- 1 - Means for detecting |um nescent and/or |ight-scattering
particles in flowng liquids The invention relates to a probe and a
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production process. 20 There was therefore a demand for a neans,

whi ch can detect all |um nescent particles occurring in any given
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an apph? at (ieredes g eeludan thg)uglt atf'tlter Hinagpit the diftered particlgs prg gssgssed by means of an
dept h-1i m ted JiffilS&opei N Which the particles travelling past the
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means of a canera. In this apparatus, uniformillum nation

These methods are obviously complex and do not allow online control during the production

Process.

20
There was therefore a demand for a means, which can detect all luminescent particles occurring in
any given measurement volume in real time reliably and accurately in a liquid which is flowing in a
pipeline for example from a production plant. At the same time, the design of the apparatus should
be simple and robust, and be able to withstand in particular temperatures of up to 400°C at a

25  pressure of 40 bar.

Document WO 2006/136147 A2 describes an apparatus for detecting scatter-light particles using a
depth-limited diffuser, in which the particles travelling past the apparatus in an optically limited
measurement volume are detected by means of a camera. In this apparatus, uniform illumination
30  without light convergence or divergence is achieved in the measurement volume, the measurement
volume being narrowly limited in the depth by means of a depth-limited diffuser, such that only the
particles flowing within this volume can be seen. Arranged orthogonal to the diffuser is a video
camera, via the resolution of which only the two dimensions of that surface of the measurement
volume which is aligned orthogonally to the video camera are described. Both particle counting
35  and particle identification are possible owing to rapid, highly resolving image detection and storage
with the aid of evaluation software. Here, it must be ensured between two images that 100% of the

measurement volume is exchanged. Recording of the particles for a longer detection time is



.30 without |ight convergence or divergence is achieved in the

measur enent vol une, the nmeasurenment volune being narrowy limted in
the depth by nmeans of a depth-limted di ffuser, such that only the
particles flowing within this volune can, be seen. Arranged orthogonal
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Document US 6,309,886 B1 discloses a probe for detecting fluorescent particles in flowing liquids.
30  Inthe probe, a liquid is transported through the entire diameter of a channel, the liquid is exposed
to illumination using a light source such that a light plane perpendicular to the liquid stream with a
defined depth of focus, 1.e. a light volume, is produced. The fluorescent particles flowing past in
the light volume are excited by the light beam and their emission light is registered by means of a
CCD camera with predefined exposure time over a predetermined integration time. The integration
35  time can be greater than the transit time or be matched to the transit time in order to improve the
sensitivity of detection and the particle resolution. The liquid is removed by way of an outflow

channel. In this apparatus, no particular care has been taken that each particle moves linearly within



30 In the probe, a liquid is transported through the entire dianeter
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continuously, while they continue to move in the flowing liquid.

In a further embodiment of the present invention, the detector records, over the integration time, a
35  series of images which are added up over this time. The particle tracking over the series of images

requires a camera which is more sensitive to light so that a particle is detected, but is considerably



.In a further enbodi nent of the present invention, the detector

records, over the integration tinme, a 35serjes of inages which are
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case of a probe with prismw ndow. In addition, the nethod has the
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has a nmeasurenent cell conprising the follow ng el enents: a pipeline
channel through which the liquid to be neasured flows, at |east one
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e tos, t HEBOGHEHRE PRAHADM, TOHEE Fatin el frobi i AHE Y ghen Selerarisig te
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vol une, ast, on det«?1 1 ch records,. through the w ndow

at .| ct.qr,,
or through~a ?HP“E?WEF}]W dyRrehayhigh the, fobF DepEFASIONSn from t he
| uni nescent  antkashe enapryntfuieitwtine wail ghthe spalideer i ng 20particles, an

elenent _for controlling. the iptegration Line, ich serves for | .
oot g F netdtdRont Mk Sfe B SRS B dimiiontds Bt et prhy iegrcies,

and al so for tshguthatwindvwamit laaieic@ht 4nd ghealpht-slafgingtiaARlct ie pWeEieihAnnel
the integration time is th %\I‘/\Yr@ a particle takes to flow through the
light vol ume 3¢"CH ap)flfﬁlﬂ’ttedﬁf YB%ed, 25wherein the nmeasurenent cell

i s confi guredatslesh ohhatktetthe wlithe RgbnetiraXe ithatxidw bgHrodpBaimiaiher titRlow,

orhi e, LOh o SoBLEDt sk opeh Whlpbich oL perpend gl ok Vg, 02l
paral | 20 to tfetididsgui d stream and the liquid streamflows at a fixed
angle to t I:le eglxe cj:ntle?i% -o? Qodtrioﬁﬂltg’the integration time, which serves for inputting the size of a sample
volume and for inputting a flow speed and also for calculating and controlling an integration
time, wherein the integration time is the time a particle takes to flow through the light volume
at the input flow speed,
25  wherein the measurement cell is configured such that the dimensioned excitation light beam and
the emitted light are orientated such that they are perpendicular to each other,
wherein each particle moves within the measurement volume parallel to the liquid stream, and the
liquid stream flows at a fixed angle to the excitation light,
wherein the liquid stream, the detector and the light source are situated in one plane and,
30  wherein the detector has an interface with the element for controlling the integration time, so that
the detector records the light emitted by the luminescent particles over the time a particle takes to

flow through the light volume at the input flow speed.

