumetric|flow rate, ¢,
depgndent on the method used.
D
2
dm o AT (2)
D
qy = (3)
cppAT

whete p is the density of the component.
The mole fraction is:

xp = Dm, A D, A + 9m,B (4)

Mp [ Mp Mg

where

M, and Mg are the molar masses of components A and B, respectively;

I Aa@Nd g, g are the values of mass flow rate, g,,, for components A and B, respectively.
The porresponding volumesfraction is:

?A =qV,A/(qV,A +qV,B) (5)
7.2 | Sources of uncertainty
Comjmiercially available thermal mass-flow controllers usually indicate the gas flow rate in volumg units as an
analmmmmwmmwmihe ambient

temperature is maintained within +5 °C of the temperature at which the instrument was calibrated. The
corresponding claims for set-point repeatability are + 0,2 % of full scale.

It is assumed that pressures and temperatures respectively are measured with the same instruments during
calibration and use, so that the standard uncertainties in these measurements are constant throughout.

From Equations (2) and (3):

1/2

2
u(d,) [M@)T+ u(cy) _{u(AT)T ©)
a0 @ ¢ AT
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u(qy) _

u(P) u(ep) u(AT) u(p)

qy

NOTE

D AT

IR R

@)

The expressions for relative combined uncertainty given in Equations (6) and (7) are provided for information

only. They have been given in order to identify the parameters that contribute to « (q,,)/q,, and u (q,)/q,. @ and AT are
functions of the mass-flow controller and the uncertainties are covered by the uncertainty quoted by the manufacturer (see
also 6.1 and Annex C).

The foIIowmg is a typ|cal example of the relative change in ¢ with temperature and _pressure. These values

show that t
inherent in t

EXAMPLE
example, at 1
in <, at 290 K

7.3 Uncerfainty of measurement

The uncertg
temperature

component and the complementary gas.

The volume

The relative

Ulpy, A

e controller |tself

With reference to effects of pressure and temperature changes, the relative change in ¢, for nitroge
00 kPa (1 bar) for a change of 5 K in temperature from 290 K is approximately 0,000 2. The relative ch
for a change in pressure from 100 kPa (1 bar) to 200 kPa (2 bar) is approximately 0,001,

inty of the volume fraction of the calibration component in the calibfation mixture, at con
and pressure, can be estimated from the separate uncertainties in the flow rates of the calibr

fraction, ¢, 5, of component A is given by Equation (5).
expanded uncertainty in ¢, 4 is then given by:

12

271/,3 u(qV‘ A) u(qV‘ B)

Pv, A

NOTE T

The coverag

case of normal distribution.

The uncerta
methods pre

This estimag
measureme
effectivenes
prepared in
reference to

(] el

he derivation of the above formula is sdimmarized in C.1.

9y, AT 49y, dy, A dy,B

e factor “2” has been applied.in-order to give a coverage probability of approximately 95 %

nty in the flow rates is.estimated by calibration of the thermal mass-flow controllers by one @
sented in ISO 6145<1-

te of the relative uncertainty in the composition depends entirely on the uncertaintig
nts of flow rates. The other factor to be taken into account is the efficiency of mixing. To chec
of a mixing system to provide a homogeneous calibration gas mixture, mixtures sha
accordance the method described in Clause 6 and the compositions shall be checked
1IS©6143 (comparison method). The ambient pressure and temperature shall be recorded.

h

»]

ainty

n, for
ange

stant
ation

(8)

in the

f the

s in
k the
Il be
with

This procedure also identifies bias from other sources and establishes traceability against standard gas

mixtures.
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Annex A
(informative)

Pre-mixed gases for preparation of mixtures of high dilution

A.1 Calculation of volume fraction

If prg¢-mixed gases are used instead of pure gases, mixtures of higher dilution can be prepared:‘Qalculation of
volume fraction is then as shown below (see also Reference [3]).

The yolume fraction of component A in complementary gas B is given by:

A dymTOAdy e PAdymTPAdy B

oA gy, mtdyB q, (A1)
where

O is the volume fraction of A in the pre-mixed gas;

¥ is the volume fraction of A in the complementary.gas B (this will normally be zero);

gy m is the volume flow rate of the pre-mixed gas'M;
9y B is the volume flow rate of the complementary gas B;
9, is the volume flow rate of the galibration gas.

NOT

4, =49y m+ 4y g only if there is-no volume change on mixing.

A.2| Uncertainty of volume fraction

It is Inecessary to takesinto account the standard uncertainties of the volume flow rates and {he standard
uncgrtainties of the volume fractions of the component in the pre-mixed gas and also in the complementary
gas (if relevant). Normally, the complementary gas will not contain the active component.

In cgses where the complementary gas does not contain the active component A:

?qy m
s (A.2)
dy, M 4y,B

and the relative standard uncertainty in the volume fraction, @, 4, is given by:

5 2 9 9 12
ulpp) _ 4v.B [”(QV,M)] _{”(QV,B)] _{‘IV,M"'QV,B} {”((/’:’-\)} (A.3)

Pn  4dy,BT 4y m qy.m qy,B qyv,B PA

The derivation of this equation is shown in C.2.

