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This publication is not to be regarded as a British Standard

It is being issued-in the Draft for Development series of
publications and is of a provisional nature because further
evidence is required before the method described can be
incorporated into a British Standard. It should be applied
on this provisional basis, so that information and experience
of its practical application may be obtained.

A review of this Draft for Development will be carried out
not later than two years after its publication. Notification
of the start of the review period, with a request for the
submission of comments from users of this Draft for
Development will be made in an announcement in the
appropriate issue of BS/ News. Observations which it is
felt should receive attention before the official call for
comments will be welcomed.

According to the replies received, the responsible BSI
Committee will judge whether the Draft for Development
can be converted into a British Standard or what other
action should be taken.
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Foreword

DD 95 has been prepared under the direction of the Non-
ferrous Metals Standards Committee, It describes methods
of analysis for the determination of impurity elements in
higher purity copper cathode, designated Cu-CATH-1, in
order to verify compliance with the requirements for
chemical composition provisionally specified in DD 78.

This Part of DD 95 is the third in a series of eight Parts,
the other seven being as follows:

Part 1. Method for determination of cadmium,
manganese and silver (screening procedure for
chromium, cobalt, iron, nickel and zinc) by
atomic absorption spectrophotometry

Part 2. Method for determination of chromium, cobalt,
iron, nickel and zinc by discrete volume
nebulization atomic absorption
spectrophotometry

Part 4. Method for determination of antimony, arsenic,
bismuth, lead, selenium, tellurium and tin by
electrothermal atomization atomic absorption
spectrophotometry*

Part 6. Method for determination of sulphur by
hydrogen sulphide evolution and
spectrophotometry *

Part 6. Method for determination of phosphorus and
silicon by spectrophotometry*

Part 7. Method for determination of lead by lanthanum
hydroxide separation and atomic absorption
spectrophotometry™®

Part 8. Method for determination of cadmium,
manganese, silver, chromium, cobalt, iron, nickel
and silicon by electrothermal atomization atomic
absorption spectrophotometry*

The atomic absorption spectrophotometric procedures in
Parts 1 and 2 are complementary. A sample solution
concentration found to be satisfactory for nebulizers in
standard atomic absorptiometers was 20 g/L. At this
concentration the precision obtainable, using the method

described in Part 1, was only sufficient to allow the
determination of cadmium, manganese and silver. Results
would be obtained for chromium, cobalt, iron, nickel and
zinc that would prove useful in detecting impurities grossly
in excess of the requirements for chemical composition
provisionally specified in DD 78 for Cu-CATH-1 and would
give a guide to the levels to be determined by Part 2.

The discrete volume nebulization procedure in Part 2 was
developed to enable a higher equivalent sample solution
concentration of 100 g/L to be used without nebulizer
blockage. The method involves no chemical separation,
which can give rise to contamination problems, and the
extra sensitivity obtained enables the impurities to be
determined to an adequate accuracy for the requirements
for chemical composition provisionally specified in DD 78
for Cu-CATH-1.

Parts 1, 2 and 8 essentially cover the same impurities.
Parts 4 and 8 cover the electrothermal atomization atomic
absorption spectrophotometric method and are recom-
mended where the facility is available. Parts 1, 2, 3 and 7
are included for use where the electrothermal atomization
equipment is not available.

The methods described in this Part have been developed
from analytical work in which various types of commer-
cially available apparatus have been used. Consequently,
although every reasonable effort has been made to draft
the methods in a form that is practicable irrespective of the
type of apparatus, information on the actual test conditions
for particular types of apparatus that have been found to
yield satisfactory results may be available, Requests for such
information should be sent to Enquiry Section (London),
British Standards Institution, enclosing a stamped addressed
envelope for reply. Subject to availability, information

will be supplied provided that the type, i.e. manufacturer/
model, of apparatus for which the information is required
is clearly stated in the request.
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Methods

1 Scope

This Part of DD 95 describes methods for the determination
of the actual amounts of the impurity elements antimony,
arsenic, bismuth, selenium, tellurium and tin present in
higher purity copper cathode (designated Cu-CATH-1),

by hydride generation and atomic absorption spectrophoto-

metry. It is applicable to concentrations of the impurity
elements not exceeding the following limits.

antimony 6 pg/g (0.0006 % m/m) maximum
arsenic for each element
bismuth 3 pg/g (0.0003 % m/m) maximum
sefenium

. for each element
tellurium
tin 20 pg/g (0.0020 % m/m) maximum

NOTE. The titles of the publications referred to in this Part are
listed on page 12.

2 Principle

Test solutions are prepared by separating the impurity
elements from the sample of Cu-CATH-1 by double
co-precipitation with lanthanum hydroxide. An aliquot of
each test solution is introduced into a hydride generation
assembly where reaction with sodium borohydride liberates
hydrogen and volatile hydrides which are transferred into
the optical path of an atomic absorption spectrophoto-
meter. The hydrides are thermally dissociated and the
absorbances due to the impurity elements are measured.