The fixed angle of the particle stream to the excitation light is preferably within the range of 45 to
35 135 degrees.
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per pendi Cutﬂ(ew%@,' HOLAR ﬁBelQlfe dhaliftek Hsgtjgéorci;e(a%(%?e detector. The particular advantage here is
that owing to the image recording of a small section (measurement volume) of a pipeline over time
the entire content in a pipeline can be covered. If necessary, the geometry of the excitation light

30 beam is arranged with the aid of cylindrical lenses or waveguide cross-section converters.

Typically, the perpendicular orientation of the dimensioned excitation light beam to the light
emitted by the luminescent particles is ensured by a perpendicular orientation of the light source
and of the detector with respect to each other. Alternatively, the necessary orientation of the

35  respective light beams to each other can be achieved by means of prisms and mirrors.
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det ector; a cused .o

t hi ckness & ?i%ﬁljaéﬁ%hi IQIQB]'S el%‘édu%ﬁ a%lﬁ\)é%'g}él % hé t11 }% olume 1?%} chsil‘gvme as great
measur enents thsl dsm@ -tfdoqys ecgliay oft thaldet’ccher, depaxhrtamrbn ﬂlgb:tus:amelg itgpically Heused on a
partiches ui.renent

ner el yllgne%g gsg g?@% tﬁ@%@éﬁ%{% ao}sqﬁnrléorr‘geh %%asg Tou b""?)“n %S egater
suf fi ci ent Ithangheedepthf difoqe Irdgaay thtrg)aaslermmrnol lmwat ma&umdssactilyelf tlﬁ(}&mment is
t he angl e i Luenc ctl n of th

stream i n Aoy FrebB8udRfe il ME Sk IRe i SRR ol e Bl oot o
the confi gml@pﬁlmsmfuctlh@htﬁea@&bbrrent cel | rectilinearl y supports the

| am nar flow of the particles unhindered within the neasurenent

volune, i.e. without dead spaces and at constant speed. To this end,
vari oug0 mséhlse @markxée of thd liilvfdﬁhviimthahdey thor dlh'wtiozonf)itIrQ:aMudrh stndatohinothe line even

anot her . 1% ler? 1t i gd\)%tg con? rgt?f Nor earsrl?rléme ¥ celll rec{“ﬂmearly
pi peline Wa]i) |ne chann Q'F eh ot 1 e
wi ndow i s alimplttsr @1: iﬂmlnﬁsdlaiﬂqu tltmrt(tlemuhhn@rcﬂ\amm the nm’asu2em@t stcﬂﬁhlqme without

Al ternati Vﬁ%&éastp?\;egraggg g@r@ﬁnto%nlegoap[%h{h{se A Wit &%Sq Cl?sgd 1nedlv1dually or in

produced an lI'i'ne For app

pl asti cs prodeicdtioowiploagnothehe wi ndows nust wi t hstand t he flow of a
nmelt atsa tenperature of up to 400C and a pressure of 1 to 250 bar.

The wi ndow is typically conprised of sapphire or quartz gl ass,

pr ef er abl y Feappmpletht grindowspapais prefatably rséunexgh the mlminawblh iﬂuhdrres]s thefpipeline

10 mm and has s ﬁ?e %L%ﬁé: bt REQ; ﬂcpot\)v %)%bngarﬁsusu?IPErou?g Wi 22 rpet%r of> to 109 mm.

coni cal shape ressure adst de eal”
wi ndow el eﬁﬁmmatmky laeprnbnmm@dof sapphm: pi glairtzrmasmhﬂ bé Ipusiacadi 4rd sthaehed to the

pi pel i ne CBI%QMI%! (Figure 3).
30
For applicability in a plastics production plant, the windows must withstand the flow of a melt at a
temperature of up to 400°C and a pressure of 1 to 250 bar. The window is typically comprised of
sapphire or quartz glass, preferably sapphire for its particular strength, has a thickness of 10 mm
and has — as described for example in DE 102 01 541 Al, a conical shape. Due to pressure by
35  means of a glass-metal seal, the window element can be mounted in the pipeline wall flush with the

pipeline channel (Figure 3).



