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Introduction 

Atomic absorption as an analytical technique has been in general use for nearly 
3 decades. Varian Australia as Techtron, then Varian Techtron and now, Agilent
Technologies has been actively involved with research in AA from its very beginning
to present. 

Much work has been done on the flame atomization system. It was recognized very
early that physical and chemical factors placed a limit on sensitivity and detection
limits. Strategies and alternative methods have been developed to extend these
limits [1]. Development work has focused on a robust, cost-effective flame atomizer
which provides optimum sensitivity with greatly extended operating time. 

Operating time can be reduced, because of blockage of the: 

• Nebulizer due to suspended solids or fibers 

• Gas-inlets or drain-tube of the spraychamber by material deposited from
analytical solutions containing high levels of dissolved solids

• Burner by material deposited from analytical solutions containing high levels of
dissolved solids 

• Burner by carbon build-up from fuel-rich flames 

Spraychamber blocking has been reduced by careful design and is easily elimi-
nated by regular flushing with clean solvent. Nebulizer blocking caused by
improper filtering or centrifuging of the sample solutions is usually quickly and
easily rectified.



2

The Mark V spraychamber design introduced easy installation
and removal for cleaning and quick changeover to graphite
furnace operation and this feature has been carried over to
the Mark VI spraychamber. Standard safety features have
also been retained. 

These include: 

• Interlocked nebulizer and spraychamber bungs (presence)

• Spraychamber float (presence of liquid seal) 

• Interlocked burner (type and presence) 

to provide operator safety by ensuring the flame can only be
ignited when the spraychamber is set up correctly. 

Each part of the flame atomization system can be adjusted to
obtain the best performance. 

The operator can achieve this by simple adjusting and monitoring
of the following parts: 

• Nebulizer 

• Impact bead 

• Mixing paddles 

• Burner 

Nebulizer 
The nebulizer is a critical component of the flame atomization
system [3,4]. For optimum and reproducible results, the nebu-
lizer must be manufactured very precisely. Varian nebulizers
are therefore very carefully constructed with long-lasting
materials. The functions of the nebulizer include: 

• Drawing up solution 

• Regulating uptake rate 

• Converting solution to aerosol 

• Providing the main pathway for the oxidant gas 

The selection of materials is very important. For the oxidant
path, the nebulizer has a stainless steel body with brass inter-
nal components. These components will last indefinitely with
correct operation because they are exposed only to air and
nitrous oxide. For the solution path which is directly exposed
to very corrosive solutions, chemically inert materials are
used. Solution is drawn up through polyethylene tubing into a
platinum/iridium capillary and nebulized in a tantalum venturi.

Unless carefully cleaned, a burner (particularly in the case of
a nitrous oxide-acetylene flame) is susceptible to blocking.
Once the blocking process starts it can proceed rapidly. This
adversely affects the signal and gives invalid analytical
results. Therefore if the burner starts to block, the operator
must: 

• Shut down the flame 

• Allow system to cool down 

• Clean the system 

• Re-start the flame 

• Allow thermal equilibrium to be reached 

• Re-check calibration 

This is a time consuming process. Clearly longer burner
operation time means increased productivity.

Figure 1 shows a schematic of the current Mark VI flame
atomization system. This system has been carefully designed
to maximize operation time without loss of analytical sensitiv-
ity or operational convenience. Work has been done to high-
light some of its benefits, particularly in the spraychamber
area [2,6]. 

Figure 1. Mark VI flame atomization system. 

The design features include: 

• A ceramic faceplate, steep floor and wide drain tube to
provide rapid and efficient drainage 

• Mixing paddles for better gas and aerosol mixing and
removal of larger aerosol droplets (thus minimizing
interferences)



3

The polyethylene tubing can be replaced at low cost. It should
be checked frequently for blockage particularly at the solution
end and where it is joined to the capillary. A sudden decrease
in uptake rate (most noticeable as a marked decrease in
absorbance) is a good indication that blockage has occurred.
This can be cleared by careful use of the supplied cleaning
wire or by tweezers after removing the tubing. There are two
different types of tubing which are used in specific situations
and their use is explained below. 

