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INTERNATIONAL STANDARD

1SO 6712-1982 (E)

Gas analysis — Sampling and transfer equipment for
gases supplying an analytical unit

1 Scope and field of application

This International Standard specifies technical requirements for
sampling apd transfer equipment for gases supplying an
analytical unit.

Analytical ynits supply data corresponding to representative
quantities determined by analyses of gases (samples).

A sample njay be either

— phypically isolated as a discrete sample analysed in situ
{for example analysis of oxygen by an electrochemical
method)], or

—_ trarrferred from a system to an analytical cell, either
directly by means of a sampling system, or after storage in-a
bottle o1 vessel.

In the two 1ases under consideration, when there is transfer of
gas, the eqliipment and sampling system shall ensure that the
following functions are performed :

a) Tredtment of the sampled gases to eliminate certain
chemical and physical factors whichymay have an effect on
the analysis and certain factors likely to impair the function-
ing and| maintenance of the-analyser and its associated

Sampling line

equipment. This function is ensured' along the sampling
line. By convention, the bottlé.or'vessel in which the gas
sample is stored is consideréd,as part of th¢ sampling line.

b) Storage of the samples thus obtained gnd, . alternative-
ly, of calibration gas_mixtures until the analysis is carried
out, avoiding changes likely to have an adveLe effect on the
results. This function is ensured along the fransfer line.

The sample point is located between the two lines, and is the
point from which the fluid conveyed may-be ¢onsidered as a
representative sample. It is generally also the|point at which
calibration gases are injected into the analyser [circuit.

It is, therefore, possible to represent a gas sampling system
intended for analysis in diagrammatic form (seg figure 1).

The actions appropriate to the treatment or storpge of gases for
analysis depend on a combination of the charagteristics of the
medium to be analysed, the analytical procedures and the
instruments used. The choice as to which chdracteristics and
properties have to be changed and those which have to be
retained depends on a knowledge of these characteristics in
relation to each application.

NOTE — The terms used in this International Standatd and, in particu-
lar, those in figure 1 will be defined in ISO 7504, Gas|analysis — Voca-
bulary.
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Figure 1 — Diagram of a gas sampling system
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2 Sampling line

Owing to the extreme diversity of the problems to be resolved,
it is not possible to standardize a single sampling line; these
problems can only be resolved by grouping together numerous
individual elements.

This clause gives general information on the various elements.

2.1 General characteristics required for a
sampling line

— at a pressure, flow rate and temperature lying between
fixed and usually very narrow limits.

2.1.4 Transport of the gas

The analyser and its accessories cannot always be'located in
the place where the user wishes to carry out the analysis. It is
therefore important that the sampling line permits transport of
the gas in good conditions. In the case of a sampling system,
the response time to a change of sample composition shall be
i : re used to

2.1.1 Representativeness of the sample taken

One of the difficulties encountered is generally the dispropor-
tion between tHe flow rate at which sampling is performed (for
example several hundreds of litres per hour) and the flow rates
currently encountered in industry (several tens of thousands of
cubic metres pdr hour), the ratio lying most commonly between
10-3and 10-6

2.1.2 Storagg of the sample

It is essential [that the composition of the sample is not
changed, espegially in any unpredictabie way, between the
sample point afd the analytica! cell.

The phenomeng which contribute to changes in composition of
the sample are mainly :

a) Pollutiop of the gas caused by leakage in the flow
system (for| example by diffusion or by differences_in
pressure).

b} Dissolution of certain constituents in liquids likely'to be
encountered, such as water (this may be only condensation
water), oil flom pumps, etc.

c) Selectivp sorption and retention of-gertain constituents
(for exampld sulphur dioxide) on the surfaces of pipes, par-
ticularly if these are not perfectly-clean.

d) Selective action, in géneral detrimental and mostly
irreproducible, of chemical' compounds (particularly if
present in small traceshintentionally added as an absorbant
for a specifigd constituent (desiccants in particular).

e) Corrosign(

transport the gas, these vessels shall have all. the|qualities re-
quired for satisfactory storage of the gas.

2.2 Sample probe
Whereas the analytical unit. receives a gas in the optimum
condition, the sample probe is the first element in the
sampling line which is_Subjected to all the industrial con-
ditions in force at the place where the user wishes to conduct
the test.