.- 7 - It is also preferred if the distance d fromthe centre of the
illumnation window to the surface of the detection w ndow is matched

to the size of the pipeline for optimumflow of the particles (Figure
4) . Dependim; i . Iyte | h_the

& st ance. d 19 Bpplefc ik d3ficcnokanblats BKETLAIERYT  BcE) B shite orne
exam nat i ornletegtipnoyigkdaw isonatqhed tr the sizéef thepipakire of optinwint fiow of the particles (Figure
Snmeasur ene I j . i f t he detection

i ndow sucrt RaE8s e el e Rerifis ARG kel KA BB REE M Jgeca anc
few and as tareibdosigsopibs dighidendFoexpmingtiendy otdee tocgmiiizgruthatlinginaraflovt Wéthin the
detectign w mat ched, as shown for exanple in Figure 5. 10
In a segongﬁeg%g%hdﬁ%?n%ﬁ{%ﬁbf t he probe according to the invention, the
necessary orientation of the respective |ight beans with respect to
each ot her ' ' Li.sm Typicall t measur t _cell
a1 ha 5 48 BUSR e dShRANP LRy IRAA ad 150 TRRS L B i e
pi pel i ne i migehes ¢ pefewned wwednlallan dodsidke. Ththigpmid sthe asifigivetion ofdevdefzatien window
(Figures 5 and Slencll & SEAALY Elapiedy LGRS, 15mde of sapphire of

quartz glass w 1% e appropria 8 prismgéeonetry can be produced and
attachéd to the pipeline. This particul ar enbodi nent has the

advant age I Ol eam.can_fl.ow past the w ndow unhi nder.ed.
The- poart i i erohf cirhdithith ERRAEARq B PBE Invbitor b FR BRI RS or e
and opti calresp@iive Hightabtagsi sith cspat to kectp pihsmisemdievel hikieg appisopriyaicelly, the
per pendi cul I . QF e exgitation.light to t emissipn. .. .
raht o dPoPirit g h By GNEy S48c Mish® T b baal e S S4B pipetne o
135 to t he tle ppelide mell tandhas theyptidni ss hebadiowgnhs (Ripeesphartd &) Altérsatively, a probe

record a i L j.an Line. . - he case aof the pris

cont oot at 150 S REERR Rl kSTl BEPRE i LGS SRR prgouced and e
pr ef er abl y to @gpiphlinener t han t he di aneter of the pipeline.

Advant ageous is a thickness of no nore than 5 mm preferably 150 gm

to 3 mm but this depends on the dianmeter of the flow channel. For
exanpl e, a Thisglatticblearmbdtiirodm dss thefadmamtaye rtiat tliraiquid mmamscapritefsepase chefvandow

a fl ow cha i e f .5 | f. t.he measur nt valune is qreater..
than the dgg@hqeg%d?@%LéosﬁgﬁP%r?,ptP%élg%a? sk 3‘%? %‘E{%mﬁoa otlgljlaegrec’%%t sﬁ?{éaptwal
exact | $0 | kharinteriseeuif tenein dnsurerteebyropre pdpaidicelat orgtadveot the exditetion light

nmeasur enmen I I be sufficientl eat for.col tin

as nuch |ité%§ﬁ9§‘§ﬁ§‘8§§ 1(2?38&%3%113 %éss B%%eo%ian%ﬁ?asngie (ga}rr%& a@%éér?rt}égﬁoiﬂﬂegﬂow
may be advditcigedotif gubotiivent, drpertiakeus recafedidhe diregisonal &nent cel |l to be
controlled directly by neans of heating elenents, with the result

that the tenperature of the liquid flow ng past can be kept constant.
Typi cal hedt ihegraed efivthntpsisiareenfgurationathe thickness of the excitation light beam is preferably

25  thinner than the diameter of the pipeline. Advantageous is a thickness of no more than 5 mm,
preferably 150 pm to 3 mm, but this depends on the diameter of the flow channel. For example, a
light beam thickness of no more than 1 mm is preferred for a flow-channel diameter of 5 mm. If the
measurement volume is greater than the depth-of-focus region, the particles are no longer measured
exactly. If the requirement is merely one of detecting events, the measurement volume should only

30  be sufficiently great for collecting as much light as possible.

For the embodiments 1 and 2 described, it may be advantageous for the temperature of the
measurement cell to be controlled directly by means of heating elements, with the result that the
temperature of the liquid flowing past can be kept constant. Typical heating elements are oil trace

35  heating via heating channels or electrical heating.



