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Foreword

This British Standard, prepared under the authority of the Chemicals Standards
Committee, comprises a specification for liquid chlorine suitable for a range of
industrial uses. It is a revision of the first edition which was published in 1965;
the latter is now withdrawn.

Chlorine 1s a powerful irritant to the skin, mucous membrane and respiratory
system. Users should consult the following publications.

a) “Precautions in handling, storage and use of liquid chlorine”; Safety and
Health, new series No. 37, published by H.M.S.O.

b) “Methods for the detection of toxic substances in air, booklet No. 10,
Chlorine” published by H.M. Factory Inspectorate. This provides data on the
physiological response to various concentrations of chlorine gas.

¢) “Codes of practice for chemicals with major hazards — Chlorine”, published
by the British Chemical Industries Safety Council of the Chemical Industries
Association Ltd.

Because of the hazardous nature of liquid chlorine, intending users should
consult the chlorine manufacturers on the design of chlorine handling equipment
and on suitable operating procedures. The latter should include employee
training, protective equipment, emergency measures, provision of suitable first
aid equipment and procedures for vaporization and sampling.

Users are warned that it is dangerous to vaporize large quantities of liquid
chlorine (for example from large storage tanks) so that the less volatile nitrogen
trichloride, which on decomposition can give rise to a violent explosion,
concentrates in the residues. The manufacturer should be consulted on the
procedure for vaporization.

This revision incorporates (see Appendix C, Appendix D and Appendix E) two
International Standards in the preparation of which the United Kingdom has

been an active participant. These are both related to liquid chlorine for industrial
use and are ISO 2121, ISO 2202 and ISO 2202, Addendum 1.

They form alternatives replacing the single method given in Appendix B of
BS 3947:1965. Appendix A gives methods of sampling and vaporizing liquid
chlorine in which the method for sampling into pressurized sample

containers (A.2) is technically similar to the equivalent method described in
ISO/R 1552.

An improved method for determination of nitrogen trichloride content is given in
Appendix G.

Certification. Attention is drawn to the certification facilities described on
the inside back cover.

A British Standard does not purport to include all the necessary provisions of a
contract. Users of British Standards are responsible for their correct application.

Compliance with a British Standard does not of itself confer immunity
from legal obligations.

Summary of pages

This document comprises a front cover, an inside front cover, pages 1 to iv,
pages 1 to 34, an inside back cover and a back cover.

This standard has been updated (see copyright date) and may have had
amendments incorporated. This will be indicated in the amendment table on the

inside front cover. Documents
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1 Scope

This British Standard specifies requirements for
liquid chlorine for general industrial use.

2 References

The titles of the publications referred to in this
standard are listed on the inside back cover.

3 Description

Liquid chlorine is a clear yellow liquid, which on
vaporizing gives a greenish yellow gas. It is gaseous
at atmospheric temperatures and pressures. The
chlorine supplied in the customary pressure
containers is present in both liquid and gaseous
phases.

4 Sampling

The methods of sampling given in Appendix A shall
be used, as appropriate, for the purposes of this
specification.

5 Chlorine content

The chlorine content of the vaporized liquid shall be
not less than 99.5 % (v/v) when determined by the
method described in Appendix B.

6 Water content

The water content of the vaporized liquid shall not
exceed 100 mg/kg when determined by either of the
methods described in Appendix C and Appendix D

(see also Appendix E).

7 Residue on evaporation

The residue on evaporation of the liquid shall not
exceed 200 mg/kg on evaporation at 20 °C, when
determined by the method described in Appendix F.

8 Packaging and marking

Liquid chlorine shall be supplied only in steel
containers which satisfy the recommendations of
the Home Office for design, construction?, marking,
maintenance and contents limitation.

NOTE In the cases of rail and sea conveyance, the containers
have also to be approved in these respects by British Rail and the

Department of Trade (Marine Division) respectively under their
regulations for the carriage of dangerous goods.