Consequently,\the type of sample probe shall pe carefully
selected on'the basis of the following three parameters :

-\ physical (pressure, temperature) and chpmical con-
ditions of the ambient environment, taking accpunt, in par-
ticular, of precautions to be taken with respect to safety;
— response time;

— representativeness of the gas sample.

Therefore :

a) the sample probe should usually contributelto the treat-
ment of the sample and should comprise, for ¢xample

— one or more carefully positioned sampljng orifices,
— one or more means of filtration,

— a device for collecting condensates,

— a washing device or device for trapping dust and
various agglomerates : injection of water, a]r or steam,

f) Condensation.

Precautions to minimize or eliminate the effects of such
phenomena are described in 2.1.3 and 2.1.4.

2.1.3 Preparation of the sample for analysis

Analysers generally require the gas supplied to be carefully
prepared. The sampling line shall therefore supply a gas

— from which the dust has been removed;

— if necessary, dried (if required by the conditions of the
analysis and the analyser);

— ‘sometimes, a motor-powered unit : steam or water
pump, Mariotte bottle, Sprengel pump, other pumps of
various kinds,

— a pressure reducer (the response time of the line is
roughly proportional to the pressure prevailing therein),

— avaporizer (intended to convert a liquid phase com-
pletely into a gaseous phase) with temperature control
and mixer, and, in this case, an isokinetic gas sampling
device,

— a heating or cooling device,

— . a mechanical support,
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— adevice for diluting the sample with an inert gas, if
the constituents of the mixture are particularly reactive;

b) the materials should be chosen on the basis of

— their behaviour under local conditions at the sam-
ple point (metals, plastics, ceramics),

— their lack of retention and, generally, their passivity
towards the constituent under consideration (porosity,
chemical reaction, adsorption),

ISO 6712-1982 (E)

If the guantity of gas is limited, it is possible to use one of the
following techniques :

a) Method of displacement by liquid. The displacing liquid
used in the sampling container shall not react either with the
container or the sample; water, acidulated water, saline
solution or mercury may be used, as appropriate.

b) Use of a container in which a vacuum has been created.

If the gas to be sampled is at low pressure, it is possible to use

ane of the various types of aspirators or pumps available.

— the ease of maintenance or replacement (cost),

— the ease with which they can be machined and con-
nected without leaks to other elements;

c) the design selected depends on

— the mechanical strength {temperature, vibration or
impagt),

— ¢nsuring adequate flow of the sample,

— rmanufacturing possibilities and ease of replace-
ment

— donformity with accepted standards for probe sup-
ports|{flanges, joints).

Some examples of sample probes are described in annex A.

2.3 Contpiners for storage of the sample

If the sample cannot be transferred directly by the sampling
system to the analyser, containers, which shall\permit transport
of the sample to the laboratory, shall be,used to store the
sample.

The containgrs shall be easy to handle and shall be hermetically
sealed to ayoid gas leaks and poliution. The valves shall be
made of a material which i§.as-inert as possible to the gases to
be stored (for example-valves made entirely of metal, valves
with PTFE

Account shall be taken of the following considprations relating
to the nature of the sample :

a) Toxicity.
b) Condensable material

1) if the concentration can be affected by conden-
sation due tova high sampling level [or temperature
variation;

2) _if\the concentration of certain constftuents does not
form'the object of the analysis but can afffect the consti-
tuent under consideration, for exampl¢ humidity with
sulphur dioxide.

¢) Exclusion of oxygen from the atmospliere or steam, if
very low levels can affect the constituent Under considera-
tion, for example mercaptans, silane.

d) Isokinetic sampling of heterogeneous $ystems, for ex-
ample aerosols.

2.4 Treatment of the gas

A distinction is usually made between
a) the primary treatment, which has to irtpart to the gas
the properties which enable it to be trangported in con-
ditions suitable for its use, and
b) the secondary treatment or finishing, the aim of which

is to ensure that the gas conforms to the fequirements of
the analysers.

Treatment comprises the functions of filtration and dehydra-

Some examples of such containers are shown in annex B.

The method of sampling depends on the quantity of gas
available, its pressure and other characteristics which may af-
fect the constituents under consideration.

If there is an abundant quantity of gas at a considerable
pressure, it is recommended to sweep the container with the
gas to be sampled until the original gas is displaced. A gas flow
equivalent to 10 times the volume of the sampling container is
sufficient for this purpose. It is also possible to carry out a
series of 10 operations of filling the container with the gas to be
sampled, and emptying after each filling.

tion.