The platinum/iridium capillary is very inert and should last
many years. Abrasive solutions or excessive use of the clean-
ing wire may affect the capillary characteristics. This condition
is usually indicated by an uptake rate greater than 6.5 mL/min
for a standard nebulizer. Checking uptake rate frequently (about
once a month) is a good way to monitor nebulizer performance.
Capillaries are available as kit spares. One of these kits should
be kept on hand at all times. 

The venturi in the nebulizer nozzle determines nebulizer perfor-
mance and so is a critical component. Tantalum is used
because it is very inert and extremely hard. Machining tantalum
must be done carefully and slowly with specialized techniques.
Each venturi takes 30 minutes to make. The final product is long
lasting with consistent analytical characteristics. 

The nebulizer is a precision device which can give many years
of consistent performance if treated carefully. Agilent nebuliz-
ers have been so thoroughly researched and characterized
that when a worn or damaged component is replaced, the
original performance specifications of the nebulizer are
restored. 

Nebulizer Settings 
The solution uptake rate is affected by the position of the
capillary in the venturi, the position of the impact bead and
the chemical and physical nature of the aspirated solutions. 

The effect of the position of the end of the capillary within the
nebulizer is the most important and is shown in Figure 2. As
the tip of the capillary moves through the venturi, the resul-
tant Bernoulli pressure drop starts off at zero (region C). The
maximum Bernoulli pressure drop occurs at region B which
gives a peak in uptake rate and hence maximum absorbance
is observed. This region is therefore called the “hi-vac” mode.
Region A is another optimum configuration referred to as the
“hi-solids” mode. Water and aqueous solutions have consis-
tent characteristics which allows a nebulizer to be optimally
designed to operate in either region A or B with a fixed
uptake rate. This is called the standard nebulizer. 

Figure 2. Absorbance as a function of capillary/venturi position [4].

The situation is less simple for organic solvents. These sol-
vents cause large changes in flame stoichiometry. The uptake
rate must be adjustable between zero and maximum. The
optional adjustable nebulizer allows continuous positioning of
the capillary tip anywhere within region C. This variation in
pressure drop allows control over the uptake rate. The posi-
tioning of the tip in the venturi is extremely critical. To achieve
the fine control essential for consistent results, this nebulizer
has a differential screw which moves the tip 0.1 mm for each
turn of the uptake control. 

Standard Nebulizer 

Hi-Solids Mode 
The hi-solids mode is strongly recommended because it: 

• Is easy to set 

• Minimizes blockage 

• Uses wide bore (0.64 mm id) polyethylene tubing which: 

Does not block easily 
Can be cut to any length 

In theory, particles and fibres in the sample solution are less
likely to block the wide bore tubing. In practice, blocking usu-
ally occurs at the nebulizer capillary where the tubing is
joined on. 

High solid solutions can cause blocking in the narrow throat
of the nebulizer nozzle because evaporation caused by the
oxidant flow leads to salt deposition. The hi-solids mode posi-
tions the tip so that the liquid immediately enters the wide
throat of the nebulizer nozzle and no salt deposition can
occur. 
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Differences in the vertical height from the top of the sample
solution to the nebulizer capillary can, in theory, lead to slight
variations in hydrostatic pressure which could affect
absorbance readings. In practice if sample vessels are filled to
the same depth, these variations in hydrostatic head are small
enough not to cause significant error. Gross differences in,
say, density or viscosity would indicate improper matrix
matching which should be considered poor laboratory tech-
nique. In situations where effects of hydrostatic head are
potentially a problem, the hi-vac mode is recommended. 