D Attention is drawn to BS 401 and [BS 349. A claim that the container complies with the requirements of BS 401 does not imply

that its contents meet the requirements of BS 39417

Documents

© BSI 12-1999

Full document details: BS 3947:1976

Document Sharing Htjb


http://dx.doi.org/10.3403/00041372U
http://dx.doi.org/10.3403/00076198U
http://www.avadocuments.com/doc/bs-3947-1976
http://www.avadocuments.com/doc/bs-3947-1976

BS 3947:1976

Appendix A Methods of sampling and vaporizing liquid chlorine and of
disposing of chlorine gas

NOTE Except for the method described in A.2, there is no equivalent ISO method.
A.1 General

This appendix gives procedures, for use in the methods of test described in the other appendices, by means
of which liquid chlorine may be sampled from a flowing stream, or from a pressure vessel, vaporized and
subsequently absorbed. It comprises procedures for:

a) sampling into pressurized sample containers (A.2);

b) sampling into non-pressurized sample containers (A.3);

¢) vaporization of sample from pressurized sources (A.4);

d) vaporization of sample from non-pressurized containers (A.5);

e) disposal of chlorine gas (A.6).
Samples should be taken from the bulk of the liquid to be sampled. In the case of chlorine supplied in

containers, this can be done by using a dip tube: in the case of samples from a flowing stream, the
arrangement shown in Figure 1 should be used.

Where possible, determinations should be carried out by vaporizing liquid chlorine directly from the source.
If samples have to be taken, stainless steel or glass sample containers should be used.

A.2 Sampling into pressurized sample containers

NOTE This method is technically similar to the equivalent method described in ISO/R 1552.

A.2.1 Apparatus. The installation, shown diagrammatically in Figure 2, comprises the following.

A.2.1.1 Sample container, constructed of stainless steel, complying with the requirements of BS 401 and
having a usable capacity of from 1 litre to 10 litres (see example in Figure 3 and Figure 4), the shorter tube
having a length so calculated to give 12 % to 15 % of ullage. For the purposes of sampling, the usable
capacity V, i.e. the volume from the bottom of the sample container to the lower end of the shorter tube,
shall be determined initially by weighing before and after filling the sample container with water at 20 °C.
The value of 1.25 V shall be inscribed on the sample container (see A.2.2).

NOTE Glass-lined sample containers may also be used, provided their pressure rating is adequate.

A.2.1.2 Connection pipes and needle valves made of chlorine-resistant materials, e.g. stainless steel. The
equipment should be kept free from moisture at all times, as stainless steel is attacked by wet chlorine.

A.2.2 Procedure. Weigh the clean and dry sample container (A.2.1.1). Check that there is no blockage in
the dip tube by connecting the vessel to a vacuum pump, as indicated in Figure 5, and opening both valves
carefully and progressively. The rapid passage of air, observed in the sulphuric acid bubbler, indicates the
absence of any blockage.

Check that the valves are functioning correctly by closing them alternately. The passage of air should then
cease.

Weigh the sample container and connect it to the installation illustrated in Figure 2 with all the valves
closed. Open valve V; to allow the chlorine to flow to valve V,. Close valve V; and open valve V, and check
the connections for gas tightness with a little soapy water. Open valves V; and V, to allow liquid chlorine
to flow through the system as indicated by the arrows in Figure 2. Allow the liquid to flow for a suitable
time to obtain a representative sample. Close valves V,, V, and V; in succession and immediately open
valve V, to allow the chlorine contained in the piping to evaporate. If necessary heat the pipes with steam.
Then close valve V, and disconnect the sample container.

Check for correct filling of the sample container in the following manner.
Wipe away any condensation water on the outer wall and weigh the filled sample container.
The mass of the liquid chlorine sample (M, — M,) shall not exceed 1.25 V where

M, 1is the mass of the empty sample container (kg);

M, 1is the mass of the filled sample container (kg);

Vis the volume of the sample container from the bottom of the sample container to the lower end of the
shorter tube (litres).
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If the mass, in kilograms, exceeds the value of 1.25 V, reconnect the sample container to the sampling
installation and discharge the excess of liquid chlorine by opening valve V..

