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1 Photon density wave spectroscopy 4 Fundamentals of particle sizing 5 PDW for PAT

* In-line  Process Analytic Technology (PAT) for] 4.1 Variable absorber concentration 5.1 Radical fed-batch polymerization of vinyl acetate
concentrated and strongly scattering dispersions In water in 1 L scale
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e Allows determination of absorber concentration its distribution width Ad as function of time t for the

polymerization of vinyl acetate.

4.2 Variable scatterer concentration
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Nano particle size characterization of PVAc
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volume based (by SLS)
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2.2 Snapshots of PDWs
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e 1. Increases linearly with slope 7, _ _ Diameter d / nm
Electron microscope Image of synthesized polyvinyl
Detection Fer * iy decreases due to reduced water content acetate particles (left) and particle size distributions from

e Allows determination of particle size or volume fraction ¢ | PDW spectroscopy and static light scattering (right).

4.3 Determination of particle sizes e Good agreement with electron microscopy
" e Result from process measurement reflects number

based particle size distribution by PDW spectroscopy,
140 (469 nm) reference analysis by static light scattering agrees well
Free S with volume based distribution from PDW spectroscopy
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5.2 Ostwald ripening of nano emulsions

Spherical PDWs in dispersions of polymer nanoparticles.

Reduced scattering coeff. x' / mm
|_\
o

HopT78mM) /| o oo ==+ Principle of Phase Inversion
3 Theory q q °e| T tast T) |+:+|  Temperature (PIT)
1 ’ ® o ) = [-~-:| emulsification with typical
. . . t fal R - il v
31 S|ng|e Scatte”ng & abSOI‘ptIOn 1 A ....(.,rue). T '(.a.s.e.)...., — :... O' temperatures’ phases (O/W —
Scatterer 10 100 1000 10000 @ ° oil-in-water, w/o — water-in-oil)
o | Diameter d / nm 20°C 60 °C 20°C  and typical droplet diameter
e Ambiguity in particle size at one measurement wavelength o/w w/o olw
25 um 10 um 100 nm
e Measurements at different wavelengths solves ambiguity 10 | |
| = 3 vol% Emulsifier
4.4 High level of agreement with reference techniques g| [T R
o = (0.938+0.001) x10 m's
30 S S
. | | @ PDW 0! 2 X 6-
Light source Detector — 0 S | v FOQUELS e S s
~ 1000 B Turbidimetry ""' f ; ~ 4
| ) | © x  \olume fraction @ PDW OO L o0 O <
0 @ R 0 — ¢ E ' : 0 Q) . Aol Bt
,ua — Cg 2 x .""‘ : E/ EZ— vol% Emulsifier
Sampl E | goee08°%%°° 15 S \f oo
— G X [ = ® = (8.227+0.032) x10
amp e ﬂs o gS 6 100 -: ' b4 X -. 10 % O I ' I ' ( I ' I )'X I n:] S I ' I ' I v
_ _ _ © | 2B e e = 0 24 48 72 96 120 144 168 192
3.2 Multiple scattering & absorption O O x ; x « 5 2 Time t/ h
. . . - — % L : . . . .
Reduced Scattering coefficient: 1/ = . [1_ gl=7' g ok « - 0 S Cubic nanodroplet radius as function of time for two

different emulsifier concentrations (points) and linear fit
0 5 10 15 20 25 30

S lines) to obtain the according Ostwald ripening rates w.
J | (‘9) COSs 6t Cos ¢ Sample number ( ) J J

Anisotropy factor: g =(Ccosd) = ® Ostwald ripening rates can be determined without

S . .
Photon density: _[ 17 (6)dcosd 4.5 High Volume fraction dilution, shown here for nano droplets generated by the
; ; 400 A PIT emulsification method
Obe Oac E B SYN_CoP
plr,t)=—=exp|—Kk,.r [+ ===exp|-kr|cos|mt —K,r || < ® TUD_CoP -
( )\ el DCJ]\ | 'J] [¥ q;] S300] * A4 A &asaa s PS 6 Conclusions
Time constant intensity 1(1 phasearn| & MR
Ime constan niensity I(r, ase a(r, D * Reference : : : :
et and o o So00{ ¥ A4 4 Asssm aa e Uniqgue  in-line  process analytic
- ntensity- an nt: & : : :
e enSity=ant phase Coetcie 5 N technology to characterize highly turbid
o | o) _ T RREN RN RN RN F :
o (o 2 o )z © 1001 * YOV VYoyvvvwy materials
5 = 12 Py ) 2 (2 2 £ . : ..
Ve 2 {<(3 Fus) c2>(“a+ @)} S * © o o eoeee e Optical properties and sizing of nano-
’ ‘ 1 0 T T and micrometer-scaled droplets / particles
ba o\ @] [ 001 1 10 100 TR -
tia (5 + 1) F— e Dilution-free measurement technique
Volume fraction ¢/ % - ‘i : :
. . . . o
Absorption and scattering properties can be determined  Different polymer dispersions with volume fractions up to Size _ distribution measu_rements require
independently! 60% measurable multi-wavelength experiments
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