Checking Uptake Rate 
First install the nebulizer correctly in the nebulizer bung.
Adjust the impact bead as described below. Check that the
retainer secures the nebulizer and the screw is tightened. Fit
the nebulizer bung into the instrument. To set the nebulizer in
the hi-solids mode: 

1. Loosen the locking ring. 

2. Wind the thimble clockwise as far as it will go without
excessive force. 

3. The locking ring may be left loose. 

4. Attach a suitable length (usually 200-250 mm) of the wide
bore (0.64 mm id) polyethylene tubing. 

5. Check uptake rate is between 4 and 5 mL/min. (Record
this value and check it monthly.) 

Hi-Vac Mode 
The hi-vac mode: 

• Minimizes hydrostatic pressure effects 

• Requires a little care in setting 

• Uses narrow bore (0.38 mm id) capillary tubing which: 

Is pre-cut to length 
Is more easily blocked 

The hi-vac operation mode is recommended especially for use
with a sample changer. The solutions analyzed must contain
low levels of dissolved solids and be free from suspended
solids. 

Checking Uptake Rate 
In hi-vac mode, the length and bore of the polyethylene tubing
control the uptake rate [3]. First install the nebulizer correctly
in the nebulizer bung. Adjust the impact bead as described
below. Check that the locking bar secures the nebulizer and
the screw is tightened. Fit the nebulizer bung into the instru-
ment. An absorbance signal from a 5 ppm copper solution is
required to peak the absorbance. 

1. Attach one length of the supplied narrow bore (0.38 mm id)
polyethylene tubing to the capillary (Note that one end of
the tubing is flared end so it can be fitted to the capillary.
Trying to fit the other end of the tubing will damage it.) 

2. Install and optimize a copper hollow cathode lamp. 

3. Install and position an air-acetylene burner. 

4. Light the flame and adjust to give a blue stoichiometric
flame. 

5. Set the instrument in continuous read mode (use the
SpectrAA Optimize Solution page). 

6. Zero the instrument. 

7. Aspirate the copper solution. 

To Set the Nebulizer: 
1. Loosen the locking ring. 

2. Wind the thimble clockwise as far as it will go without
excessive force. 

3. Slowly turn the thimble counter-clockwise and monitor
the absorbance signal (Warning: Wind the thimble very
slowly. If turned too far counter-clockwise, the capillary
tip moves beyond region C and oxidant begins to escape
out of the capillary. The oxidant flow rate increases signif-
icantly. Note that for safety, the Programmable Gas-box is
designed to shut down if the thimble is adjusted too far
beyond the hi-vac position. 

4. When the signal reaches a maximum value, the nebulizer
is set correctly. 

5. Hold the thimble so it cannot turn and at the same time,
turn the locking ring counter-clockwise until it is firmly
against the thimble. 

6. Check uptake rate is between 3.0 and 6.5 mL/min. Record
this value and check it monthly. 
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8. Turn the locknut counter-clockwise to lock the housing at
this position. Ensure that the locknut is tight. 

9. Rotate the uptake control over its full range of operation
in both directions. Observe the distilled water for any sign
of bubbling. 

If bubbling occurs, slacken the locknut and reset the
position of the housing by repeating steps 7 and 8. 

If no bubbling occurs, take a small measuring cylinder
filled with distilled water and check that no water is
being aspirated with the uptake control in the fully
counter-clockwise position (zero uptake setting). If water
is being aspirated at this setting, you will need to reset
the position of the housing as described in steps 7 and 8. 

10. Turn off the supply of air. 

Adjustable Impact Bead 

The adjustable impact bead helps aerosol formation. Larger
droplets formed by the nebulizer are broken up into smaller
droplets. The position of the bead relative to the venturi has
several useful effects. 

The impact bead position: 

• Provides control over sensitivity 

• Provides control over noise 

• Can be set to reduce interference effects 

• Can be set to extend calibration linearity 

• Controls burner blocking. 

Sensitivity and noise are related as shown in Figure 3. 

With the impact bead close to the venturi, very fine droplets are
formed. Fine droplets in the flame reduce signal noise. Much of
the solution goes to waste and this reduces the signal.

It is important to use the correct polyethylene tubing with
each setting. Using wide bore polyethylene tubing with the
capillary in the hi-vac position will give the maximum uptake
rate of about 10 mL/min as shown in Figure 2. 