A.3 Sampling into non-pressurized sample containers
A.3.1 Apparatus
A.3.1.1 Sampling system, a typical example of which is shown in Figure 6, comprising:
a) two sampling flasks;
b) two vacuum-jacketed cooling baths containing a mixture of solid carbon dioxide with a suitable solvent
such as trichloroethylene.
WARNING. Because of the toxicity of trichloroethylene, it is recommended that it should be handled with
care and in a well-ventilated fume cupboard.
A.3.1.2 Chlorine absorption apparatus, as shown in Figure 9 (see A.6).
A.3.1.3 Thermometer, spirit in glass, complying with the requirements of , type B, capable of
measuring temperatures down to — 80 °C.

A.3.2 Procedure. Assemble the appropriate sampling flasks [A.3.1.1 a)], connect to the appropriate chlorine
source as shown in Figure 6 and immerse in the cooling mixture. Collect a suitable quantity of liquid in the
first flask, maintaining the temperature of the cooling mixture at — 50 °C or lower. Close the container
valve securely while the flasks are still connected and immersed in the cooling bath. Disconnect the flasks
from the chlorine source and insert their stoppers.

NOTE Alcohols should not be used for cooling as they can react with chlorine to form explosive organic hypochlorites.
A.4 Vaporization of sample from pressurized sources
A.4.1 Apparatus, shown in Figure 8, comprising the following.

A.4.1.1 Filter (F), consisting of a threaded stainless steel tube approximately 6 mm internal diameter
and 150 mm long, filled with glass wool.

A.4.1.2 Stainless steel needle valve (V)

A.4.1.3 Three-way stopcock (R,), used as a safety by-pass valve or as a means of introducing nitrogen or air
purges.

NOTE Stopcocks, etc., should be lubricated with chlorine-resistant grease. Greases based on fluorinated or chlorofluorinated
products are suitable.

A.4.1.4 Stainless steel coil, 250 mm to 500 mm in length, 6 mm to 8 mm internal diameter, immersed in a
bath of water which is heated to 80 °C by means of an electric heater (H).

A.4.1.5 Electric heater (H)

A.4.1.6 Glass safety lute (P) filled with carbon tetrachloride. Varying the height A will alter the pressure,
and hence the flow rate, of chlorine gas through the connected apparatus.

A.4.2 Procedure
A.4.2.1 Assemble the apparatus as shown in Figure 8.
A.4.2.2 Open the valve connecting the vaporization apparatus to the liquid chlorine source.

A.4.2.3 Turn the stopcock (R,) and open the needle valve (V;) to allow the chlorine to pass into the coil in
the water bath. Allow the liquid chlorine sample to vaporize slowly.

A.5 Vaporization of sample from non-pressurized containers
A.5.1 Apparatus. As for A.3 (see Figure 6).

A.5.2 Procedure. Remove the cooling bath from the second sampling flask. Allow the temperature of this
flask to rise to ambient level so that any liquid chlorine contained therein will evaporate. Then remove the
cooling bath from the first flask and allow the liquid chlorine sample to vaporize slowly.

A.6 Chlorine gas disposal

Dispose of chlorine gas into a safe absorption system such as is shown in Figure 9, using appropriate
volumes of 200 g/I sodium hydroxide solution.

NOTE This method differs from the corresponding method described in ISO 2120 which was disapproved, for technical reasons, by
the United Kingdom.
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Appendix B Method for the determination of chlorine content

NOTE This method differs from the corresponding method described in ISO 2120 which was disapproved, for technical reasons, by
the United Kingdom.

B.1 Principle

The liquid chlorine is vaporized and reacted with sodium chloride-potassium thiocyanate solution and the
volume of gaseous impurities measured.

Any other halogens and hydrogen halides present in the sample will be wholly absorbed in the reagent and
any carbon dioxide present will be partially absorbed. However, the concentrations of hydrogen chloride
and carbon dioxide normally present in liquid chlorine are such that the errors due to their absorption may
be neglected.

B.2 Sampling

Obtain the sample as described in A.2.

B.3 Vaporization

Vaporize the sample as described in A.4.

B.4 Chlorine gas disposal

Dispose of the excess chlorine gas as described in A.6 using at least 500 ml of 200 g/l sodium hydroxide
solution.

B.5 Reagents

The reagents used shall be of a recognized analytical quality. Water complying with the requirements of
shall be used throughout.

