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1. Introduction

The impertance of information on particte
size has grown extracrdinarily during the
last decades. In parallel the instrumenta-
tion was developed, and therefore for-
merly existing limitations are not valid
anymore. This not only applies for the
availability of measurement data but also
for the handling of measuring equipment
and for controling and menitoring  of
processes.

Laser Diffraction (LD) has become the
standard technigue for particle size analy-
sis (PSA) within the last thirty years be-
cause of its speed, reliability, outstanding
reproducibility and applicable size range.

It is vision from long age that an auto-
matic measuring system should be avail-
able, which can be integrated into the
process-line and allows direct reaction on
the measured data. A decade ago, this
dream became true for some special ap-
plications in the field of particle technol-
ogy. A samplng device in a process
pipeline takas a sample and somehow
transports it out of the process area to
the measuring faciity. A subseguent au-
tormatic treatment (e.g. a robot) is used
and then a standard instrument mea-
sures it. Finally the sample is either re-
turned te the process or it is disposed off.
No standard has been astablished for fur-
ther processing cf the measured data,
but individual solutions have been found
to automatically control the process.

For large quantities of particulate matters
limitations arise because the capacity of
the automated sample spiitting is limited,
Processes with pneumatic transport of
the product request adapted sampling
procedures. A particle free reference
measurament, which is required for pre-
cise measurements, must be provided.
Restrictions come from toxic and haz-
ardous materials as well as from specific
reguests in pharmaceutical and food in-
dustries.

This situation has now remarkably im-
proved. First, of course, even the off-line
instrumentation has been automated.
New sample preparation, dosing and dis-
persing systems have been developed
and the handling of the system has be-
come much more comfortable. Espacially
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in particle size technology, either new
ways have been found to solve some of
the mentioned problems or devalop-
ments even prohibited the problems to
occur.

This article explains a new approach of
real in-line analysis in general and exam-
ines a special application at a chemical
plant. The production of a polymer addi-
tive has besn monitored for several
months and still is. Some results are pre-
sented and the performance of the mea-
surement assembly is shown.

Challenges of PSA in a Process
Environment

Particle size information is a measure for
the guality of processes. Vice versa, par-
licle size information can be used to con-
trol the process; ie. conclusions are
drawn fast and aim at immediate reaction
to keep the process in certain pre-da-
fined limits. If there is a tendency into sen-
sitive  values, appropriate  measures
against leaving the acceptable tolerances
can be taken. In fully automated systems
these steps are performed with a pro-
grammable logical control (PLC), no op-
erator action is necessary.

Several severe challenges have to be
faced in common production environ-
ments:

1. A sample has to be taken from a
pipeline with a throughput that is
much higher than the analytical de-
vice can deal with.

2. The sample has to be taken represen-
tatively to gain inforrnation about the
process and not just catching a num-
per. A continuous sampling is pre-
ferred against a "snapshot”.

3. The sample has to be treated in a
proper way. 't has 1o be dispersed, but
amodification of the sample, however,
must be avoided.

4. The analysis must lead to results that
can be checked and approved.

5. The material to be analysed can be ex-
tremely valuable. Hence keeping it in
the process line should be the most
favourable solution.

B. If the tube is not pressureless and/or
higher temperatures oceur the shon
fall of dew-point must be avoided.

/. The analysis should be fast and the re-
sults should be presentad in a way
that consequences can be taken im-
mediately. An automated closed loop
reaction might be possiole, as well,

itis obvious that a sampling device is ad-
vantageous, Hence this detail is not sur-
prising at the presentad solution. But all
the other requests are not fulfiled natu-
raity.

In our example we lock at a chemical
plant producing polymer additives. At the
end of the production line the polymer
additives are milled. To monitor the final
state of the product the PSA system is in-
stailed behind the mill. Nevertheless, con
clusions can also be drawn about the
production process and the product,
Hence the gained information can be
used to control the milling as well as the
production process.

TWISTER's Sampling Principle

A simple probe or even just an outlet is
often used to take a sample out of a
farger amount of material. This is only
representative if the medium carrying the
particles is of high viscosity and the mate-
ral is moving turbulantly. Otherwise a
segregation of different fractions of parti-
cles is percelved and the results of the
analysis are quite arbitrarily.

50 the challenge is to find a representa-
tive sampling device for in-line application
under process conditions.