2.4.1 Filtration

Filtration of gases for analysis is intended to remove solid par-
ticles and, where necessary, bubbles of liquid, the transfer of
which into the analyser could present difficulties, for example :

— deposits likely to obstruct ducts, openings, capillary
tubes, permeable membranes etc.,

— deposits which could hinder the physical functioning of
the analyser : opacity in an optical system, changes in con-
ductivity or field in an electrochemical system, etc.,
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— " chemical reactions in a liquid {or other} medium occur-
ring in the analytical cell : electrolyte, colorimetric reagent,
etc.,

— chemical, physical and mechanical action on the
materials and the functioning of the equipment.

phosphoric anhydride, magnesium perchiorate, anhydrous
potash and anhydrous calcium sulphate.

The residual water concentrations under optimum conditions
for some compounds are given in table 1.

— grilles,

and 3);

Even if their us
niences :

— filters m
duced from
thetic fibres,

— _ various
trostatic de
densers, cyc

Imetals, ceramics, or natural, artificial or syn-
etc. (see figure 4);

more specialized devices : magnetic or elec-
ices, impactors, bubblers, washers, con-
ones, etc.

—  from th

is essential, these devices present inconve-

technical point of view, the devices may

become clogged or obstructed, which necessitates inspec-

tion {checki
maintenance
the results o

— from thq
in particular

g the flow or testing for loss of load} and
These phenomena may indirectly influence
the analysis;

analytical point of view, filtration devices/and,
deposits of particles and condensates may

react with t:l:e constituents of the gases for<analysis and

falsify the. a
considered f

alysis. The precautions to be ‘taken shall be
br each case.

. . . Table 1
In view of the fact that gases for analysis very often contain
aerosols, devices for stopping these aerosols are widely used. Residual water concentration,
Compound in milligrams per cubic metre
: : ; : ap - of dry air under normal
Stopping devices for particles mainly comprise : conditions (0 °C, 1 013 mbar)
ieves or strainers, which mechanically stop
relatively large particles (> 25 um). These devices are made P205 < 0,02
of a metal fabric, perforated sheets, layers of pieces of Fused KOH : 2
material, agdlomerated or sintered materials (see figures 2 Anhydrous Mg(ClO4), , 2
Anhydrous CaS0y4 5
Fused CaCly 340
ade of various kinds of porous materials pro- Granulated CaCl, 1 500

The efficiency of these products is very variable angl diminishes

more or less quicklyduring saturation; unwanted
may be formed; finally; their chemical reactivity ma
tial to exercise €are’in choosing the products, tak
count the nature of the sample under consideratia

As an_example, the combustion gases of a hydro
tain approximately 10 % (V/V) of water vapour,
responds to about 256 ml of water per hour for a flov
for analysis of 300 I/h. Since the potential capacit
sulphate to absorb water is 3 to 4 % (m/m), ap
1 000 g of product is required per hour of operatid

2.4.2.2 Adsorbants

by-products

es it essen-
ing into ac-
n.

arbon con-
which cor-
rate of gas
of calcium
proximately
n.

Adsorbants fix water non-selectively by physical adson;ption.

These products have in common the characteristig

s that they

2.4.2 Dehydration

Dehydration is iptended to reduce the amount of water vapour
contained in a gas; the amount of permissible residual water
depends on the|analyser:

The various mellhods of dehydration may be grouped into four
types :

can be regenerated by heating in a stream of gat, that they
have a large specific surface area and that they afe generally
suitably chemically inert.

The most commonly used adsorbants are silica gel| which can
be dyed with a cobalt salt (the transition from blug¢ to pink in-
dicates that the silica gel has become saturated), activated
alumina, and molecular sieves, the most selective c[! which has

— - chemical desiccants;
— adsorbants;
— cold trapping;

—  permeation.

2.4.2.1 Chemical desiccants

Water reacts chemically with a compound to form a new
product with very variable vapour tensions. The most common-
ly used products are calcium chloride, sulphuric acid,

3 gverage pore dimension of 0;3mm

In general, the efficiency of an adsorbant depends ultimately on
its degree of dryness before use, the conditions in which the
gas is passed, the pressure at which it is used and the
temperature at which the system operates.

Adsorbants may retain other constituents of a gas flow; such
constituents may be desorbed or displaced at a later stage by
other constituents of the gas flow and can affect the composi-
tion of the gas sample.