.35heating via heating channels or electrical heating. - 8 - In the
present invention, the detector can usuallycregister the intensity of
the light emtted by the | um nescent parti le es at a wavel ength of 500
to 700 urn t ' ' (o) i emn. t he : .

| i ght - scat tIJéfrﬂllerfggSSJét;] %‘%@ﬁég}é ¥I}esJeFet§§?§{neL?sgé}lyby l%t%gtﬁae %né[t]}(l)?f thf I]fgl%t emitted by the
usual | y t akesingdcert partitles fter vegvelength pHFNOR 700 emgifithe ihfensitg ©f gedight emitted by the
em ssion filte - . 0 ti vel y, detect. thi vel engt i
Fange. 5  IehFiehuPhng pTER, O IR Y BL URELE il WM AT pBRE e exitation
wher ei n detvectlergh. fliorecders emissign [fitters arsiselitd sgatively Heect dridwadeleegh emge.

for detecti ' - terin t] can .be.c iLned (e.d.. as. .
shoun 1 8 Fi'oar Lo By R B ERRE Mg SR o' Byind Sominescen
caneras, CyaSceams! dasctasrirideiegmgdarescatiering Qartjsleo tcantid toniinedr(s.gamdshown in
phot ocel | S'F‘@E’é f(ﬁb| e caneras are those which are sufficiently
Iight-sensit1 ve I'n the detection wavel ength range (500-700 nm. For
exanpl e, the Stingray canera from AVT (i nage frequency 9 to 84 fps

dependi ng mde i s used. The % ge_of a ra is that. Lt not

only det ec?}gssﬁee C*%Frgloﬁses%eénfgre ffxﬁrf@%’s ﬁ%ﬁoﬁalﬁeﬁé’ p@?‘?? cfa31§raﬁutmg11§% cameras,

t hei r 30r f pbetsmullipiacarddihngcdlls. Suiteble pangandsi aonthodetvehidhi agdriuBadent]lg dight-sensitive in

irradiates the s | e volume o fl channel ., cont i nuousl y. or I

the 1 ntegr A9 BT R Rt oo b o BRRRE e SRR trom! A Tinage

Typi cal |y, fichpentn® égéhaips depeniing on snodel) shael. The bdhanape & Ofandetreis ganplnet only

vol une and to the,fl.ow speed. .20The detectar.records. the em ssion

light f romdfe RESE é“r?%%%‘“rs“? n lélgelns(')l? O-g\rt}jgrpaﬁﬁgs %ﬁtagaﬁgfrisgﬁactef'ne and

transmits this information to an inage analysis unit, which is

usual | y.pargt_ of. uter. The i e material st call | ysed

accor d%{%g £ C?rﬁlélgctﬁgl}”e?miv?\m |’gtttl]“r" élggt?g’f] I8 THECSE S %@Ss"g h’&%a%&ﬁ%él?“ﬁu‘fh?mel

25 Anot her calsjneatslyadfr ovdrehguntegreiidn tinmvad tekates the phitiekefloviag pastret hod f or

detecting | um nescent and optionally light-scattering particles in a

liquid fl ow ng through the probe according to the invention, with the

fol | owi ng Siypipaly, the intepparioh itimg i¢ h&clsd 2ethe fizaof thgdainpicololie aad  the flow speed.

inputting a flow speed and calculating the integration 30tine in an

el enent for controlling the integration time, with the integration

ti me be0dng Thhdeteitorercaorpatiei colisiondiehs fivm the ohunhélriowdgdr ¢vae tHei iglogratial tke and
h fi 1 - _1igh i i b i ght sourc for

gte f lt n?nge t Irt]rgu?s'grlutgs ﬁl%olgvl\?%clonglﬁtgc{n to an {n%gcte ar%¥y%{stu?1'1 ,Iw r1]ch 1¥ usﬁiafl)l; lgan of% cgmpu%ér.

The image material is typically analysed according to the chart in Figure 7, the data are assessed
and output.

25
Another object of the present invention is therefore a method for detecting luminescent and

optionally light-scattering particles in a liquid flowing through the probe according to the

invention, with the following steps:

inputting the size of a light volume and inputting a flow speed and calculating the integration
30 time in an element for controlling the integration time, with the integration time being the time
a particle takes to flow through the light volume at the defined flow speed,

- light excitation by a light source, for defining the light volume,

- detection of emission radiation over the integration time by means of a detector,

- analysis of the detection data by means of an image analysis unit,
35 - outputting the number of particles and/or size distribution of particles and/or intensity
distribution of particles per volume and/or per weight and/or outputting a collective image of

luminescent particles over a specific time.



.detection of em ssion radiation over the integration tinme by neans of

a detector, analysis of the detection data §y neans of an inmage

anal ysis unit, 35outputting the nunber of particles and/or size

di stributi f ' ’ | ' ' ' ' i cl

per ol ume st b BrelRin Rl b SRR Bt ol bk RebloB iR s he

| um nescentmefadtreidsg ovkringengpebr bilme mongoering-of 8 prodé¢ion Iplant, obpagcnlaoplastics

the present_ | [ | e probe according to the

i nvention %ﬁdgpégrﬁ)%’%agﬁ#gﬁﬁ&é%&e{%g%lreggp&%ﬂt o the invention for online

nonitoring of a production plant, in particular plastics production

pl ant, S r / DFj to .6.sh ossi.bl e .