At the plant mentioned a dry preduction
facility with an air jet mill is used. The con-
nected pipeline is pressurised and the
product is transported with the airflow.
Farticle measurement takes place in a po-
sition where the particles move vertically
downwards,

First idea could be tc take out the sample
from the pipe with a constantly rotating
sector. Thus a representative amount of
sample out of the main stream, which has
fallen into the sector elerment, is continu-
ously available for analysis or further treat-
ment.

Fig. 11 Sampling waith a rotating circle segment
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Experiences with this principle have been
gained with the ROPRON sample cou-
pler, a former development of Sympatec.
The angel of the sector element o deter-
mines the share of the throughput of the
pipeline that is separated. In many cases,
however, the amount of sample is too
kig, so additicnal sample splitting steps
are necessary.

Cnly scanning of the whole cross sec-
tion of the pipe secures representative
sampling. Hence the rotating sector ele-
ment can be replaced by a small moving
hole.

The new idea is to drive a small opening
over the complete cross section of the
pipe. If the sampling is isokinetic i.e. the
speed of volume entering the opening is
identical to the transportation speed in-
side the main pigeline, after completion of
the whole cross section a reprasentative
sample has been taken.

&\

Fig. Z: Sampling with anin-line tubs

As a side effect a necessary adaptation to
varying amounts of sample in the partial
stream can simply be realised by chang-
ing the diameter of the inlet of the sam-
pling pipe.

As consequence of the sampling pipe

scanning the cross section other ques-
tions arise:

1, Which is the best way to move the
sampling pipe?

2. Along which way should this be done?

3. How to mount the sampling pipein the
process pipeline?

With the design of TWISTER a spiral
moverment of the sampling pipe was re-
alised starting at the wall of the main
pipeling,

The solution that was finally realised is
passsing the centre of the process pipe-

parking position

Fig. 3: Proper scanning with spiral way

line and ends at the wall of the pipe. The
final point is a shield that covers the in-
let and prevents it from continuing col-
lecting particles when in the parking
position and so offers the possibility
of a particle free reference measure-
ment,

A npatural consequence of the spiral
movement is of course that the sampling
pipe is installed in the centre of the
process pipe. This alsc reduces wear of
the sampling device.

As the origin of the sampling pipe is fixed,
it is directed from this origin and the pro-
jection area changes. The larger the angle
is the smaller is the effective inlet area.

A compensation of this effect is achieved
by adaptation of the speed of moverment.
The larger the angie is, the smaller is the
sample inlet area and the slower the
movement has to be.

Fig. 5: Detection of a stable process shown in selscted results of particle size measurament

Fig. 4: Sample mlat projection

These measures together with isckinatic
sample inlet ensure real representative
sampling with the TWISTER.

TWISTER Design

For installation of TWISTER in the centre of
a process pipeline only a single flange is
necessary. The moving masses are very
small. Therefore the necessary power is
small, 1oc. The drive unit is located outside
the process pipeline at the mounting
flange.

The only moving part, the sampling pipe,
is protected without gaskets but with bel-
lows, this allowing for operation in haz-
ardcus areas. A shield that reduces wear
tc a minimum covers the cuter bellow.

A shislded parking position allows parti-
cle free reference measurements and fur-
ther reduces the wear within the measur-
ing system, as there are only particles in it
while sampling.

Furthermore this simple and straightfor-
ward construction allows some modifi-
cations according to different require-
ments:

1. Itis possible to adapt TWISTER to dif-
ferent diameters of pipes by simply
shortening or elongating the length of
the sampling pipe.
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2. Adaptation to different throughput is
achieved by modifying the size of the
sample inlet.

3. For abrasive or reactive materials the
few and simple parts in contact with
the product can be manufactured of
virtually any material, e.g. hardened
steel or ceramics.

The positioning of the sampling pipe in
the middle of the process pipeline
brought up the idea of having the
analyser at the same location. Although
an outlet can also be realised, the instal-
fation of the complete system in-line has
advantages.

First of all, the pressure in the process
pipeline does not have to be compen-
sated. The dispersion medium is the only
flow that enters and leaves the process -
besides the demanded measuring re-
sults.

A second advantage is the avoidance of
detours in the sample flow. In fact, the
sample is moving almost straight ferward
inside the measuring system. Hence sed-
imentation is impossible and wear usually
occurring at farge angle elbows is ex-
cluded.

