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PROCESS TOMOGRAPHY

= Peter Varey, ot hehalf of Industrial Tomograplne Svstenn

Pressure filtration can be a very Slow DUSINESS.
Separation of solid and liquid can take a long time
and you simply cannot see what is going on, or whal
to do to speed things up. Now there is a possible
solution to this problem: process tomography.

s new technology and one ol the pioneers.

Industrial Tomography Systems (ITS)  a “spin-

ol of Manchester University Institute ol Science
and Technology (UMIST) s half-way through a
four-vear Government-funded LINK project seek-
ing 1o prove that it works at commercial scale.
Whereas most pressure filters do not have even rudi-
mentary instrumentation to help vou. tomography
actually allows vou to see what 15 going on inside the
filter cake. And once vou know. vou can make
changes. watch the effect they are having and
improve filtration performance substantially.

Process tomography is the process industry

equivalent of whole body scanning in medical
imaging. An array ol electrodes  typically 8 to 24
are placed on a mesh at the base of the filter cloth. In
other applications the electrodes may be placed
around the inner circumference ol a process vessel.
i.c a reaction vessel. or a pipe. The idea in all cases is
to get electrodes in contact with the fTuid but not dis-
turb the fTow pattern. With reactors or pipework you
can place electrodes on the inside surfaces: when
using pressure filters vou have to be careful about the
integrity of the filter when placing electrical leads. so
the sensor array is placed across the bed.
How tomography works
When a current flows between a pair of clectrodes on
the filter cloth. the resultant voltage dilference
between remaining clectrode pairs can be measured
according to a pre-defined measurement protocol.
Then apply current through the next pair of elee-
trodes and repeat the voltage measurements, The
procedure continues until all necessary measure-
nients have been made. This protocol interrogates an
entire slice through the measurcment zone. I n s
the number of electrodes. the protocol yields

mproving pressure filter
oerformance

maximum of n2 measurements. But of these oni
n(n-1)/2 are independent. Furthermore. 10 avoid
electrode/electrolyte contact impedance problems.
the voltage is not measured at an clectrode where
current is injected and so the total number ol inde-
pendent measurements is reduced o n(n-3)/2. For
instance. a To-clectrode sensor gives 104 independent
measurements. This is enough to achieve a real-time
picture of the resistance ol the process Tuid m that
plane of the vessel.

Typically I'TS equipment can take 100 readings in
25 milliseconds. A Nltration process can take more
than 24 hours. so these measurements can provide i
picture ol the process as it moves [rom stage 1o stage.
including washing and dryving. You can see where the
lilter cake 1s uneven and. most signilicantly. when a
filtration end point has been reached (Figure 1),

Tomography vs level data
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Figure 1. Tomography-assisted filtration: This graph of bed
level against time shows bed height during filtration plus
several washes (blue line) and indicates when liguid con-
tent has dropped to almost zero (green line, tomography)

The sume technology lets you watch the cake being
washed, rinsed and dried. During all this. the integri-
ty ol the product is of primary importance. In the
ITS trials electrochemistry experts Irom Glasgow
Caledonian University have been ensuring just that.

With other vessels and pipes. a 3-D representa-
tion ol what is going on inside is possible. You place
similar arrays ol electrodes on a series of planes
along the length of the whole vessel and an image
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reconstruction algorithm reveals the flow pattern
throughout the whole vessel.

Electrical considerations
In o pressure filter, clectrodes are arranged on the fl-
ter mat but in other vessels they are arranged al
equal intervals around the boundary of a circular
vessel or as a vertical series. A co-axial cable connects
the clectrodes to the data acquisition system. This
helps reduce the impact of outside environmental
noisefinterference. To reduce noise further. the outer
sheath of the co-axial cable is coupled to the leed-
back path of a voltage buffer while the inner core 1s
capacitively coupled to the voltage bufler input.
What are the electrodes made of”? 1t depends
Jargely on the process application. I they are more
being imaged. it prevents
Typically the

conductive than the Muids
due to contact impedance.
material 18 stainless  steel,

problems
clectrode
sitver/palladium alloy. Electrode dimensions
function of the vesscl diameter, range of conductivi-
and velocity of materials. A spare
“around clectrode” and

brass or

are d

ty to be measured
clectrode - known as the
placed away from the measurement clectrodes, but in
electrical contact with the internal (uid
that all voltage measurements are fixed against

cnsures

common ground source.