B.5.1 Sodium chloride, saturated solution.

B.5.2 Sodium chloride-potassium thiocyanate solution. Dissolve about 1.4 kg of sodium chloride in 4 litres
of warm water and cool to room temperature. Decant 2 litres of this saturated solution from any
undissolved salt and add to it 40 g of solid potassium thiocyanate. Shake to dissolve the potassium
thiocyanate and transfer to a 2 litre unstoppered aspirator to ensure saturation with dissolved air.

B.6 Apparatus

Ordinary laboratory apparatus, and

B.6.1 Volumetric flask, as shown in Figure 10.

B.6.2 Flowmeter, variable area, with a ceramic float or a capillary flowmeter capable of measuring a flow
of 60 litres per hour.

B.6.3 Aspirator, capacity 2 000 ml.

NOTE Stopcocks etc. should be lubricated with chlorine-resistant grease. All connections should be made from chlorine-resistant
material, e.g. PTFE.

B.7 Procedure

Assemble the apparatus. Connect stopcock B on the volumetric flask (B.6.1) to the chlorine

vaporizer (Figure 8) and stopcock A, via the flowmeter (B.6.2), to the chlorine absorption apparatus
(Figure 9) or a well ventilated fume cupboard. Pass liquid chlorine through the vaporizer, at such a rate as
to give a gaseous chlorine flow rate of 60 litres per hour through the volumetric flask, for a period of 20 min
to displace all the air from the system. Close stopcock A of the volumetric flask, allowing a small positive
pressure to build up within the flask. After 5 s, turn stopcock B so that the flask is isolated and the
vaporizer is connected to a suitable venting system. Immediately stop the liquid chlorine supply and allow
any liquid chlorine remaining in the vaporizer to vaporize through the venting system.

Do not allow the chlorine to vaporize into a closed system for more than a few seconds, as the pressure
developed may cause escape of liquid chlorine from the apparatus.

Allow the volumetric flask containing the test portion to stand for at least 10 min in order to attain ambient
temperature. Attach a levelling bottle, containing saturated sodium chloride solution, at the open capillary
side of stopcock A. Fill the capillary arms and bore of the stopcock with the solution. Place a small beaker
containing saturated sodium chloride solution in a position such that the end of the capillary tubing lies

just below the surface of the liquid. Open stopcock A through to the beaker and allow the sample to bubble
through the solution until atmospheric pressure is attained within the volumetric flask. Close stopcock A
and remove the beaker and levelling bottle. It is important that the body of the flask should not be handled

during the above procedure. Documents
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Attach the aspirator (B.6.3), containing the sodium chloride-potassium thiocyanate reagent, to the inlet of
the stopcock B by means of suitable flexible tubing. Clamp the volumetric flask at an angle of about 30° to
the horizontal so that the stopcock B is pointing downwards and clamp the reagent aspirator in a position
slightly above the flask. Open the stopcock of the aspirator and turn stopcock B so as to flush all air from
the connecting tube and from the bore of stopcock B. When all air has been removed, turn stopcock B so as
to allow reagent to enter the volumetric flask and react with the chlorine. It is important that the reaction
1s carried out using a small positive head of reagent at all times.

When the reaction is apparently complete (after about 5 min), close stopcock B and invert the flask several
times in order to remove any remaining traces of chlorine. Finally, open stopcock B through to the aspirator
and note the volume of residual gas when levelled off to atmospheric pressure.

B.8 Expression of results
Chlorine content, expressed as percentage by volume, is given by the formula:
Vv, 100
100 - ——
Vs

where

V, 1is the volume of residual gas (ml);

V, 1is the capacity of the volumetric flask (ml).

Appendix C Method for the determination of water content: gravimetric
method

NOTE This method is technically identical with that described in ISO 2121.
C.1 General

This appendix describes a gravimetric method for the determination of the “volatile water”, i.e. that which
volatilizes at the same time as the chlorine during the gasification of liquid chlorine for industrial use.

C.2 Field of application

This method should not be used with samples taken in steel containers subject to corrosion in that the
hygroscopic ferric chloride so formed will absorb water and invalidate the result of the determination.