Using the example given in 2.4.2.1, and given that the adsorb-
ing capacity of silica gel is 20 to 25 %, about 130 g of product’is
required per hour of operation.
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2.4.2.3 Cold trapping

If the sample is difficult to condense, it may be circulated in a
cooled condenser at a few degrees above 0 °C. The effec-
tiveness of the process depends entirely on the geometry of the
condenser and the working .conditions, i.e. gas flow rate and
temperature. Some examples of condensers as used in the
laboratory are shown in figure 5. One disadvantage may arise
from dissolution of constituents in the condensate thus
formed.

Using the example given in 2.4.2.1, 25 g of water per hour,

ISO 6712-1982 (E)

2.5 Transport line — Pump

The most important requirement is that the gas is not polluted;
the line shall therefore be airtight, particularly if it is under low
pressure, and the pump shall also be airtight and shall not in-
troduce any pollutants such as oil vapours. For these reasons,
membrane pumps are usually chosen.

If the characteristics of the pump and the dimensions of the
transport line are carefully co-ordinated, it is possible to achieve
a minimum dead time. For a given pump and a fixed length of
ling, there is an optimum tube diameter for obtaining the best

formed in t]:is way, may be continuously removed, and the gas
will contain about 1 % of water vapour provided it is at
atmospherit pressure and the temperature of the trap is
between 0 pnd 7 °C.

2,4.2.4 Pgrmeation
Certain serpi-permeable membranes allow water to migrate

of high partial pressure to an area of very low par-
(sweeping with a dry gas).

Under normal operating conditions, selectivity is good;
however, it is necessary to check in each individual case that
the permeation of gases other than water vapour is low.

As an exanjple of the efficiency of this device, a gas entering-a
system with 2 x 10-2 {V/V) of water {which corresponds to
saturation gt 14 °C) leaves the system with 40 x 10<8(V/ V).
This concentration corresponds to a frost point of\.=/51 °C.

In conclusign, the choice of drying process.is'generally specific
to a given sample.

There is nojuniversal solution, and it is often necessary to make
a satisfactofy compromise, based-on.a certain number of selec-
tion criterid (see table 2).

possible dead time {see annex C). Any varigtio in diameter has
a very great effect on the gas flow velocity,
3 Transfer line
A transfer line may comprise
— devices for regulating pressure or flowy;
— ducts;
— valves and, where appropriate, circulation pumps.

The sample or the calibration gas shall not, gspecially during
transfer,

— be polluted or denatured by other gasges (for example
constituents of the air or atmospheric polllitants);

— be changed in its composition (for exgmple by absorp-
tion, adsorption or permeation);

—  be subject to chemical changes, suc:[ as decomposi- ‘
tion, changes in proportion, oxidation-reduction.

In view of the diversity of cases which may belencountered, all
possibilities cannot be considered here and spégcial precautions
shall be taken as necessary, depending on the nature of the
sample or calibration gases, their concentratioh, their pressure
and the volumes available.

Table 2
Selection-—criteria
Dehydration method b
Inspection Necessity of action | Necessity of filtering
Chemical YES YES  change of YES after
load

Adsorbant YES YES regeneration YES after
Cndnatin>0°C NO NO NO

ondensation: - g o¢ YES YES removal of NO

' ice formed

Permeation NO NO YES before
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3.1 Characteristics of the materials

tightness in the sampling system, is proportional to the rate of
leakage P of this system and inversely proportional to the

The materials coming into contact with the sample or the
calibration gas during transfer shall fulfil the following re-

quirements :

a) impermeability to ali gases;

b} minimum sorption;

¢) chemical inertness to the constituents being transfer-

red.

volumetric flow rate g of the sample or calibration gas :

c=4_P_
qy

where

C is the concentration, expressed as a volume ratio;

A list indicating the suitability for use of certain materials as a

function of the

tomposition of the sample or the calibration gas

being transferrgd is given in table 3 for guidance only. In ad-

dition, all the precautions mentioned in 3.1 and 3.2 shall be -

taken.

NOTES

1 Polymers are denerally permeable. Their use depends on the nature

of the sample or

2 For a particula)

he calibration gas and its concentration.

I application, it is preferable to test the suitability of a

material before uge.