Crmbod] mon; & ey 15 ST BleeBleAbogich P B afouratul e Y YIRS BB it

l'imting thentitgthenetheretdi gures 2 and 7 and 11 show t he sequence of

t he nethod according to the invention and the sequence of the inage

analysis in the image analysis unit, without limting themthereto.

10 | f a serfigasescf andragesd lil showdlr shgderow of tlichmethod egroatingoto the deventidneand the

i mges can : 2 .t he .i e anal vsis,in.the i

anayei s uArReR? hedadShBl s b IR DF e b Ra bl R0 Reregy o

7. In iBis case, the inmage is the added-up inage. Al ternatively,

t he i nmage al vsi s-unit .can carr yt. .an_i e anal ysis according,t

Flgure 11 Bl Ry § ARofel Lo Bip@Ral TG BBl RE AR BT o Bre e

anal ysi s. Hknggeragslysis-inghe {mage aipdyszomoradd thg ahadydisen ibaveminuahacesrtiing to Figure 7.

reference e ' )Fig. 2:process chart Fig.

3: enbodi mﬁthaﬂ%e@%ﬁ% %ﬁ]ﬁﬁ‘? gz.%%ggﬁg%ﬁge'di stance d in enbodinent 1
Alternatively, the image analysis unit can carry out an image analysis according to Figure 11 and

15  the adding up is carried out as part of the image analysis.

Figures:

Fig. 1: probe according to the invention with reference to the embodiment 1
20 Fig.2 process chart

Fig. 3 embodiment 1

Fig. 4. optimization of distance d in embodiment 1

Fig. 5: window variant in embodiment 1

Fig. 6a: side view of embodiment 2 with the prism

25  Fig. 6b: plan view of embodiment 2 with the prism
Fig. 7: chart of the image analysis in the image analysis unit in the embodiment, in which the
particles are recorded continuously over a relatively long detection time which is equal

to the integration time

Fig. &: output of the number of fluorescent particles per gram melt over time
30 Fig. 9: collective image of the fluorescent particles over 6 hours
Fig. 10: probe for the simultaneous detection of Iuminescent particles and light-scattering
particles
Fig. 11: chart of the image analysis in the image analysis unit in the embodiment, in which a

series of images is recorded over the integration time

35



.Fig. 5:window variant in enbodinment 1 Fig. 6a:side view of enbodi nent
2 with the prism25Fig. 6b:plan view of enljgdinment 2 with the prism
Fig. 7:chart of the inage analysis in the imge analysis unit in the

enbodi nment ,%eh;pen\émlgg:the particles are recorded continuously over a

relatively tion time which is equal to the integration tine
Fig. 8:output of t he nunber of fluorescent particles per gram nelt
over tine Of%%sougcecol lective inmage of the fluorescent particles over
6 hours Fig robe for the sinultaneous detection of |um nescent
particles én@btftctoght scattering particles Fig. 1l:chart of the inmge

anal ysi g i QaEiagcté)rqglg&tegglféd\}ﬂxgin%scgﬁ'tipttaﬂtfcﬂ:st he enbodi nent, in which a

series of images is re over € integration time Reference
si gns: 1 | i2hyketegenfprdstetingelighttmtterfRapadieleect or f or det ecti ng
| um nescen? ﬁélﬁn}s%llla%ﬁe@b detector for detecting light-scattering
particles % I'ne channel

4 pipeline wall

5 excitation light beam
10 6 emission light
7 window pane
8 glass-metal seal
9 aperture
10 prism
15 11 dichroic mirror 530 nm
12 excitation filter 400-500 nm
13 fluorescence filter 550-650 nm



.4 pipeline wall 5 excitation |light beam 106 em ssion |ight 7 w ndow
pane 8 gl ass-netal seal 9 aperture 10 prismy1511 dichroic mrror 530
nm 12 excitation filter 400-500 run 13 fluorescence filter 550-650
rim Exanpl pi peline with a pipeline channel of 8 nm di aneter
was bent at‘E%'Ir?'Egn l e of 900. In the pipeline wall, an illum nation
wi ndow was m |l ed on one side of the pipeline upstream of the 5 bend

