
Introduction

For a thermal-desorption analysis
to be successful, the adsorbent
inside each tube and secondary
trap must be properly packed.
Any voids caused by settlement
or contraction of the packing may
induce channeling of the gas flow
during pumped sampling and
thermal desorption. Such effects
may also disturb the geometry of
the ‘air gap’ which is critical for
predictable performance in dif-
fusive sampling. Furthermore,
the adsorbent may be damaged
during improper packing, rough
handling or by thermal shock,
giving rise to small fragments
(fines) that fill the interstices
between the packing particles
and, this way, partially block 

the flow of gas during sampling
and desorption. Clearly, tubes
and traps that are correctly packed
and maintained will give better
sampling and analytical perfor-
mance and should generate better
data as a result.

In the case of glass tubes and
traps, the condition of the pack-
ing may be assessed by visual
inspection. This is not an option
for diffusive monitoring because
of the (opaque) metal tubes nor-
mally employed. Therefore, some
other means must be found. One
convenient technique to assess
packing integrity is to measure
the pressure drop across the tube
or trap while a fixed flow rate of
gas is applied. 

Tube and Trap Impedance
Testing on the TurboMatrix 650
ATD Thermal Desorber
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Automated tube and trap 
impedance measurement 
tracks packing integrity

Monitoring of tube-to-tube 
variations establishes working
specifications

Impedance measurements 
against specified limits or 
initial values optimize QC 
efficiency

Tubes and traps maintained 
in optimum condition enhance
confidence in analytical data

Key Benefits
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While such measurements have
been previously performed manually,
the PerkinElmer® TurboMatrix™ 650
ATD Thermal Desorber incorporates
unique* technology that automati-
cally monitors the packing integrity
of adsorbents within thermal desorp-
tion tubes and traps. This approach
not only allows quality control of
tube and trap preparation and
tracking of tube and trap aging, but
also ensures that calibration tubes
are representative of sample tubes.

Principle of impedance
measurement

When considering the flow of gas
through a porous medium like an
adsorbent packing, we may use terms
like “flow impedance”, “resistance”
(pressure per unit flow), “gas per-
meability” or “conductance” (flow
per unit pressure). We tend to use
these in relative terms – e.g. high
impedance or low permeability. 
Each is a reciprocal of the other.

To describe the gas permeability
through a porous tube, Equation 1
combines the Hagen-Poiseuille
Equation that describes the flow 
of fluids through open tubes and
Darcy’s Law that describes the flow
of fluids through porous media.

Where:

Fo is the gas flow rate at the tube 
outlet

Bo is the specific permeability 
coefficient of the packing 

A is the tube inner cross-sectional 
area

L is the adsorbent-bed length

ηη is the viscosity of the gas

ΔΔp is the pressure drop across the 
tube

Of particular interest in this equa-
tion is the specific permeability
coefficient, BBoo. This is a term that
includes the size of the packing
particles and the distance between
them in the packed bed. In essence,
this is a function of the packing
quality. If the other terms ((AA,,  LL  aanndd  ηη))
are consistent between all tubes,
then the relationship between the
flow rate ((FFoo)), and the pressure
drop ((Δpp)), becomes a good measure
of the packing integrity.

For the purpose of standardization,
we will define the impedance as 
the measured pressure drop across 
a tube when a set gas pressure of 
50 kPa is applied and a flow of 
50 mL/min (at ambient pressure) 
is allowed to pass through it.

Note that gas is normally treated as
a compressible fluid and compress-
ibility factors would normally be
included in Equation 1. However,
the pressure drop across the tube
and trap is normally very small 
in comparison with the applied
pressure so that, for the purposes of
this application, the effect of gas
compressibility may be neglected.
Note also that the flow rate through
a packed bed should be directly
proportional to the pressure drop
applied across it.

In thermal-desorption instrumenta-
tion, the adsorbent tube or trap is
usually placed in a position where
the outlet flow of gas will pass into
some other device such as a second-
ary trap or the GC column as shown
in Figure 1. This will mean that the
pressure above each end of the tube
will be at above-ambient pressure
during normal operation and will be
subject to the analytical conditions
applied. 
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Figure 1. When measuring pressure drop across a thermal-desorption tube or trap within a thermal-desorption instrument, both inlet (Pi) and outlet (Po)
pressures are above ambient pressure (Pa).

* Patents pending

Fo =
Bo • A • ΔΔp

L • ηη
Equation 1



automated method) against that ex-
pected at ambient pressure (manual
method), it should also be possible to
correlate performance with different
gases. Figure 5 shows the pressure
drops (measured at 50 kPa) for 10
different tubes measured with
helium and nitrogen. According 
to Equation 1, the slope of this line
(which has been zero-forced) should
represent the ratio of the two gas
viscosities. For these data, the dif-
ference is less than 2% – well within
expected experimental error. These
tubes are well used and therefore
show a reasonably wide range in
pressure drop, a deliberate choice to
improve this test. Note how close the
points lie to the fitted line, pointing
to the robustness of this test.