C.3 Principle

The water is absorbed by passing the gasified sample into tared absorbers containing phosphorus (V) oxide
or magnesium perchlorate.

The gaseous chlorine and any volatile impurities, other than water, are eliminated by flushing the
absorbers with dry air or nitrogen heated to 80 °C.

The chlorine leaving the absorbers is passed through a tared bottle containing sodium hydroxide solution.

The absorbers and the bottle containing the sodium hydroxide solution are reweighed and the mass of
water and that of the chlorine sample are obtained by difference.

C.4 Sampling

Obtain the sample as described in A.2 or directly via a vaporizer (Figure 8) from a flowing stream
(Figure 1).

C.5 Vaporization
Vaporize the sample as described in A.4.
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C.6 Reagents

The reagents used shall be of laboratory grade and water complying with the requirements of shall
be used throughout.

C.6.1 Absorbent. Choose either
C.6.1.1 Phosphorus (V) oxide, or

C.6.1.2 Magnesium perchlorate, granules in the size range 3 mm to 5 mm (to avoid loss of material during
the absorption of water) and containing not more than 2 molecules of water of crystallization, i.e. 13.9 %,
as determined by the method given in C.10.

Magnesium perchlorate should not be used if the presence of organic matter is suspected.

C.6.2 Air or nitrogen, dry.

C.6.3 Sodium hydroxide, 200 g/l solution, approximately 5N.

C.6.4 Iodized starch indicator, 2 g/l starch solution containing 40 g of potassium iodide and 4 g of sodium
hydrogen carbonate per litre.

C.6.5 Acetone

C.6.6 Chlorine-resistant grease. Greases based on fluorinated or chlorofluorinated products are suitable.
C.7 Apparatus

The apparatus, shown diagrammatically in Figure 12, comprises the following.

C.7.1 Bottle (A), containing 2.5 litres of the sodium hydroxide solution (C.6.3) for absorbing the test portion
of chlorine used.

C.7.2 Bubbler (C), containing about 100 ml of the iodized starch indicator (C.6.4) for detection of chlorine
breakthrough.

C.7.3 Safety bottle (G).

C.7.4 Flowmeter (F), variable area, with a ceramic float or a capillary flowmeter capable of measuring a
flow of 60 litres per hour.

C.7.5 Stopcock (Ry).

C.7.6 U-tubes Ty, Ty, T4 and E, each about 80 mm in height, made of 12 mm o.d. standard wall glass tube,
with ground glass stopcocks. Three of the tubes (T,, Ty, and T5) contain the phosphorus (V) oxide (C.6.1.1)
or the magnesium perchlorate (C.6.1.2) covered by a wad of glass wool in each of the two branches. Each
loaded tube, weighed separately, should have a mass of not more than 100 g. All connections should be of
chlorine-resistant tubing and kept as short as possible. The U-tube (E), fitted with ground glass joints,
should be filled with glass wool previously dried in an oven at 110 °C for 1 h.

C.7.7 Flexible connections, of chlorine-resistant tubing.

C.8 Procedure

C.8.1 Preliminary operations. Clean the U-tubes T,, Ty, and Ts, first with water, then with acetone (C.6.5)
and dry them. Fill them with the absorbent (C.6.1), coat the stopcocks with a little of the chlorine-resistant

grease (C.6.6) and connect the absorber tubes in the apparatus, as shown in Figure 12, to the chlorine
vaporizer (Figure 8) and thence to the chlorine supply (Figure 1 or Figure 2).

When the absorber tubes are freshly charged, condition them by passing gaseous chlorine at a rate
of 25 litres per hour for 2 h in order to allow the chlorine to react with certain impurities in the absorbent.
Unless this is done, the first result will be in excess of the correct value.

Close the chlorine feed valve V; (Figure 1) or V, (Figure 2) to turn off the chlorine supply to the vaporizer
(Figure 8). Operate the stopcock R, to purge the apparatus with dry air or nitrogen (C.6.2).

Flush the absorber tubes for 10 min at the rate of 25 litres per hour with the dry air or nitrogen, heated to
about 80 °C by the chlorine vaporizer, to eliminate any volatile impurities, other than water, remaining in
the absorber tube.