The determinations are carried out by either:

(a) the direct flame hydride method, in which sodium
borohydride pellets are used to generate the impurity
element hydrides. The generated hydrogen and the
hydrides are introduced into an argon/hydrogen diffu-
sion flame, generally via the auxiliary oxidant inlet; or

{b) the silica tube hydride method, in which sodium
borohydride solution is used to generate the impurity
element hydrides. The generated hydrogen and the
hydrides are introduced into a silica dissociation tube
that is heated by a normal acetylene/air burner.

3 Reagents

3.1 General

During the analysis, use only reagents of recognized )
analytical quality or higher purity and only distilled water,
deionized water, or water of equivalent purity that has no
detectable levels of the particular elements to be
determined.

NOTE, Unless otherwise stated, all solutions are aqueous solutions.

DD 95 : Part 3 : 1984

3.2 Copper*, a certified reference material of a minimum
of 99.999 % copper.

3.3 Hydrochloric acid, p 1.18 g/mL.

3.4 Hydrochloric acid, p 1.18 g/mL, 50 % V/V solution.
3.5 Hydrochloric acid, p 118 g/mL., 20 % V/V solution.
3.6 Hydrochloric acid, p 1.18 g/mL, 5 % V/V solution.
3.7 Hydrochloric acid, p 1.18 g/mL, 4 % V/V solution,
3.8 Nitric acid, p 1.42 g/mL.

3.9 Nitric acid, p 1.42 g/mL, 50 % V/V solution.

3.10 Lanthanum nitrate, 5 % m/V solution.

3.11 Ammonium hydroxide, p 0.880 g/mL.

3.12 Ammonium hydroxide, p 0.880 g/mL, 10 % V/V
solution.

3.13 Sodium borohydride pellets approximately 3 mm
diameter and 0.3 g mass.

3.14 Sodium borohydride solution containing 1 % m/V
sodium hydroxide and 3 % m/V sodium borohydride
(NaBH,), prepared by dissolving first the sodium hydroxide
and then the sodium borohydride. Filter the solution.
Prepare daily.

3.15 Boric acid, 4 % m/V solution.

3.16 Primary calibration solutions, as given in 3.16.1
to 3.16.6. These are acidified sofutions containing
1.0 £ 0.0005 g/L. of the appropriate element.

. 3.16.1 Antimony. Dissolve 2.669 g antimony potassium

tartrate (K(SbO)C4H404) in a minimum amount of
distilled water and dilute to 1 L with 20 % V/V hydro-
chloric acid solution (3.5).

3.16.2 Arsenic. Dissolve 1.3203 g arsenic trioxide powder
(As,03) in 20 % V/V hydrochloric acid solution {3.5)
and dilute to 1 L with 20 % V/V hydrochloric acid
solution (3.5).

3.16.3 Bismuth. Dissolve 1.000 g bismuth in a minimum
amount of nitric acid solution (3.9) and dilute to 1 L with
20 % V/V hydrochloric acid solution (3.5).

3.16.4 Selenium. Dissolve 1.000 g selenium in a minimum
amount of nitric acid (3.8). Evaporate just to dryness on a
water bath. Add 2 mL distilled water and again evaporate
just to dryness. Repeat the addition of 2 mL distilled water
and evaporation twice more. Dilute to 1 L with 20 % V/V
hydrochloric acid solution (3.5).

- 3.16.5 Tellurium. Dissolve 1.2507 g tellurium oxide

(TeO,) in 20 % V/V hydrochloric acid solution {3.5)

*For information on the availability of copper of suitable purity, apply to Enquiry Sectjon (London), British Standards Institution,

enclosing a stamped addressed envelope for reply.
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and dilute to 1 L with 20 % V/V hydrochloric acid
solution (3.5).

3.16.6 Tin. Dissolve 1.000 g tin in 20 % V/V hydrochloric
acid solution (3.5) and dilute to 1 L with 20 % V/V hydro-
chloric acid solution {3.5).

4 Apparatus

4.1 Atomic absorption spectrophotometer, incorporating
a X 10 scale expansion facility, fitted with a burner for use
with argon/hydrogen or acetylene/air, a strip chart or other
recording system for peak measurement, and electrodeless
discharge (ED) or hollow cathode (HC) lamps.

NOTE., Electrodeless discharge tube equipment is preferred for the
determination of all elements, but hollow cathode lamps may be
adequate for the determination of antimony, bismuth and tin.

4.2 Hydride generator, either a purpose-built pellet
generator as shown in figure 1, or a purpose-buiit solution

64 M 1lb24kkLY 0080881 9 HE

generator as shown in figure 2, both constructed from
borosilicate or similar heat-resistant glass, or a commercially
available generator.

4.3 Silicaabsorption tube, as shown in figure 3, constructed
from silica tube. The tube may be either purpose-built or
as supplied with a commercially available hydride generator.
The length of the tube is dependent on the flame iength of
the burner in the atomic absorption spectrophoto-

meter (4.1): it should be longer than the flame length by
not more than 10 mm.

4.4 Laboratory glassware.

NOTE. It is recommended that new glassware, dedicated to this
specific purpose, be used.

4,5 Paper pulp pad.
4.6 110 mm hardened, rapid filter paper.
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