3.2 Characteristics of the elements constituting

the transfer

Airtightness an

ine

cleanliness of the various valves (including the

vailve on the cylinder}, the ducts and the connections to the

sampling syste

shall be ensured. In general, the permissible

rate of leakage [shall be adapted to the measurement problem
under considergtion. As a guide, the following value might be

given for the ra
10-6 bar*.cm3.

of leakage of the various parts of the system.:
=
D .

The concentration by volume C of polluting air introduced into

the sample or

calibration gas as the result of“g\lack of air-

P __is the rate-of leakageexpressed-in-barcubic

per second;

qy is the volumetric flow rate of the sample o
tion gas, expressed in litres per hour!

Example : For a sample or calibration gas flow ra
sampled from a system with a rate of
10-6 bar.cm3.s—1, the air pollution in the sample ¢
gas will have a concentration equal to 10-6 (
therefore, an oxygen concentration from the air g
(V/ V).

Valves and joints. with small dead spaces should

centimetres

the calibra-

e of 40 |/h,
eakage of
r calibration
V/V), and,
f2 x 10-7

be used for

preference. In particular, dead spaces retain moisfure and air,

and are difficult to evacuate and sweep (see figu
shall be'ds’short as possible and it shall be possible

The pressure reducing valve shall be airtight and,
capable of being dried to eliminate previously so
With regard to humidity, a temperature of 100 °
mended if the line components can tolerate this
(regulators, nature of material, etc.).

For safety reasons, it is recommended that a throt

re-6). Ducts
o dry them.

if possible,
rbed gases.
C is recom-
femperature

ling or stop

valve should be placed at the outlet of the pressyire reducer.

This valve can prevent dangerous back-diffusion.

Table 3
Suitability for use with
Materihl Rare Hydro- Cco Cly NO
gases 0z S0z carbons Co, dry NO, HpS

Copper/brass a a c b a c c c
Stainless steel a a a a a b b a
Glass a a a a a a a a
Rubber, natura C c . C C T C [ c
Rubber, butyl a b c c b b c c
PTFE a b a b b b b b
Aluminium a a b a a b b b
a = Suitable

b = With reservations

C =

* 1bar =

Not recommended

105 Pa
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3.3 Preparation for gas transfer

The surfaces in contact with the gas shall be free from grease,
oil and other polluting products.

Cleaning may be carried out by chemical methods {acid scour-
ing, passivation or other appropriate chemical surface
treatments) or by mechanical methods (for example ultra-sonic
methods).

In certain cases, passivation may improve the corrosion proper-

1ISO 6712-1982 (E)

evacuated to a temperature of up to 70 °C. However, the small
cross-sections of the valves and pressure reducers make this
operation lengthy and delicate.

Back diffusion of oil vapours outside the evacuating pump shall
be eliminated using a filter.

3.3.3 Periodic purging

A simple purging operation with penetration of the sample or
calibration gas into the pressure reducer, valves and ducts is

ties of the material, but there is a danger that it d . of
sorption phenomena. not very effective. Indeed, residual gases| and traces o

It may somgetimes be necessary to treat the line in a different
manner, fof example using phosphoric acid on PTFE (traces of
SO, or volatile acid).

NOTE — If the calibration gas is taken from a cylinder, check that th
temperature pf the cylinder is not lower than 5 °C. )

If it is suspedted that the cylinder and its contents have been exposed
to low tempdratures during an intermediate period (for example during
transport), 1is recommended that the cylinder be placed in the
horizontal pdsition for at least 2 days at ambient temperature.

3.3.1 Monitoring of airtightness

A careful inspection for airtightness (see annex D) shall be car-
ried out in ducts, threaded joints and other welded joints. Very
small leaks pccurring in porous welded joints cause a molecular
discharge of the gases in both directions. This outward flow in-
creases as fthe difference in the partial pressures of the gases
under cons|deration, inside and outside the line, increases.

3.3.2 Evaguation and heating

In view of] the possibility of desorption_phenomena, it is
preferable tp evacuate the system by heating the devices to be

moisture may persist for very long periods_in‘the dead spaces
and subsequently diffuse into the gas_being cpnveyed.

A more efficient method is to carry out a perigdic purging pro-
cedure with repeated increases and reductionp in pressure. In
this way, the gas penetrates into the dead spaces, mixes with
the residual gases trapped.in/these areas, absogrbs the moisture
and is expelled from them when the pressurel is reduced (see
figures 7, 8 and 9).