This uptake rate naturally gives the maximum absorbance
signal for easily atomized elements (like copper) but this is
not recommended because: 

• Interferences are more likely 

• The capillary is more likely to block 

• The greater amount of liquid perturbs the flame causing
noisy signals 

• The burner is more susceptible to blocking 

• More solution is consumed 

Adjustable Nebulizer 

The uptake control of the adjustable nebulizer allows the cap-
illary to be positioned anywhere within region C. The operator
first locates the zero uptake position in region C. 

To Set the Nebulizer: 
1. Ensure that the nebulizer is correctly installed and the

retainer secured. 

2. Turn the locknut clockwise until it is up against the 
nebulizer body. 

3. Turn the housing clockwise as far as it will go. 

4. Hold the housing with one hand. Now use the other hand
to turn the uptake control counter clockwise as far as it
will go. 

5. Place the free end of the capillary tubing in a container of
distilled water. 

6. Select Air only for flame type and start the flow through
the nebulizer as described in your spectrometer opera-
tion manual (by either pressing the Ignite button or turn-
ing the oxidant lever to Air). 

7. Turn the housing counter-clockwise until bubbles emerge
from the end of the capillary tubing. (This causes the oxi-
dant flow rate to increase significantly. If a
Programmable Gas-box is used, the flow rate must be set
to at least 19 L/min [7]. 

Turn the housing slowly clockwise to the point where
bubbling ceases. This is the zero uptake point in region C
(no solution is being aspirated through the nebulizer). 

Figure 3. Effect of impact bead position on sensitivity and noise for 5 ppm
copper. The impact bead was gradually moved away from the
minimum distance to the venturi. The first reading is a blank. 
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At the position giving the greatest signal, a larger volume per
second of solution is reaching the flame and the signal is
higher for easily atomized elements. Bigger droplets reach the
flame and do not dry evenly and so contribute to flame noise.
This larger liquid volume affects the flame stoichiometry further
contributing to flame noise.

The position of the impact bead can be used to minimize
chemical and atomization interferences. Figure 4 shows a
case in which the impact bead is adjusted for maximum sen-
sitivity. In this example, calcium in a high phosphate matrix
forms a thermally stable compound. In an air-acetylene flame
larger droplets evaporate to produce larger particles of the
refractory compound. The calcium compound therefore has a
reduced chance of being completely atomized while still in
the light path and a matrix effect can be seen. The standard
solution is observed to have a significantly higher absorbance
compared to the same concentration in a phosphate matrix.
In Figure 5, the impact bead is closer to the venturi giving a
finer spray. Smaller droplets dry rapidly and produce small
enough particles to allow complete thermal decomposition of
the compound. The absorbances of the two solutions now
have almost the same value. 

The effect of signal on calibration linearity is shown in
Figures 6 and 7. With the bead adjusted for maximum sensi-
tivity, the calibration slope in Figure 6 is initially greater but
the graph becomes asymptotic. By adjusting the bead for
reduced sensitivity the slope in Figure 7 is less and the
graph is more linear. This in turn means the concentration
range can be extended.

To summarize, the impact bead position can be used to con-
trol sensitivity. Maximum sensitivity is often used for perfor-
mance specifications. Reduced sensitivity is able to provide a
number of analytically useful benefits like reduced noise,
improved precision and controlled interelement interferences
with extended calibration range [2,5]. 

Impact Bead and HF 

The standard impact bead is glass. High concentrations of
dissolved solids in analytical solutions can etch or erode it.
Hydrofluoric acid will chemically attack it. Hydrofluoric acid
should therefore be complexed with boric acid (H3BO3) or a
borate salt (B4O7

2-). Alternatively the optional PTFE bead
should be used. 

Figure 4. Effect of impact bead maximum sensitivity position on interfer-
ences. With an air acetylene flame, a 5 ppm calcium solution in
water has a significantly greater absorbance compared to the
same solution in a high phosphate matrix. 

