QHW Designation: E 863 — 98

Standard Practice for
Describing Atomic Absorption Spectrometric Equipment

This standard is issued under the fixed designation E 863; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonej indicates an editorial change since the last revision or reapproval.

1. Scope optical path to measure both incident and transmitted radiation.

1.1 This practice covers those features that are important fof€ two measurements are separated in time. A double-beam
evaluating atomic absorption spectroscopy equipment. It als8YStem separates the incident radiation into two portions. One
discusses performance characteristics and identifies paramet&f¢hese portions (often designatjds measured after travers-
that should be recorded in analytical procedures. ing the analytical cell; the other portion (often designattgd

1.2 This standard does not purport to address all of therepresents the rad_latlon incident on the analytical cell. S|gnfils
safety concerns, if any, associated with its use. It is thdfom the two portions are used to compensate for baseline
responsibility of the user of this standard to establish appro-variability. In single-beam systems, instability of either the
priate safety and health practices and determine the applicalncident intensity or the detector-amplifier sensitivity-gain
bility of regulatory limitations prior to useSpecific warning ~contributes to the variability of the signal. Double-beam
statements are given in the Note in 5.3 and specific precaySteéms can correct completely for either type of instability.

tionary statements are given in Section 7. Neither single-beam or double-beam systems can correct for
fluctuations occurring in the flame.
2. Referenced Documents 5.2 Radiation Sources-The most widely used source of
2.1 ASTM Standards: absorbing lines is the hollow cathode lamp. It emits narrow
E 135 Terminology Relating to Analytical Chemistry for Spectral lines, has low background, and is applicable to
Metals, Ores, and Related Materfals virtually all elements amenable to atomic absorption analysis.
E 416 Practice for Planning and Safe Operation of a Speclhe high-frequency electrodeless discharge lamp (EDL) is also
trochemical Laboratofy an excellent source of sharp line spectra. It provides more
E 520 Practice for Describing Detectors in Emission andntensity than the hollow cathode lamp, but is not as univer-
Absorption Spectroscopy sally applicable. EDLs require a special power supply.
E 1770 Practice for Optimization of Electrothermal Atomic ~ 5-2.1 The hollow cathode lamp shall emit stable, low-drift
Absorption Spectrometric Equipmént radiation of usable intensity, free of interfering spectral lines
E 1812 Practice for Optimization of Flame Atomic Absorp- due to filler gas or cathode impurities.
tion Spectrometric Equipmeht 5.2.2 Stability—Intensity drift shall not exceed 3 % per 15
min after a 30-min warm up. Many lamps available now are
3. Terminology better than 1 % per 15 min after warm up.
3.1 For definitions of terms used in this practice, refer to 5.2.3 Lamp Life—The hollow cathode lamp or EDL shall
Terminology E 135. maintain the above characteristics over the manufacturer's
warranted life. The expected life of hollow cathode lamps is
4. Significance and Use approximately 5 Ah.

4.1 This practice provides criteria for instrument selection 5.3 Flames—Flames are classified as diffusion or premixed.
and should be useful for setting up an atomic absorptio he characteristics of the diffusion flame are determined by the

facility. rate at which the fuel diffuses into the ambient oxygen or the
o ) oxidant supplied through a separate orifide the premixed
5. Description of Equipment flame, the characteristics are determined by the kinetics of the

5.1 Optical System-Both single-beam and double-beam chemical combustion producing the flame. In general, diffusion
optical systems are in use. A single-beam system employs orfames are more turbulent than pre-mixed flames and the flame
reactions are not spatially resolved. Premixed acetylene and air
or acetylene and nitrous oxide flames are the most commonly
L This practice is under the jurisdiction of ASTM Committee E-1 on Analytical US€d atomic absorption flames. Acetylene is the most common

Chemistry for Metals, Ores and Related Materials and is the direct responsibility ofuel. Hydrogen, natural gas, propane, and similar fuels are
Subcommittee E01.20 on Fundamental Practices and Measurement Traceability.
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sometimes used to produce cooler flames. Air and nitrous oxidmeter for the nebulizing gas, a flow meter for each gas, and a

are the normal oxidants. Oxygen has sometimes been used, bldw control system for each gas line at the burner.

due to higher flame propagation velocities, it is not used 5.4.2.1 The manufacturer shall specify suitable gas flows.