Care should betaken, however, that the incredse in pressure in
the line does not reach the pressure of the gas ip the cylinder, in
order to\prevent any mixing of the residual gases and the
moisture_contained in the valve of the.cylipder and in the
pressurized section of the pressure reducing valve with the
calibration gas.

In order to prevent chemical reactions, it may [prove necessary
to introduce a purging gas (dry inert gas or corpplementary gas
for the calibration gas) into the ducts lying between the vaive of
the cylinder and the pressure reducing valve (see figure 10).

The purging gas thus penetrates into both thg dead spaces of
the valve of the cylinder and into the pressurized sections of the
pressure reducing valve, and expels the resiglual gases from
these areas.
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Figure 6 — Examples of assemblies and connections

10


https://standardsiso.com/api/?name=fc552307263a15a5722e9b3ca8c9b99d

1ISO 6712-1982 (E)

(alibration gas inlet [Ny + 2 ppm (V/ V) O]
Aressure-reducing valve

Aurger valve

Analyser

Hecorder

Detour for calibration of the analyser

DT WN =

Figure 7 — Test assembly for periodic purging in a pressure:reducing valve
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Figure 8 -— Result of the periodic purging test in a pressure-reducing valve when put into operation for the first time
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1 Piping and dead space filled with air at atmospheric pressure.

2 By purging alone, the air is expelled from the piping but-not-from the dead

3 When subjected to pressure, the residual air is compressed in the “‘cul-de-sac’’ at thd
of the piping. .

-4 The air diffuses into the purging gas while pressure is maintained.

12

5 The gas is expelled and takes some of the residual air with it.

Figure 9 — Repeated purging of a Bourdon tube

space.

back
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Calibration gas

Purging gas
Pressure-reducing valve
Control valve

Pipe

Expulsion of excess gas
Stopcock

To intendedyuse

Figure 10 — Example of assembly for periodic purging test with a purging gas
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Some types of
below.

Annex A

Sample

sample probes in common use. are described

probes

Typical designs are shown in figures 11 and 12, the latter being
recommended when moisture or oxides of sulphur are to be

A.1 Borosilicate glass probes

These probes a
above 450 °C.

A.2 Metal

These probes ar|
oxidizing gases
porous to hydro
a suitable alloy
stability of the

reducing proper
mosphere. Stair]
temperatures ug
mines the type

therefore that t

cheaply and easily made but cannot be used

probes

b widely used. Mild steel is subject to attack by
at temperatures above 300 °C and may be
gen. For higher temperatures, up to 1 100 °C,
should be selected, bearing in mind that the
alloy may be infiuenced by the oxidizing or
ies, and also the sulphur content, of the hot at-
less steel and chromium irons may be used at
to 950 °C, but the type of atmosphere deter-
bf material to be used and it is recommended
e manufacturers be consulted. Certain alloys

containing nickgl may be used in sulphur-free atmospheres at
temperatures upto 1 150 °C. Water cooling is used to minimize
the possibility o chemical reactions occurring during sampling:

This precautiol
example, conta
ature is high end
reaction.

is particularly necessary if flue gases; for
n combustible constituents and the temper-
ugh for the hot probe to prolong-or initiate the

75 75

———— Weld plates

determined. The diameter of the gas sampling pjpe shall be

kept to the minimum consistent with freedom from blockage.

A.3 Refractory probes

These probes are usually made of. vitreous silicd, porcelain,
mullite or recrystallized alumina. They are brittle and may
distort at high temperatures; with the exception of silica, they
may crack if subjected to,sudden changes of temperature.

Silica probes can bédsed indefinitely at temperafures below
900 °C. and, despite a tendency to devitrify, still have a useful
life up to 1 100_°€. They may be used for short perjods up to a
maximum temperature of 1 500 °C. :

and cause
tected by a

Because.<hHot ash particles can flux with silica
deterioration of the probe, the probe may be pro
sheath of steel alloy leaving only a few centimetres|of silica ex-
posed at each end. It is recommended that the prot:e is bound
with an insulating layer of asbestos yarn before insgrting it into
the sheath.

Glazed porcelain is normally satisfactory up to 1 °C butis
subject to attack by hot ashes. If higher temperatyires are en-
countered, aluminous porcelain is suitable up tp 1 500 °C,
mullite up to 1700 °C and recrystallized alurmpina up to
1900 °C.

Dimensions in millimetres
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Figure 11 — Typical example of water-cooled sampling probe
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