Assembly of MYTOS

MYTOS is a combination of a dry dispers-
ing device with a laser diffraction sensor
following on the TWISTER in the in-line
system.

it is mainly build from parts and elements,
which are identical to those used in off-
line particle size analysers. The dispersing
unit is well-estaiblished in the RODOS dry
dispersing system and the optics is of the
same type as in the standard HELOS
laser diffraction spectrometer. These
parts have proven 1o be very performing
and of unrivaled long time stability and,
with small adaptations, fit perfectly for the
new task.

The RODOS injector is long and thin and
can be installed parallei to the centreline
of the pipe. Fortunately, the dispersing in-
lector supplies the vacuum needed for
the tsokinetic sampling anyway. The con-

Fig. 7: Detection of product change

mill

Fig. 6: MYTOS & TWISTER set up
downstream the milf

trol of the vacuum is coupled to the pres-
sure inside the process pigeline. The
guality of the dry dispersing system
RCDOS with excellent dispersicn and re-
producibilty dewn to submicron range
and a high lifetime is proven.

Of course, in a suitable installation there
is no room for the HELCS cabinet. As
the sample deces not go to the optics,
the necessary beam expansion unit and
the Fourier optics got new housings and
go to the sample into the process pipe-
line.

The dispersed aerosol enters the mea-
suring zone with a sheath flow used for
focussing the aerosol and avoiding the
optical system to get in contact with par-
ficies.

As light source a Helium-Neon laser is
used. The peam expansion unit con-
nacted to it via fibre optic light transmis-
sion and the detector are mounted to the

process pipe with bayonet fastenings to
simplify serviceabillity. Identical elements
to off-line HELOS systems are applied.

A demonstration installation similar to the
ona in the chemical plant is shown on the
photo {Fig. 8). The transparent pipe is
chosen to enable the view on the assem-
bly. Only one detall is different in compar-
ison to the installed TWISTER & MYTOS:
Behind the measuring zore a pneumatic
valve is installed, that allows the complete
separation of the inside of the measuring
system from the product flow.

As the beam expansion unit and the de-
tector are mounted inside of pipes within
outer pipes, with the sampling pipe in
parking positicn and after closing the
valve it is a simpie cperation to take them
out and clean them, or the protection
windows, respectively. In the same way
the complete service of the unit is possi-
ble without any side effect on the pro-
duction process. In fact, the installation
can be operated as a bypass - inside the
process pipe.

The shield that covers the sample inlet in
the parking position can include an inlet
for air or whatever transport medium is
used in the process. Therefore, also the
possipility of cleaning, rinsing and parti-
cle free reference measurements is pro-
vided.

Experiments have shown that results ob-
tained with the new in-line system are ai-
most identical to off-line measurements,
Considering the origin of the main parts
this is no surprise. On the other hand, it
shows that the system achieves the
same high and unsivaled guality of mea-
surement results as the Sympatec
HELOS off-line system. And, most impor-
tant of all, this fact shows that the sam-
pling is really representative.

The apparatus is not sensitive to optical
concentration. The range is from about
0.1% to about 50%, and, depending on
the material, even higher. Expariments on
this show that the results are very stable
regardiess to the sample amount and the
optical concentrations exceeding a cer-
tain minimum.
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Fig. 8 MYTOS & TWISTER installed in a model pipe

The operational software WINDOX is well
approved and extremely easy to use. It
includes a variety of analysing tools like
statistics, a trend analysis feature and
graphical representation possibilities. Al-
though the analysis of the data is remark-
ably powerful, the handling for the opera-
tor is very simpie.

WINDCX is running on a standard per-
sonal  computer under Windows™
95/98/NT 4.0 user interface. The su-
perior database features allow remote
control via network or serial interface
as well as measuring and exploring re-
sults at different locations with ingtant
update of graphics and reports network-
wide.

The user can define content and design
of the deskiop individually according to

Fig. 9: A ful day process monitoring

the requirements of the application. This
includes graphs, trends, tables, and limit
values.

If there is only a set of products, the op-
erator just selects the actual product out
of a list. Otherwise the name of the
product is entered, All the other para-
meters like pressure needed for isoki-
netic sampling or measuring time set-
tings are either fixed once or selected
automatically.

In the presented example only the pro-
duction process is changing. For the PSA
this means, only the product name and
the process conditions (e.g. pressure) are
differing.

Trend analysis, for instance, shows user-
selected values over the time. This
means, every value of interest can be
monitcred, the share of product exceed-
ing a certain size as well as the pressure
inside the pipe.