© 1SO 2009 — All rights reserved 9
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Annex B
(informative)

Practical hints

B.1 Equipment

The completle flow system should be clean and free from particulates.

Pressure reg

The thermal
used for the

The operatir]
the possible
NOTE T

Shut-off valy

ensure that fhere is no leakage past the regulators.

All dimensiq
interaction w
the gases wi
It is permisg
polyethyleng
used.

The nomina
and 4,0 mm

B.2 Oper

Before using
with the co
higher volu
volume).

3

mass-flow controller should be maintained in the same orientation when it is calibrated and
preparation of gas mixtures.

g ranges should be appropriate for the gaseous component, mixing ratio, minimum flow ratg
volume fractions.

ne requirement that the thermal mass-flow controllers be operated nearto full scale is given in 6.1.

es should be installed between pressure regulators and thermal mass-flow controllers in ord

ns of the flow paths and the materials of construction should be carefully selected so
ith the gaseous components is minimized. In particular, pressure regulators should be suitab
hich they are to convey. GC-quality stainless_steel should be used to convey reactive compor
sible for non-reactive complementary gases to be conveyed in plastics materials suc
or polytetrafluorethylene. If there is any“risk of adsorption, however, stainless steel shou

inner diameter of the conveyance tubes should be 1,5 mm to 2,0 mm for the active compg
to 6,0 mm for the complementary gas.

ation

the calibration. gases, ensure that the pipework for the active component is sufficiently pu
ponent concerned. A short period is satisfactory in the case of pure gas or pre-mixed gas
e fractions, ‘but several hours are necessary for the more dilute pre-mixed gases (below 10

When calibr:

Eting gas analysers at normal atmospheric pressures, the calibration gas should be supplied §

ulators and associated pipework should be dedicated to use with specific gaseous gomponents.

wvhen

and

er to

that
e for
ents.
h as
d be

nent

rged
bs at
1 4 by

—

no

excess pres :
calibration gas component and the pressure dependence of the analyser.

In the case of corrosive or toxic gases, any excess flow should be safely vented, but long runs of venting
pipework should be avoided in order to minimize back-pressure effects.

In the event of short interruption in the analyser calibration procedure, conveyance of the gases should not be
arrested, and if connecting tubes are removed, they should be adequately sealed against contamination.
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B.3 Calibration and precision

A high-accuracy gas-flow dilution system using mass-flow controllers, but not restricted to thermal mass-flow
controllers, has been developed and is described in Reference [4]. To gain an appreciation of the method,
which has been employed to provide a variety of volume fractions to a typical uncertainty of + 0,4 % of volume
fraction, the original paper should be read. The paper details the uncertainty analysis on the basis of the flow
rates of the calibration component and the emergent calibration gas, and the method has been verified
experimentally against gravimetric methods. Eleven literature references are provided.

An additional paper (Reference [5]) describes an improved approach to calculating the uncertainties of
thermal mass-flow controllers. The paper provides a review of the mathematical basis for a general least-
squdres solufion o the determination of best-fit calibrafion curves, and separafes the systemalid contribution
to thp uncertainty which results from the calibration of the flow system from the random uncertgfinty incurred
each time the system is operated. In an appendix to the paper, the experimental~and mathematical
procedures are illustrated with reference to the gas flow dilution system that is the subject of Reference [4],
but if is equally applicable in principle to the method of preparation of binary gas mixtures desgribed in this
part pf ISO 6145. Twenty-five literature references are provided.
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Annex C
(informative)

Calculation of uncertainties

C.1 Derivation of the relative standard uncertainty in ¢, ,

The symbol$ are those given in 7.3 and Annex A, except that the suffix “}” (for example in g;, o) has)peen
omitted in order to simplify the formulae.

The concenfration of component A in a mixture of A and complementary gas B is given by:

__HA
op——A c.1)
7 i

in which g, @nd gg are, respectively, the flow rates of the components A and B.
The uncertainty in @, is:

1/2

2 2
_|)| 99 2. [ 998 2
u(pp) [an] [u(gp)] +[anJ [u(gp)] C.2)

By differentiation of Equation (C.1):

1 r 12
oPa || 98
oqn)| | (ga +ap)* |
1 r 12
Pa||_| _—4a
o4 )| |(ga+ap)° |

and by subsiitution in Equation (C.2), the relative standard uncertainty is:

u(@p) |( antds 1 2 2, 2 2|12
PA ( %A j!(QAJrqB)z]{qB[u(qA)] qA[”(QB)]}

12

_ q9p 9B {”(QA)TJ{”@B)T
qa (qA+qB) qn 9B

12

s {u(qA)T {M(QB)T

dnt 9B N 9B

The coverage factor “2” is applied in 7.3 to give a 95 % coverage probability.
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