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Abstract: Process andytics has been already widely utilized in a large-scale continuous production line such
as petroleum industries for severa decades. Although the process analytics has a long history, a concept of
“Process Analytical Technology (PAT)” has been rapidly adopted as a new paradigm for the process monitoring
in the production process of various industries. In this review, current status and recent developments of PAT
in various research bodies have been introduced, including the introduction of various types of anaytica
instruments, chemometrics tools, and perspectives and future gpplications of PAT as well as the fundamentals
on PAT such as terminology and its historical background.
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© Product-based conventional technique (off-line)

quality test quality test quality test  quality test

M mixing }—l+ drying }—l>fabrica(ion}—l-{ package

@ Process-based PAT (on-line or in-line)

raw
material

quality test
‘ mar?::ial H mixing H drying }—>‘ fabrication }—l-{ package
(AR A ARl
quality test  quality test quality test  quality test

Fig. 2. A paradigm shift: from the traditional process analyss
into the state-of-the-art process analytical technology
(PAT).
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1. Benefits and drawbacks of off-line, at-line and on-line analysis [14]

advantages

disadvantages

e gccurate analysis by experts
e analysis under optimum conditions

e slow anaysis
e conflicts of priority in analysis

off-line e low cost e additional cost for management
e high flexibility in the operation e a dispute over the data ownership
e exclusive use of the anaysers
e quick sampling e low usage of radiation detection
a-line e simple instrumentation e equipment needsto be robust to cope with production envi-
e data owned by process operators ronment
e control of the priority in anaysis
o rapid analysis e |long period of development and high cost
on-line e process automation e high cost for the maintenance

e exclusive use of the anaysers

e safety concerns for the electrici
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Table 2. Characteristics and applications of non-invasive process andysis

method characteristics applications
neutron : gﬁgﬂﬂ;‘, dper mm sensitive to element rich in hydrogen and moisture measurement
— gamma-ray shield . ) .

gamma ray _ radioective decay measurement of density and thickness and flow density
microwave ~ applicable to solidliquid/gas measurement of dielectric constant and water content of oils

— reflection from metal surface

— applicable to solid/liquid/gas

X-ray fluorescence |0 penetration for steels

quantitative elemental analysis

— analysis of organic compounds

Infrared emisson st in quantitative anlysis

Composition analysis of films

— applicable to dynamic process

acoustic emisSON 1 ivect chemical andlysis

flow monitoring and characterisation of fluid beds

ultrasound — analysis of physica properties level measurement
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« ICLS: indirect classical least squares

Fig. 6. Flow scheme for the multivariate calibration.
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