d det egt
rmedi at ol v HpqE AR o, QRaboPSt b el U nc LOE SBUEE D 1) s
open over tinthelpmpgkixe ywak on rblllmtmeorpwpéw wes ailletl onnek sidveoldlest reiedlioe ugstedndof the
record 5 he blaﬁ(ﬂiﬁhq d§&£t%ﬂ@1£do%ﬂ%ﬁl@ tﬂé sﬁ@&fqmd%gqu;g R'Erpediﬁt?_% dg\’dlr%]trg‘%r% of the

di stance d omthe centre of um nat
of the det betd, an that ﬂitbowtelsﬁowva&mdm WﬂOmetorqervﬁmdm\m paxtrof trcopipelingi dubt and the

di anet er ofy.Q. My, laNe SREHe MAF M FoGRY (G@hckYsa ¢g, W ndow pane made
WE?PCH\Nasl lrIl’:glnﬁlclﬁl, \/va?r%J %/ %

of sapphire, Ush with the
pi pel i ne channel by way of pressure by rreans of a glass-netal seal

(Figure 3) Thg'gistance d from the centre of the illumination window to the surface of the detection window

10  was 14 mm.

Both windows were round with a diameter of 9 mm. In each window, a conically shaped window
pane made of sapphire, which was 10 mm thick, was mounted flush with the pipeline channel by
way of pressure by means of a glass-metal seal (Figure 3).

15
The probe was installed into the pipeline of a polycarbonate system, in which a polycarbonate melt

flowed at a temperature of 300°C at a flow speed of 6 m/min.

Mounted in front of the illumination window was a commercially available xenon lamp
20 (Drelloscop 255, Drello) in combination with an excitation filter (HQ450/100 M-2P LOT Oriel)
and an aperture. The excitation wavelength of the light beam was set with the aid of the excitation
filter at 400-500 nm. The light beam was focused onto an average diameter of 2 mm by means of

the aperture.

25 A camera (Stingray F-033B from AVT, up to 58 fps) in combination with an emission filter
(HQ600/100M-2P from LOT Oriel) and a beam splitter (530DCXRU from LOT Oriel) was
mounted in front of the detection window for selecting the recording in a wavelength range of 550
to 650 nm. The camera was mounted perpendicular to the excitation light, so that it could record
the entire diameter of the pipeline channel.

30
The interface of the camera was connected to an element for controlling the integration time and to

an image analysis unit, both being elements of a computer.

In the element for controlling the integration time, the size of the sample volume (2 mm) and the
35  flow speed were input. An integration time of 20 ms was calculated. The light source illuminated

the sample volume continuously at a wavelength of 400-500 nm.



.The probe was installed into the pipeline of a polycarbonate system
in which a pol ycarbonate nelt flowed at a t?qperature of 300C at a
flow speed of 6 mMmmn. Munted in front of The illum nation w ndow

I cor nac Shan Y UL R SRR, S BB RR R M o o

and an apemmurver th§ inéegeation timt camrolled/ sl thﬂgblhelmfortchuﬁrdllughhe ibegmiawetines et
with the aid of the excitation filter at 400-500 nm The |ight beam
was focused onto an average di aneter of 2 nm by neans of the
aperture. ZJbArccanted dat{ ‘St:ne mgnsayttda-ﬂ‘lﬁﬂﬁefcamm ARe imkge bl B8 dnfishd ware processed
conbi nati on YYiel ane]g n f %f 00/ 100M 2P from LOT Oriel)
and a beam’$ ey E?g % :{ iel) was nmounted in front of
t he detectlon mnndOM/for selectlng the recording in a wavel ength
range of 5 endi cul ar to the
excitati on%ﬁu el% 8 99 SI%WaQOSSI?le Outﬁllltaa{!rp% Borcglss%llﬁggtélg??t ‘e diameter of the
pi pel i ne channel 30 The interface of the canera was connected to an
el enent for controlling the integration tinme and to an i nage anal ysi s
unit, both being elenments of a computer. In the el ement for
controlling the integration time, the size of the sanple volunme (2
nmm and the 35f| ow speed were input. An integration tine of 20 ns was
cal cul ated. The light source illum nated the sanple vol une
continuously at a wavel ength of 400-500 nm - 12 - The canera
recorded i mages of the sanple volune in a detection wavel ength range
of 550 to 650 nu over the integration tine controlled by the el enent
for controlling the integration tine. The recorded data were
transmtted fromthe canera to the image analysis unit and were
processed 5by the i mage anal ysis unit according to Figure 7. Figures
8 and 9 show possible outputs after processing of the data. - 13 -
Clainms 1. Probe for detecting |lum nescent and optionally

i ght-scattering particles in flowing |iquids, having a neasurenent
cell containing the follow ng el enents:



