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The benefits of a direct measurement 
of dryness in a dryer are well known, 
including improved plant usage and 
improved product quality. Spectroscopic 
techniques allow such measurements 
to be made—but significant engineering 
trials and development may be required 
to ensure that representative spectra can 
be reliably collected in a dryer. This arti-
cle describes the evolution of a sampler 
for near infrared (NIR) drying monitoring 
in pressure filter dryers—from concept to 
final industrialised installation.

NIR spectroscopy for monitoring drying 
and detecting the end of drying is quite 
well established within the pharmaceuti-
cal industry. Many models and calibrations 
have been successfully built, both in labo-
ratory environments and on secondary 
manufacturing plant. Spectra have been 
collected in situ in a variety of different 
types of dryers. Monitoring drying allows 
process optimisation, enabling plant 
capacity increases and cycle time reduc-
tions. In situ monitoring brings additional 
benefits of minimising or eliminating the 
requirement for sampling, again reducing 
cycle times, analytical effort and reduc-
ing exposure of operators to products. 
Using NIR to determine the actual mois-
ture/solvent content in the product rather 
than using secondary measurements, e.g. 
exit gas temperature or exit gas analysis 
to infer the moisture/solvent content, is 
seen as a further significant advantage. 
The spectroscopic measurement will not 
be affected by operating conditions, or 
require all other drying processing param-
eters to be controlled within a range to 
ensure a meaningful result.

Although many successes have been 
reported, many problems still exist for 

drying applications. The problems are 
not in the spectroscopy, chemometrics 
or interpretation of the spectral data, but 
in the ability to collect spectra. As for all 
samples, spectra need to be representa-
tive of the rest of the batch within the 
dryer—and the persons responsible for 
the analytical method need to be confi-
dent of this.

Common problems associated with 
collecting representative spectra include: 
fouling of the probe or window (the 
sampler sees the same sample every 
time); contamination of the window 
(the spectrum collected is affected by 
the previous sample); positioning of the 
window (is the sampler in a position 
where a representative sample cannot 
be presented). Added to this are engi-
neering and operational constraints—can 
the sampler be easily cleaned, removed, 
maintained; are the materials of construc-
tion compatible with the product and 
process, is the sampler suitable for the 
process temperatures and pressures, is 
the sampler robust—will it continue oper-
ating, taking good samples for the dura-
tion of the manufacturing campaign, does 
the sampler meet all containment require-
ments—does it expose the operator to any 
product or the product to the operator?

Direct optical sampling of the contents 
of pressure filter dryers is not easy to 
achieve. Pressure filter dryers are essen-
tially a flat bottomed pan (see Figure 1)—
the bottom being a filter cloth and the 
contents of the pan being agitated and 
discharged using an agitator. The agita-
tor almost scrapes the sides of the pan 
but not quite—a gap of 3 mm to 10 mm 
may be present to ensure the blades do 
not hit the walls. The agitator can also 

move up and down to work the filter 
cake—but will be prevented from going 
all the way down to avoid damage to the 
filter cloth. Depending on drying opera-
tion, an un-agitated cake can shrink and 
crust—window or probes flush with sides 
will not always be of any use.

In conjunction with Clairet Scientific 
and ABB Bomem, AstraZeneca devel-
oped the concept of a retractable NIR 
probe. The main requirement was to get 
the optics inside the cake, the retrac-
tor mechanism allowing the probe to 
be withdrawn when the agitator is in 
operation. The operation of the retractor 
mechanism hence required interlocks to 
protect the equipment. The opportunity 
was taken to incorporate a temperature 
element into the probe. Another conse-
quence of using a retractor was that 
representative samples/spectra would 
not be available at all times during the 
drying process.

It was necessary to ensure that the 
optics could be cleaned during operation, 
and that operation of the retractor would 
maximise the chances of collecting a 
representative spectrum. This led to the 
concept of a side view window; avoid-
ing the potential of seeing a compressed 
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Figure 1. Configuration of a pressure filter 
dryer.
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sample, minimising the chances of drying 
product onto the window and allowing 
cleaning of the window. The side view 
window would be scraped clean every 
operation by process seals. This resulted 
in a probe diameter of 1.25″ to accom-
modate 90° bends in fibres (see Figure 
2). Factory tests were carried out in a 
dummy vessel to test that a 1.25″ diam-
eter, flat faced rod (to avoid leaving a 
cavity when retracted) could be pushed 
into a (crusted) mass of white powder.

An initial prototype was developed 
and installed—using an ABB Bomem 
NetworkIR and FTSW100 software, for 
further development and testing on a 
pilot plant in AstraZeneca (see Figure 3).

On plant, the probe failed to penetrate 
some crusted cakes, but no problems 
were encountered once the cake had 
been agitated. Spectra and associated 
product samples were collected following 

different sampling regimes (with/without 
agitation, different agitation times, with 
repeated insertion of probe, with the 
probe left in for a period of time etc.) in 
order to establish the best technique to 
obtain spectra. Results (Figure 4) demon-
strated that spectra collected from a 
single insertion into a homogenised cake 
yielded the most representative spectra. 
Spectra collected under this regime are 
shown in Figure 4(b), and were success-
fully used to build a model to predict 
product dryness in the filter.

Repeated retractor operations in and 
out of an abrasive product were carried 
out to investigate any impact on the 
integrity of the seals. 100 plus opera-
tions were carried out and no damage to 
the seals observed. After operation, the 
probe was dismantled and inspected to 
identify any ingress of product into the 
device; the conclusion was that a wash 
chamber into which the window could 
be retracted would be beneficial, but only 
necessary for cleaning before removal for 
manual cleaning.

It was concluded from investigative 
work on the prototype system that repre-
sentative spectra could be collected. 
Engineering learning was integrated into 
the design of an improved retractor—
incorporating a wash chamber, better 
alignment and spring return etc. (Figure 
5). Local plant controls were built in to 
allow simplified operation (Figure 6).

This system is now operational, and 
confidence in the quality of the spectral 
data collected is high. This has allowed 
ongoing investment in time and resource 
to collect and analyse the data, leading to 
potential improved drying processes for 
products in development. Support from 

Clairet Scientific in extracting the maxi-
mum amount of information (from a 
small number of point measurements on 
a small number of development batches) 
has been invaluable, especially whilst 
establishing the validity of the spectral 
data. Further systems incorporating addi-
tional engineering learning continue to be 
installed. This development has required 
a significant amount of engineering effort 
and investment—more than for the actual 
spectroscopy! But NIR spectroscopy for 
drying monitoring in AstraZeneca pres-
sure filter dryers has been enabled.

Future developments to the technol-
ogy might include: using the spectral 
information to optimise stirring perfor-
mance and investigating crystal form and 
crystal particle size.
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Figure 2. Schematic of probe showing side 
view window.

Figure 3. Prototype probe.

Figure 4 (a)

Figure 5. Probe and retractor mounted on 
pressure filter dryer.

Figure 6. Probe and retractor local controls.

Figure 4 (b)