Tube and trap impedance
testing on the TurboMatrix
650 ATD

The TurboMatrix 650 ATD incorpo-
rates both tube and trap impedance
testing. A screen capture from the
system log file in Figure 6 (Page 5)
shows displayed tube and trap
impedances. In this instance,
unreasonable limits have been
deliberately used to show off the
bad tubes and the trap – all flagged
by a **. Screens like this may be
used by users to establish their own
working limits and to ensure that
subsequent tubes are ‘the same’ as
those used for method development.

ppaa is the absolute pressure of the 
gas entering the tube using the 
automated method

ηηmm is the viscosity of the gas 
flowing through the packing 
using the manual method

ηηaa is the viscosity of the gas 
flowing through the packing 
using the automated method

Figure 3 (Page 4) shows tube varia-
tions from 20 glass and 20 stainless
steel tubes packed with Tenax™ TA
and the measured pressure drop
with nitrogen applied at 50 kPa
with a flow rate of 50 mL/minute.
Tube-to-tube variations can be mon-
itored to establish quality control
(QC) and working specifications
and identify tubes that are at vari-
ance (like the one circled in Figure 3).
Figure 3 also shows the pressure-
drop difference between the two
types of tubes.

Figure 4 (Page 4) shows the same
data as Figure 3, but this time com-
pared to pressure drops measured on
the same tubes at ambient pressure.
Note how they all fall on a straight
line. According to Equation 1 shown
earlier, the slope of this line should
equal the ratio in applied (absolute)
pressures. In this case, there is a
1.2% difference indicating close
agreement with the theory.

Besides correlating the pressure drop
at elevated pressure (proposed 

To determine packing impedance,
only a single measurement of the
pressure drop across it is required.
This measurement may be easily
made with a low-range differential-
pressure transducer. To compare
results against those expected from
measurements taken using a manual
method at ambient pressure, it is
necessary to make a pressure cor-
rection. A second pressure trans-
ducer is needed to monitor the
absolute pressure of the carrier gas
applied to the tube during the im-
pedance measurement. Figure 2
shows the basic configuration for
impedance measurement.

Pressure-drop measurements made
for a different pressure and gas type
can be easily related to results from
manual measurements by applying
Equation 2.

Where:

Δppmm is the corresponding pressure 
drop across the packing using 
the manual method

Δppaa is the corresponding pressure 
drop across the packing using 
the automated method

ppmm is the absolute pressure of the 
gas entering the tube using the 
manual method

Figure 2. Configuration to measure tube impedance.

Δppmm =
ppaa

Equation 2Δppaa •       •ppmm

ηηmm
ηηaa



Figure 7 (Page 5) provides a screen
capture of the touch-screen user
interface on the TurboMatrix 650
ATD, showing how impedance
limits can be applied. Note that in
the case of a bad tube, the damage 
is already done and the analysis, if
compromised, is unsalvageable. The
analysis might as well still go ahead
and the impedance result will indi-
cate whether that tube should be
used for further sampling.

In the case of a trap, the user would
want to protect valuable tube sam-
ples from being analyzed on a
system with a bad trap. To prevent
this from happening, the system can
stop immediately on detection of a
bad trap. 

Note that in the case of tubes, we
are calculating the effective pres-
sure drop across each tube, if it
were to be subjected to a flow rate
of 50 mL/min with the outlet at
ambient pressure. We should get the
same result for each tube on every
system, if we were to use the manual
method.

For the trap, we are monitoring
changes in pressure drop under
specific analytical conditions in
order to detect a non-viable trap.

Results of impedance
measurements

Figure 8 (Page 6) shows the imped-
ance results for 30 tubes of different
types classified by color. The results
look reasonably consistent. Note
that the technique is even sensitive
enough to tell the difference be-
tween an empty tube and one with
some loose glass-wool packing. 
One possible application for this
technology is to help confirm the
identity of a tube.

Figure 9 (Page 6) shows the preci-
sion in repeating the measurements
on the same 30 tubes. These are
excellent results considering the
very low pressure drops involved,
indicating the sensitivity of this
technique to subtle differences in
tube impedances. Note that for some
tubes no variation was seen in the
measurement.

Figure 10 (Page 6) tracks the imped-
ance of a single Air Toxics trap over
the course of 300 analyses. A very
slow decay in the impedance is
apparent, but is not really a concern
in this instance. Monitoring the trap
impedance over thousands of runs
will help to identify the point at
which the trap may have to be
replaced.

Figure 3. Tubes packed with Tenax TA with Nitrogen at 50 kPa and 50 mL/min.

Figure 4. Correlation of pressure drops measured at ambient pressure (manual method).
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Figure 5. Pressure drop with different gases.

Figure 6. Impedance-test results are reported on the Log page of the TurboMatrix 650 ATD.

Figure 7. Setting up impedance testing on the
TurboMatrix 650 ATD touch-screen user
interface.



Conclusions

The TurboMatrix 650 ATD provides
an automated method of character-
izing thermal-desorption tube and
trap impedances to check packing
integrity. Results correlate with
existing manual methods. 
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Figure 8. Impedance measurements from 30 tubes. Figure 9. Tube-impedance measurement precision from 30 tubes (n=8).

Figure 10. Repetitive runs on the same Air Toxics trap at 15 psig helium.

This technology should aid users 
in maintaining their tubes and traps
in optimum condition and improve
confidence in the analytical data
produced.

Tube and trap impedances may be
tested automatically against specified
limits or against their initial values,
and existing manual QC procedures
may be made more efficient.