.5_a pipeline channel through which the liquid to be neasured fl ows,

at | east one transparent window in a wall 3 the pipeline, -at |east
one light source for producing a dinensioned excitation |ight beam
whi ch excitis’ t hrough the wi ndow, the |um nescent and the

| i ght - scat tePf g particles in the pipeline channel in an optically
limted light volunme, 10at |east one detector, which records, through

t he w ndow.or thrqugh further wi ndow, electromagnetic radiatjon = .
from the I dni nedCaitaor b PamSTRS it SRR FNARGURABEIR g: Noving liquids,
particles, an elhevigni mkaureasittcedbdritdiging the follobgroddnients: ti me, which

serves for inputting the. size of a sanple volume and for |[nputting a

fl ow spéed and for cﬁlpiPﬁP%Fﬁiﬁ‘Ble;thf?“ %ﬁf#ﬁﬁ’lﬂwﬁg" ?%eaf?f?%g‘?‘gﬁ’i on

time, the integrati oatlkistnehRhipgrehh@inidwri sawddedfiicliglihgkes to fl ow

t hrough the Iight vol at e in fl ow. speed, wherein, in fhe )
roasurenent corl. 1 ndt HRaHs ek e BETER A g e meaien Tl Fepgpphich
emtted bé t hehl urr?' n&s:ﬁ&ﬁ;tthﬁbﬁgﬂ e “Iilil(g)m tl&q&htnegcbmgaﬁ@alﬁethlii@t-aanarh&@ particles in
orientated such that they ar erpendi cul ar. to ch ot her, 20wherein
each particle noves \Rﬁletﬂﬂﬁ/%n‘fﬁ@ﬁ?% roéﬂﬁh?'li%tla‘aﬁé’tﬁ%@&ﬁl el to the

| i quidistream and t Qe ldabtOsteHefektogammiél @sbrdat thdvufh XRAwRAE &r ttirobdhea further
excitation light, wherejn the |iquid siream tgg det ector and the

light source are sit J4tQF: CHOGIPEPTEIRYAHG, T EredrRineifent faf BtQsPn fgm the
an interface wth theighlRaesihg paticl&ontrolling the integration tine,

so that the detector car record tﬁf I%hght emtted by. the | um nescgen .
particles over fhe 28B&ISBIGMAPEP irA{iag g dategation e, yhichsge faappnane size

to Caim1l, charactenfzesnipl iblahe tae bt Xgdiapd €oRf spbdieaPfdri Glc@lating and

streame) o the excitation li g?t is i.n the 1Ean%e of 45 tq 135 degrees.

303. Prdbe according CEHBHTENRC BegmH Ymp ghonteRitmiinebinege fime fpaticle takes

the excitation |ight ibgamiragh &#eaghi Vol tHehtpueNéw kel pel i ne

[ [ i.ne channel .

di ameter of t heuﬂe egll, Iin ?he measurement cell, the dimensioned excitation light beam and the light
emitted by the luminescent and/or light-scattering particles are orientated such that they are
perpendicular to each other,

20 wherein each particle moves within the measurement volume parallel to the liquid stream,
and the liquid stream flows at a fixed angle to the excitation light,
wherein the liquid stream, the detector and the light source are situated in one plane and,
wherein the detector has an interface with the element for controlling the integration time,
so that the detector can record the light emitted by the luminescent particles over the

25 calculated integration time.

2. Probe according to Claim 1, characterized in that the fixed angle of the particle stream to

the exeitation light is in the range of 45 to 135 degrees.

30 3. Probe according to one of Claims 1 to 2, characterized in that the excitation light beam

radiates in over the entire pipeline diameter of the pipeline channel.

4. Probe according to one of Claims 1 to 3, characterized in that the pipeline is bent at an

angle of 90 degrees and the pipeline has a transparent illumination window for illuminating

35 the pipeline channel on one side of the pipeline upstream of the bend and has a transparent
detection window for recording the emission light by means of the detector is located on

the side of the pipeline immediately downstream of the bend, such that the detection



.4. Probe according to one of Clains 1 to 3, characterized in that the
pipeline is bent at an angle of 90 degrees&gnd the pipeline has a

transparent illumnation w ndow for illummnating 35 the pipeline
channel on one si.de of the ine u eam of the nd and has. .a, .. .
transparent det é"d’[“?"&’nls\ﬂp‘ﬂb%\ﬁf bo"‘feé%f %‘tt[ﬂﬁp’?ﬂ@egﬁ‘f@g‘i?g’ﬁ%ﬂeﬂﬂ’i regRyds the liquid

means of the detsgeeinDflowigg tovaaksesld afedidte si de of the pipeline

i mredi ately downstream of the bend, such that the detection - 14 -

wi ndow i s open over the |ower part of the pipeline duct and the

det ector re&cor dPrétaenctdrdiug @b Sl aNchdrayringd nomayr s dganek datoacthercentfe of the