Figure 5. Effect of impact bead reduced sensitivity position on interfer-
ences. With an air acetylene flame, a 5 ppm calcium solution in
water has a similar absorbance compared to the same solution in
a high phosphate matrix. The first reading is a blank.

Figure 6. Effect of impact bead maximum sensitivity setting on linearity of
calibration graph. The asymptotic nature of the graph means the
concentration range could not be extended.

Figure 7. Effect of impact bead reduced sensitivity setting on linearity
of calibration graph. The graph is now more linear and the
concentration range could be extended.
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Installing and Adjusting the Impact Bead 
Installing and adjusting the impact bead has been described
before [5]. This method has since been revised to be easier
and quicker. The procedure described below should only be
necessary when a new bead is installed. 

1. Remove the nebulizer bung from the spraychamber. 

2. Remove the old impact bead by loosening the locking
screw and pulling the bead out of the adjustment block. 

3. Turn the impact bead adjustment screw clockwise as far
as possible without forcing it (the adjustment screw is
found at the top of the handle on the nebulizer bung). 

4. Carefully insert the new impact bead into the block. 

5. Gently push the impact bead in as far as possible so that
the bead is in the throat of the nebulizer nozzle (note that
the block’s position means it can only be adjusted forward
which moves the impact bead away from the nozzle).

6. Carefully tighten the impact bead locking screw. 

7. Turn the impact bead adjustment screw counter-clock-
wise until the block appears midway in the cut-out in the
nebulizer block. 

8. Check that the impact bead will not slip in the block, by
gentle twisting. 

9. Replace the nebulizer bung in the spraychamber. 

This adjustment of the impact bead is close to the maximum
sensitivity position for easily atomized elements. It can be
confirmed by aspirating a 5 ppm copper standard and moni-
toring the absorbance. Gradually turn the impact bead adjust-
ment screw first clockwise, then counter-clockwise until the
signal is at a maximum. 

If the impact bead is correctly installed and adjusted, it should
be possible to slide a piece of typing paper between the
impact bead and the nebulizer nozzle. 

The reduced sensitivity setting is obtained by turning the
impact bead adjustment screw clockwise until the signal is
about 40% of the maximum signal. 

Mixing Paddles 

The mixing paddles are static (that is they do not turn) in the
spraychamber. The gas flow must therefore reverse its direc-
tion to flow past the first set and then reverse again to flow
past the second set. This double reversal ensures thorough
mixing of acetylene and oxidant. Proper mixing allows a slight
lowering of acetylene flow to maintain stoichiometry. Such
reduced acetylene flow has at least one major benefit. In the

high temperature nitrous oxide flame, there is less acetylene
which can be thermally “cracked” to produce carbon. This
reduces the possibility of carbon build-up. 

The mixing paddles have another purpose which is to con-
tinue the process initiated by the impact bead. Thorough gas
mixing also allows proper mixing of the aerosol. This in prac-
tice means that any large solution droplets remaining after
the nebulized solution strikes the impact bead are removed.
The mixture reaching the combustion zone above the burner
is more homogeneous and the flame reaction takes place
more smoothly. This in turn provides a quieter signal. 

Figure 8 demonstrates an extreme example of noise in which
the mixing paddles have been removed for the determination
of silicon in a nitrous oxide-acetylene flame. As the impact
bead is moved away from the nebulizer nozzle, the signal
increases to a maximum. Past this point, an excessively noisy
flame was observed. 

Figure 9 shows that with the paddles installed the gases are
so well mixed that at no point can a noisy flame be generated.
An analytically better signal is generated with only a small
reduction in sensitivity. 

While it is possible to obtain good results for many samples if
the mixing paddles are not installed, the impact bead is an
essential component and should be installed at all times. 

Figure 8. Effect of mixing paddles on sensitivity and noise for 100 ppm sili-
con. With the paddles removed, it is possible to set the impact
bead to give an excessively noisy flame. 