Industrial Installation

The here reported industrial installation
took place at a chemical plant producing
polymer additives. The batches are
changed every few days, so - besides the
standard guality monitoring - any time the
product changes, the process has to be
adjusted.

One decisive criterion is the particle size.
Therefore the in-line PSA is a perfect
match for controling the quality of the
process. Different approaches had beean
checked. The soluticn presented here
was chosen because it matched the ne-
cessity of sampling and the process con-
ditions perfectly.

After the actual production step the
product is milled in an air jet mill. The
pressure of the milling process is used
to transport the product within a DN150
pipeline (150 mm D). The in-line system
has been installed directly downstream
the mill.

The flow is rather tuributent, but it is very
typical for dry particle size measurement
in-line that results strongly depend on

the position of the sampling inlet inside
the process pipeline anyway. Therefore,
scanning of the whole cross section of
the pipe is absolutely necessary to get
informaticn about the real particle size
distribution,

Although particles up to 875 um can be
measured, the installed measuring range
is R3, ie. up to 175 um. Generally,
changing of the measuring range is pos-
sible as only an optical module has to be
replaced.

As the amount of each product batch is
relatively large and the products are quite
special and therefore also quite expen-
sive, the in-line control with the very short
response time Is of high economic value.
Although it is very difficult to give detailed
figures about the money saved, the in-
stallation is amortised within a few
months.

Experience has shown that cleaning of
the protection windows in the MYTOS
was not necessary within three menths.
The flow focussing device obwvicusly does
a great job to prevent the optics to get in
contact with particles.

As an option the system is made of stain-
less steel and the whole equipment is
manufactured according to GMP stan-
dards.

The measuring results are collected by a
control-box at the production site. The
process control is located in a room not
to close to the mill.

The conirol personnel evaluate the data
on a computer connected to the control
box by a fibre optical link. If more than
500 m, fibre optical repeaters can extend
the distance to several kilometres.

An operator reacts on changes in the re-
sults. The information, however, neces-
sary for automatic control in terms of dig-
ital and analogue output is provided with
the help of PLC connected to the PC.
Thus fully automatic control is prepared
and can be established with little effort.
The idea of closing the gap is now be-
coming reality.
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Measurement Results

The system measures the particle size
distribution every five minutes. Fxceptions
within the first weeks were scme periods
when the procass was interrupted. The
results show the following:

1. The measurement is very reliable.
Due to experience when the process
runs stable the results reflect this
perfectly. E.g. over a period of two
hours there is almost no change in
the values (Fig. 5).

2. The measurement is sensitive and
the resuits perfectly correspond to
the real situation: When changing the
product the optical concentration
decreases rapidly. The mil runs
empty and the particle size oscillates
because of remains In the process.
Some random results appear and
then the next production process is
quickly adjusted using the resuits of
the PSA. The oscillation at the begin-
ning indicates the ringing of the pres-
sure regulator of the mill (proved by
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manual variation of the pressure). Fig. 10:

After starting with the new product TWISTER  in-line

the data stabilises again (Fig. 7). installation  with
MYTOS on-line

3. Although the optical concentration
changes between different products,
the results are very reasonable. A
lower optical concentration is due to
a coarser product. The measuring
principle is performing well over a
wide range, shown in extended off-
line experiments.

4, Operation of the system is as easy as
can be, The usual operation is with-
out any user interference. Only when
changing the product the MYTOS &
TWISTER is stopped by pushing a
button and the new product name is
entered.

5. Ag the operational software is Win-
dows™ based even inexperienced
computer users handle the measure-
ment control and evaluation easily
and intuitively. Additionally the sys-
tem can be controlled remotely aiso
via serial interface or network which

Fig. 11: Batch-monitoring over thres days

enables remote control over long dis-
tances.

. Particle size information in formerly

unknown quantity and guality is pro-
vided. A resolution of one measurs-
ment per five minutes gives a good
idea of the process, especially if only
sensitive values are under supervi-
sicn. Higher resolution of one mea-
surement per minute is chosen dur-
ing the adjustment phase of a new
product. Even small changes in the
production process are reafised im-
mediately. The operator can react
without delay.

. Data of long term trial, i.e. more than

5000 measurements can be handled
easily. They require less than thirty
megabytes on a computer harddisk.
Today's harddisks of several Giga-

bytes allow for the storage of data of
several years.