Remove the hot water bath and flush for a further 5 min with the same gas at room temperature.

Then close stopcocks R; (Figure 8) and R, (Figure 12) and those on the absorber tubes. Disconnect the
absorber tubes T, Ty and Ty (Figure 12), and weigh them separately, to the nearest 0.1 mg.

Replace the absorber tubes in the apparatus and open all the stopcocks on the U-tubes.
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Replace the 2.5 litres of the sodium hydroxide solution (C.6.3) in the bottle A, weigh complete to the
nearest 0.5 g, and reassemble the apparatus.

C.8.2 Determination. Turn on the chlorine supply and turn the stopcock R, (Figure 8) so as to allow the
filtered and subsequently vaporized chlorine to flow towards the safety lute P (Figure 8). Then open the
stopcock R, (Figure 12) to allow the chlorine gas to enter the absorption train at a flow rate of 25 litres per
hour.

Allow about 100 litres of the chlorine gas to pass into the absorption train. Weigh the bottle A, complete,
after the determination and calculate the mass of absorbed chlorine.

During the determination, which lasts about 4 h, it is essential that all chlorine gas passed through the
tubes be totally absorbed. Such is the case if the iodized starch indicator (C.6.4) in the bubbler (C.7.2) does
not develop an intense blue colour.

When sufficient chlorine has been passed, turn off the chlorine supply and adjust the stopcock R,

(Figure 8) to purge the apparatus for 10 min at the rate of 25 litres per hour with dry air or nitrogen heated
to about 80 °C by the chlorine vaporizer. Remove the hot water bath and continue the flushing for a
further 5 min with the same gas at room temperature, then close stopcocks R; (Figure 8) and R, (Figure 12)
and those on the absorber tubes.

Disconnect the absorber tubes, T,, Ty and T, and reweigh them separately to the nearest 0.1 mg.

Normally, the water is completely absorbed in the tube T,. If the tube T, shows an increase in mass of more
than 20 % of the quantity absorbed in T, repeat the determination after recharging T, and reconditioning
the tube by the method described in C.8.1, paragraph 2.

T, will likewise indicate when the contents of T, require renewal and also act as a safeguard. The increase
in mass of the third tube (T5) should not exceed 2 mg.

NOTE To obtain reproducible results it is necessary, each time, to pass the gas in the same direction through the tubes, to place the
tubes in the same order and to treat the tubes in the same way before each weighing, e.g. by wiping with a chamois leather.

C.9 Expression of results
Water content, expressed in milligrams per kilogram of chlorine, is given by the formula:

my” 10°

+
m ml

where

m, 1s the mass of the weighed water in the absorber tubes T,, Ty, and T4 (C.7.6), i.e. the difference
between the masses of the absorbers before and after passage of the chlorine (g);

m 1is the mass of chlorine in the test portion, i.e. the difference in the mass of the sodium hydroxide
absorption bottle A (C.7.1) before and after the determination (g).
Express the results to the nearest unit.

C.10 Method for checking the degree of hydration of the magnesium perchlorate used as drying
agent in the determination of water content of chlorine

C.10.1 Principle. The increase in temperature resulting from the dissolution of the magnesium perchlorate
in water 1s measured. The water content is ascertained from a calibration graph which plots the water
content of magnesium perchlorate against the increase in temperature resulting from its dissolution.

C.10.2 Apparatus
C.10.2.1 Silvered Dewar flask, of about 60 mm internal diameter, 100 mm high and of 300 ml capacity.

C.10.2.2 Thermometer, complying with the requirements of , covering the range 0 to 100 °C,
graduated at each 1 °C interval.

C.10.2.3 Waxed cork stopper, pierced with a hole to take the thermometer and intended to form a stopper
for the Dewar flask (C.10.2.1).

C.10.2.4 Filter paper cylinder, 40 mm in diameter and 75 mm high, open at the top, made from a
rectangular sheet of filter paper measuring 100 mm X 150 mm, rolled on a suitable former and turned in
towards the bottom to form the base, the whole being held in shape with adhesive paper.

C.10.2.5 Graduated measuring cylinder, 100 ml, complying with the requirements of .
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