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Process Analysis & AutomationProcess Analysis & Automation

■■ Process analysis systemsProcess analysis systems

■■ Multivariate process analysis softwareMultivariate process analysis software
◆◆ CharmCharm Works Works

■■ Sonic product developmentSonic product development

■■ Acoustic emission monitoring systemsAcoustic emission monitoring systems

■■ Laboratory automationLaboratory automation



Applications - vertical marketsApplications - vertical markets

■■ AntioxidantsAntioxidants in in polyolefin melts polyolefin melts

■■ AutomationAutomation of standard tests of standard tests
◆◆ permanganate timepermanganate time

◆◆ Hazen colourHazen colour

■■ Batch processingBatch processing

■■ SolventSolvent purity purity

■■ Multicomponent stream compositionMulticomponent stream composition





LabVIEWLabVIEW

■■ Graphical programming environmentGraphical programming environment

■■ Designed specifically for instrumentationDesigned specifically for instrumentation

■■ Good graphical user interfaceGood graphical user interface

■■ HighHigh connectivity connectivity

■■ CharmCharm Works Works add on toolkit provides add on toolkit provides
chemometricschemometrics





Charm WorksCharm Works

■■ Chemometrics forChemometrics for real real time process analysis time process analysis

■■ LabVIEW tool kitLabVIEW tool kit

■■ PLS, PCA, SIMCAPLS, PCA, SIMCA

■■ EasyEasy to to use use



Charm WorksCharm Works
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Polyethylene manufacturingPolyethylene manufacturing



AntioxidantsAntioxidants



Additives SpectraAdditives Spectra





Rheometric  PCR-320Rheometric  PCR-320



The extruderThe extruder



ObjectivesObjectives

■■ AnalyseAnalyse three anti three anti--oxidant additivesoxidant additives
concentrationconcentration in real in real time time

■■ OnOn--lineline in in the melt the melt (up to 250°C) (up to 250°C)

■■ Manage allManage all of the functions of the functions in a in a single single,,
integratedintegrated,, easily maintainable application easily maintainable application



Basic approachBasic approach

■■ SpectroscopySpectroscopy ( (proven offproven off--lineline))

■■ Probes and optical fibresProbes and optical fibres

■■ SoftwareSoftware environment environment ( (connectivityconnectivity))

■■ PLSPLS prediction model prediction model (1 (1 off off--lineline / 2 / 2 on on--lineline))

■■ Reliable engineeringReliable engineering ( (essentialessential))
◆◆ optoopto--isolationisolation (analog + digital) (analog + digital)

◆◆ watchdogwatchdog



TechnologyTechnology

■■ In-In-line probesline probes ( (meltmelt) -) - SpectrAlliance SpectrAlliance

■■ Fibre optics as interfaceFibre optics as interface
(UV(UV Quartz Quartz grade 600µm) grade 600µm)

■■ Zeiss MCS500, PDAZeiss MCS500, PDA spectrometer spectrometer

■■ National InstrumentsNational Instruments LabVIEW system LabVIEW system

■■ PLSPLS algorithm algorithm ( (CharmCharm Works) Works)



Zeiss Spectrometer - MCS500Zeiss Spectrometer - MCS500



Monitoring systemMonitoring system
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Spectrometer functionsSpectrometer functions

■■ Control and data transferControl and data transfer via RS-422 via RS-422

■■ Choose averaging time and spectral rangeChoose averaging time and spectral range

■■ Initiate scans andInitiate scans and down down load data load data

■■ MonitorMonitor reference spectrum reference spectrum ( (alarm onalarm on 60 % 60 %
ofof initial initial integrated value for integrated value for 370-400nm) 370-400nm)



CommunicationsCommunications

■■ Serial communications with siteSerial communications with site VAX VAX
computercomputer
◆◆ incorporation ofincorporation of PLS PLS predicted data into site predicted data into site

databasedatabase

■■ DigitalDigital alarms alarms to to local enunciator panel local enunciator panel

■■ DigitalDigital inputs inputs
◆◆ reset alarmsreset alarms

◆◆ rheometerrheometer fault fault



Additional I/OAdditional I/O

■■ DigitalDigital outputs outputs
◆◆ analyseranalyser fault fault

◆◆ bad predictionbad prediction (high (high Mahalanobis distance Mahalanobis distance))

◆◆ low additive concentration alarmlow additive concentration alarm

◆◆ low melt flow or extruder stoppedlow melt flow or extruder stopped

◆◆ PCPC Watchdog Watchdog

■■ Digital Digital inputs inputs
◆◆sample temperature alarmsample temperature alarm

◆◆reset low flowreset low flow



Error detection / correctionError detection / correction

■■ MonitorMonitor reference spectrum reference spectrum ( (alarm onalarm on 60 % 60 %
ofof initial initial integrated value for integrated value for 370-400nm) 370-400nm)

■■ MonitorMonitor prediction quality statistics prediction quality statistics to warn to warn
of calibration problemsof calibration problems

■■ ToTo detect flow problems detect flow problems in in the rheometer by the rheometer by
signal noisesignal noise

■■ Correct for spectral offsetsCorrect for spectral offsets



PLS2 modellingPLS2 modelling

■■ XX block block
◆◆ spectraspectra 243 - 400 nm (180 243 - 400 nm (180 data points data points))

◆◆ mean centred scalingmean centred scaling

■■ YY block block
◆◆ LCLC data data ( (concentration ofconcentration of A, B A, B and and C) C)

■■  20 20 samples used initially samples used initially to to build model build model

■■ ModelModel extended on extended on--lineline



Additive B - Validation 
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Additive C - Validation 
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Additive A - Validation 
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ConclusionsConclusions

■■ TheThe Zeiss MCS500 Zeiss MCS500 spectrometer has spectrometer has
produced good spectral results forproduced good spectral results for
polyethylenepolyethylene//polypropylene additivespolypropylene additives

■■ PLSPLS modelling has proved effective for modelling has proved effective for
analysinganalysing 3 3 non non--resolvable antiresolvable anti--oxidantoxidant
additivesadditives

■■ LabVIEW has enabledLabVIEW has enabled a a fully integrated fully integrated
process analysis systemprocess analysis system to to be developed be developed in a in a
short period of time at low costshort period of time at low cost



New developmentsNew developments

■■ CharmCharm Works 99 Works 99
◆◆ automatic baseline correctionautomatic baseline correction

◆◆ calibration free predictioncalibration free prediction

■■ NewNew applications applications
◆◆ batch processesbatch processes

◆◆ reacting systemsreacting systems

◆◆ NIRNIR