In this application Lo commercial pressure filtra-
tion. the size of process vessel and media being used
(0 the engineering challenges. In the trial
filter was particu-

contribute
that yielded
Jarly large and
the fact that the process liquor included

Figure 1. the pressure
the selection of materials limited by
acelic acid.

Collecting the data

The challenge to the data
track small changes in real time quickly and accu-
rately. An image reconstruction algorithm can then
provide an accurale measurement of the true con-
ductivity distribution. [n the ITS system. a sine-wave
a voltage-to-current con-

acquisition system is 1o

voltage output is fed into
verter (referred to as @ w‘-ilugc-cnmrollui current

source. or VCCS). Current is used in preference 1O

voltage as clectrical probe because of the variation of

contact impedance between clectrodes and the fluid
inside the sensor.
The VCCS maintains

1 wide range of resistance loads by employing two

a4 constant amplitude over
operational amplifiers and an analoguc switch
arrangement in the feedback path of onc of them.
To accommodate & wide range of material conduc-
Livities and to improve the accuracy when following
slowly changing processcs. @ ranpe of injected cur-
rent frequencies 18 used. typically within the range 75
(o 154 kHz in 12 steps.

Besides taking account of the chemically aggres-

AR

sive nature of the process media. the instrumentation
that is. certified for
The basis of the
tomography is the injec-

must also be intrinsically safe
use in an explosive atmosphere.
instrumentation for process
tion of clectrical current into the process vessel and
the creation of sparks is deemed to be an unaccept-
able hazard. In practice. the instrumentation 1s
rendered intrinsically safe by using an array ol zener
diode barriers between the sensors and the measur-
ing instruments in order to prevent surges ol high

energy [rom reaching the process.

Constructing the image
Once data has been acquired from the boundary of
the object to be imaged. an appropriate image recon-
struction algorithm is applied to the processed data.
The reconstructed image contains information on
the cross-sectional distribution of the conductivity
of the contents within {he measurement planc.

The choice of image reconstruction algorithm is
4 tradc-ofT between accuracy of image and ume
required for reconstruction. Fast image reconstrue-
tion algorithms that can be used for the real time

imaging of fust MOVIng Processes are much
demand. As a result. a large number of both non-
iterative and iterative algorithms are available for
electrical tomography. In the example case. ©
specialised algorithm was developed  that would
summarise local information on the filter cake. pro-
viding information on local dryness.

The results in Figure 1 come from u project
carried out in one of several pressure filters belong-
ing to bio-processing company Syngenta. The trials

were assisted by ITS and UMIST.

Counting the benefits

Pressure filtration is a poorly understood process.
but the trials have identified a number of benefits:
opportunities 10 improve vield and quahty

reduction in use of raw materials like wash solvent

@

o saler operation due 1o less need for sampling
o reduced capital cost because optimising allows

use of o smaller pressure filter

The LINK project has reached a point where addi-
tional UK-based demonstration sites are being
assessed. The rescarch group intends to invite @
ph:u‘lmu.‘culicul company 1o test the technology on
one of its pressure filters: support is available from
DTI1 and EPSRC. Rosenmund will provide support
in instrumenting the filter. ITS will provide tomogri-
phy input and detailed technical
from UMIST and Glasgow Caledonian University. =

advice is available

Industrial Tomography Solutions (vavwiloms com) was ¢
UMIST in 1997 to develop process tormography commercially.