anymore. Flow meters should be calibrated in litres per minute or some
Note 1—Warning: Never use copper tubing for acetylene because ofCFJrm:)arabl_e unit. If the burner SySte_m IS to be_ used with a

the possible formation of explosive copper acetylide. nitrous oxide acetylene flame, special precautions to avoid

flashback when the flame is ignited and extinguished, shall be

5.4 Burners—Historically two types of burners were used in . .

; . ) o rovided. The gas control system shall allow the oxidant to be

atomic absorption spectroscopy, the direct injection or tota ; : : e
changed from air to nitrous oxide and back again without

consumption burner and the pre-mix nebulizer burner. The . -
: interruption of flow to the burner. The flame shall be ignited
total consumption burner ensures freedom from flashbacks and.. . . . .
was once pooular for flame spectrosco However. it hadSing air and acetylene, then switched to nitrous oxide. The
; = Pop P >COPY. " ... reverse procedure shall be followed when the flame is extin-
serious disadvantages such as high noise levels, lack of distinc

flame zones, high background emission, and dificulties ingwshed. Some instruments have systems which automatically
obtaining flame shape suitable for absorption measureten

lprovide the startup-shutdown sequence, monitor gas flows, and
and, therefore is no longer being used. The most widely use%hUt down automatically if the gas flows are outside a
burner now is the pre-mix nebulizer burner. In this burner &

prescribed range.
small fraction of the aspirated solution reaches the flame. Only. 5.5 Electrothermal Atomizess-Most flame atomic absorp-
the very finest droplets are used, which makes this an energy-

on spectrometers manufactured currently can be easily
efficient system. The burner produces a high-temperature fla apted for electrothermal analysis, while some atomic absorp-
with relatively low emission background or noise. The flame

tion spectrometers are dedicated to electrothermal analysis.
can be shaped to provide for a long light path through it. A °-9-1 The most commonly used electrothermal atomizer is
serious disadvantage is that the pre-mix chamber contains 4R€ graphite tube furnace. This atomizer consists of a graphite
explosive gas mixture during operation. An explosive flashtube positioned in a water-cooled unit designed to be placed in
back is possible when the burning velocity exceeds the veIoci‘t}"e optical path of the spectrophotometer so that the light from
of the burning gases passing through the burner orificetn€ hollow cathode lamp passes through the center of the tube.
Equipment shall be designed to minimize the probability of al "€ tubes vary in size depending upon a particular instrument
flashback, protect the instrument operator and anyone neartgganufacturer’s furnace design. These tubes are available with

from injury if a flashback does occur, and minimize damage t" Without pyrolytic graphic coating. However, because of
the burner, chamber, and instrument. increased tube life, tubes coated with pyrolytic graphite are

5.4.1 Nebulizers—The nebulizer is used to aspirate the commonly used. The water-cooled unit or atomizer head which
sample and convert it to a fine mist. The most commor{w'ds the graphite tube is c_onstruct_ed in such a way that an
nebulizers employ oxidant gas as the source of energy fdfert 9as, usually argon or nitrogen, is passed over, around, or
nebulization. The mist consists of a wide distribution of through the graphite tube to protect it from atmospheric
particle sizes but only the smallest (less than 1 pm in diameteﬁx'dat'on- The heayng of all pf thes.e atomizers is contro!led by
reach the flame and contribute to the atomic absorption signaPOWer supplies which make it possible to heat the graphite tube
Some pre-mix chambers employ an impingement bead t& 3000°Ciin I_ess _than 1 s. Temperatures and drying, pyroly_5|s,
enhance the generation of smaller particles, and mix the gas@§d atomization times are controlled by these power supplies.
and vapors before passing through the burner slots. Other 5.6 Automatic Background CorrectierAutomatic back-
pre-mix chambers enhance particle size separation by bafﬁegjc_)und correction is recommended for all atomic absorption
that allow only the finest particles to reach the flame. The resulnits.
is a smaller but more stable absorption signal. Ultrasonic 5.6.1 Automatic background correction is a necessity for all
nebulizers have been used experimentally for fog generatiospectrophotometers used with electrothermal devices. When
They provide an efficient generation of a uniform mist. In electrothermal atomizers, especially graphite furnaces, are
practice, however, such problems as feeding the sample uriieated to high temperatures, background from absorption is
formly, conducting the vapor to the burner, and sampleproduced within the graphite tube. Also, small amounts of
memory have prevented this nebulization system from beconparticulate matter in the furnace contribute to the background
ing popular. The nebulizer efficiency, or the fraction of the signal. Therefore, it is essential to correct or compensate for
aspirated solution that actually reaches the flame, shall behis background.
specified for pre-mix nebulizer burner systems. The efficiency 5.6.1.1 Magnetic (Zeeman type) background correction
is a function of the rates of solution uptake and of the discharggives wider range of correction than hydrogen or deuterium
through the drain tube. background correctors and is a preferred type for spectrometers

5.4.2 Gas Flow Controls—Stable flame operation depends using electrothermal atomization.
on reproducible and stable flow of fuel and oxidant gases. A 5.7 Spectrometer-The wavelength where absorption mea-
minimal system shall have a two-stage regulating device at theurements are made is isolated from the total spectrum of the
fuel source and at the oxidant source. There shall be a pressyséimary radiation source by means of a monochromator, or by

nondispersive devices.

SKirkbright, G. F., and Sargent, M.Atomic Absorption and Fluorescence 5.7.1 Monochromator TypesMonochromators are prima'
SpectroscopyAcademic Press, New York, NY, 1974, p. 201. rily classified as to whether the wavelength-discriminating