Figure 9. Effect of mixing paddles on sensitivity and noise for 100 ppm sili-
con. With the paddles installed, no flame perturbation is observed
at any impact bead setting. 
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Installing the Mixing Paddles 
The spraychamber bung must firstly be removed from the rear
of the spraychamber. There is a little boss or “bump” in the
center of one face to distinguish the front of the paddles. This
must face the impact bead and so is inserted first. The pad-
dles are then gently slid in towards the front as far as they
can go. A glass or plastic rod can be used to push them in. 

Note that the paddles must be carefully cleaned to allow
proper “wetting”. This can be done with detergent and hot
water or else with an ultrasonic bath. The paddles must then
be handled only by the edges. Do not touch the faces with
bare fingers. 

Burner 

The Mark VI burner has a number of key design features: 

• Acid-resistant high-nickel alloy fitted with a PTFE collar
for added corrosion resistance 

• Harder material than titanium 

• Small internal volume 

• Cooling fins 

• Flared slot 

Cleaning 
An air-acetylene burner should only require periodic cleaning
depending on the samples being aspirated. More frequent
cleaning of the nitrous oxide-acetylene burner may be
needed. The use of organic solvents increases the possibility
of carbon build-up with the nitrous oxide-acetylene flame. 

A carefully cleaned burner gives the best performance and
reduces both salt accumulation and carbon build-up. The use
of a brass strip to scrape the burner slot is no longer recom-
mended. Studies have revealed that not only does a metal
strip not clean sufficiently well enough but that if abrasive
deposits are present it can cause scratches which will
degrade performance [6]. Regardless of the material of con-
struction, all burner slots will be damaged by the use of metal
cleaning strips. For best results and extended life, the burner
should be cleaned by polishing of the inner walls of the slot
as follows: 

• Use card (for example, business card) and a brass polish
(for example, “Brasso”) 

• Wet card on both sides with polish 

• Slide card into slot 

• Move card up and down (perpendicular to the top) to
polish inside of burner jaws 

• Rub card along top of slot 

• Scrub with a soft nylon brush (for example, toothbrush)
using hot water and detergent 

• Use ultrasonic bath if available 

• Rinse with hot running water 

• Rinse with distilled water 

• Use a clean card to remove water from inside slot and
allow to dry 

A burner cleaned this way operates significantly longer with-
out significant carbon build-up. A Mark VI burner can operate
continuously with a fuel-rich nitrous oxide-acetylene flame for
over two hours. 

O-Rings 

The O-rings are an important part of the system and their con-
dition must be monitored. Any cracked or deformed O-rings
must be replaced immediately. Assembly is made easier if the
O-rings are wetted with distilled water. 

Note: Hydrocarbon or silicon grease must not be used on the
O-rings. A perfluorinated grease may be used very sparingly
and excess wiped off immediately with a clean cloth. 

Performance Check 
Set up the Mark VI flame atomization system as described
below. 

• Nebulizer uptake rate is between 4 and 5 mL/min 

• Impact bead is adjusted for maximum sensitivity 

• Mixing paddles are removed 

• A clean air-acetylene burner is installed and set with the
top of the slot 5 mm below the center of the optical path.
The slot must be parallel to the optical path

• A clear blue stoichiometric flame is lit and the burner
warmed up for ten minutes 

• A copper hollow cathode lamp is installed and optically
aligned. Wavelength is 324.8 nm and slit width is 0.5 nm 

Aspirate distilled water and zero the instrument. Aspirating a
5 ppm copper solution should produce at least 0.5 Abs. 

With the impact bead adjusted, three replicates of 3 s integration
time should give a precision better than 0.5 %RSD.
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Conclusion 

The Mark VI flame atomization system is robust and reliable.
With a little time spent in optimizing the system, it is capable
of achieving long operation times even when analyzing solu-
tions with high levels of dissolved solids in a fuel-rich nitrous
oxide-acetylene flame. 

The Mark VI system can be adjusted to maximum sensitivity
for analyzing solutions with low absorbances. The reduced
sensitivity setting of the impact bead provides for extended
linear calibration ranges and is recommended for solutions
with high levels of dissolved solids. 

The Mark VI system is precisely manufactured from materials
selected to give optimum performance and long life. 
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