Probe agccording.to.C aim4, charact in that the distance d fro
The centre of ¢ AL B a0t e (AEIGR PHAEE ibfeioia © the 5 of the
det ecti on wi ndowigeBndet sftiathnd Qow bthspazeclaf the pipeline for optinum
flow of the particles. 6. Probe according to one of Clainms 4 or 5,
characterized in that the light volune is at nost as great as tw ce

t he dept h- @f - fomma:gfrmg @foné MIQms@QirisvﬁarathnzeH’ﬁrQﬂBa RIS blge 15Qt most as
one of Clains 1 to 3, rac edlnth%the nmeasur enent cell has

a single w ndow&l#At ?fﬁ“’icgah % E cﬁireglﬂ’éog §ePIEtiVehe pipeline in the

pi pelime wall and has a prism as the wi ndow pane whi ch ensures the

per pendi cular orjentatign of th?ﬁgxmtatlo light with respect to the

eni ssion | i’ght . P CBFOBEPSHIOSF &F FEIED! & hichpacteirad Seihetho mgespismepgell has a

t he thickness ofkingleavigdsi which @ indekted bt tB@@d'Qeloii tHRGipPLEint th@PipSlit®Wall%nd has a
Probe according to one of glalms 1 to 8, ha]?i}gegqa detector for
| uni nescent par PFE @S Wenpingow gars which postiess thecprrpeadioy pryprieni3Lipq pg hg gxcitation

10. Met hod for dghteath regettdsihpemienh lighd optionally |ight-scattering
particllgs inaliquid flow ng through the probe according to one of
Cl ai nms to 9, with the following steps: a. inputting the size of the

sanpl e vol gme ampebbe dgystdinge A4l 7, bipivactpiearinitint tHaehiginb &l df AR oRSifA6h light beam

cal cul ating an |ntergrat|og tlne in an elenment for controlling the
i ntegration is no more than

9. Probe according to one of Claims 1 to 8, having a detector for luminescent particles and a

20 detector for scatter-light particles.

10. Method for detecting luminescent and optionally light-scattering particles in a liquid
flowing through the probe according to one of Claims 1 to 9, with the following steps:
a. inputting the size of the sample volume and inputting the flow speed in the pipeline
25 and calculating an integration time in an element for controlling the integration
time, with the integration time being the time a particle takes to flow through the
light volume at the defined flow speed,
b. light excitation over the entire pipeline diameter by a light source, for defining a
light volume,
30 c. detection over the entire pipeline diameter of the emission light over the
integration time by means of a detector,
d. analysis of the detection data by means of an image analysis unit,
e. outputting the number of particles and/or size distribution of particles and/or
intensity distribution of particles per volume and/or per weight and/or outputting a

35 collective image of luminescent or light-scattering particles over a specific time.



.time, with the integration tine being the time a particle takes to

flow through the |light volune at the defiqgg flow speed, b. |ight
excitation over the entire pipeline dianeter by a |ight source, for
defining a,ight volume, .30c.detectjon over. the entire pipeline .

i ameter ot ho iR FSprahecins CoBEo by Rechf g MEu S teneeofyhe ionyot te
a detector, dmiaivaliyktitske@lact ber deteatit pipalitaliandiyt. means of an i mage
anal ysis unit, e. outputting the nunber of particles and/or size
distribution of particles and/or intensity distribution of particles

per vol ume land/ MMethelr acomtimbtto anel 6HOClatml plutd i ) gvharedbmeldeeerbd e higgRolution,
of Iunigescent o Ji ht-scattering particles over a specific tine. -

15 - 11° Met hod "SRCSPETSPE™0 ai m 10, wherein the |ight excitation

and the detection of the em ssion |ight take place over the entire

pi peline digneter.. 12. t haod accoy di to,.one of C ains tag 12,
Pherei n-t hdSoet S fesraing g TPBoLS aPFisi o8 o s SispisParppbeaadipbiigy over o
13. Met hod accoréitiglytlong@eaictidnlidne. wher ei n the particles are recorded
continuously over a relatively long detection tinme. 1014. Met hod
according to Claim 13, wherein the detector records a series of

i mages 10ver4t he Mahagicasdriiag td Chm 19 whdieis €lid @fecl récoRigQSeli& ddaiesks WPer the
over this tinme. . 15 Use of t ehgiobe_aCCOEdigg to ong,qf Claims 1 to 9

or of the met hod™SREEPEMFVRiSh trigs o ipees is added up overfhipaimes o) j ne

nonitoring of a production plant, in particular a plastics production
plant 150r 1?. V\ai}see\g?tthg E)ro é gcac':gr 1nrf];tto g]Leaor}tCIaims 1 to 9 or of the method according to Claim 11
to 14 for online monitoring of a production plant, in particular a plastics production plant

15 or a wastewater treatment plant.