. The database allows detailed super-

vision of the monitored process. A
more detailed analysis conceming
other values is always possible
thanks to the database support of
the operating software. Especially
the possibilities of investigating or fol-
lowing trends in arbitrary values are
powerful features of the employed
WINDOX software. Diagrams of any
two parameters 8.9. x5 vs. cplical
concentration allow for sophisticated
analyses of the process behaviour.

. Quality management is improved re-

markably not cnly as far as particle
size is concerned. Because the parti-
cle size distribution is a decisive cri-
terion for the quality of the process
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the information gained is used
to improve at the same time
the quality of the process and
of the product,

W wima v

10, The system runs with virtually
no service. During the period
presented in this trial several
different polymeric additives
were produced and the results
stayed reproducible from the
first to the 5000th measure-
ment. Cleaning was not neces-
sary even after this long time.
Remote servicing by Sympatec
via an arbitrary network con-
nection is possible and avoids
traveling costs. Today the sys-
tem has run for more than six
months  continuously  without
service and with only one clean-
ing of the optical components.

1
.

Vil 6 1o R

Fig. 12: TWISTER i parking position

Conclusion

The in-line measurement system fulfills all
expectations. It is reliable, easy to handle
and the features provided for analysis are
powerful. As no service was needed and
the measurements are performed auto-
matically, interaction with the system only
happens when the system is requested
1o stop or something has to be changed
according to the measurement condi-
tions. In general this is only the case
when the product changes - and even
this can be automated easily.

Of course, the importance of the par-
ticle size as a property of the product
has been clear before. But especially
with the representative sampling the
knowledge about the process and the
possility of real time analysis and of im-
mediate intervention are very much ap-
preciated.

Due to the changing products the time of
adjustment is crucial for the performance
of the production. So the TWISTER &
MYTOS system not only increases the
product quality by improving the overall
performance of the production process
but also reduces waste and saves money
and production time.

Fig. 13 Production-scan over ten days

Whether the applicaticn of such a high-
performance system is really econocmical
can be calculated considering aspects of
saved time, saved cost and increased
throughput. Generally the more sensitive
the particle size distribution reflects the
quality of the product and the higher the
mass or the value of the ingredients or of
the final product the more money can be
saved.

The most outstanding feature of the
TWISTER & MYTOS particle size ana-
lysis is the excellent system-to-system
comparability to other TWISTER &
MYTOS as well as to off-line HELOS &
RODOS. Reasons are the representative
sampling in combination with repro-
ducible in-line dispersion and the supe-
rior technological properties of the com-
piete system.

In other words: The measuring result is
really the particle size distribution and
not just a number. Hence, in case of
changing the process, confirmation of
results in the taboratory and comparabil-
ity to other production facilities increase
the menticned advantages of TWISTER
& MYTOS for the process itself and point

out that it is really unrivaled as a
dry particle size analysis in-line
systemn,

Summary

Sympatec GmbH as a supplier of
particle size analysis equipment
has been strongly involved in the
process of developing new solu-
ticns. Laser diffraction spectrome
ter HELOS and dry dispersing in-
strument RODOS are accepted as
most reliable dry particle size analy-
sis system. Although the measur-
ing principle with Fraunhofer Laser
Diffraction  has remained un-
changed for the company's fifteen
years history, Sympatec managed
to establish not only dry dispersion
for dry products but also sup-
ported the idea of on- and in-line
PSA with sampling and measuring
equipment.

During the 'ast vears several on-line and
in-line attempts have been made of
which the Sympatec MYTOS & TWISTER
is the latest. This new in-line system
combines for the first time representative
sampling, effective dry dispersion and
particle size analysis by means of LD in a
single device integrated in a pipe of the
production process. Additionally as a sa-
lution for undiluted measurement of high
concentrated  suspensions and  emul-
sions the ultrasonic extinction system
OPUS can be applied.

Operation of the measuring system is very
easy. The WINDOX operating software of -
fers unique analysis possibilities, remote
systern control and intuitive handling.

The results obtained with the new in-line
systemn are identical to the off-line HELOS
& RODOS analysers. In-line particle size
analysis reduces remarkably the effort of
sample handling especially with toxic
materials or in hazardous areas {Ex-(p) op-
ticnal). Direct control of the process is re-
alised in combination with a standard pro-
grammable logical control-system (PLG).
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