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a  b  s  t  r  a  c  t

The  strength  of multi-scale  modeling  to support  the  fundamental  understanding  and  design
of radical  polymerization  processes  is illustrated,  considering  both  controlled  and  free
radical  polymerization  (CRP/FRP)  in non-dispersed  (bulk/solution)  and  dispersed  (sus-
pension/emulsion)  media.  At the  molecular  scale, the importance  of  joint  experimental
and  theoretical  studies  is highlighted.  At  the  micro-scale,  the concept  of  apparent  rate
coefficients  is elaborated  to account  for the  possible  influence  of  diffusional  limitations  on
the  local  reaction  rates.  At  the meso-scale,  the  key  characteristics  to fundamentally  describe
the evolution  of the  particle  size  distribution  are  covered  and the  possible  interaction  with
the micro-  and  macro-scale  is  discussed.  At  the macro-scale,  the  main  mathematical  tools
to  assess  the  relevance  of  mixing  and  temperature  gradients  are  provided.  Several  exam-
ples on  CRP  and  FRP processes  are  included  to showcase  the  modeling  capabilities  for  each
scale, focusing  both  on laboratory  and  industrial  reactors.
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List of symbols

Roman symbols
A pre-exponential factor for chemical reac-

tion, (m3 mol−1) s−1

Ai (i = 1, 2) molecule, –
A1A2 encounter pair of molecules A1 and A2, –
B(V,t) “birth function” for PSD calculation, m−3 s−1

C molecule, –
Ci (i = 1, 2) adjustable parameter for correlation
Cu(I)X ATRP activator, –
Cu(II)X2 ATRP deactivator, –
dp particle diameter, m
D(V,t) “death function” for PSD calculation,

m−3 s−1

Du/v diameter of particle with volume U/V, m
DAi diffusion coefficient of molecule Ai, m2 s−1

DA1,0 pre-exponential factor for diffusion coeffi-
cient of molecule A1, m2 s−1

EA activation energy, J mol−1

g breakage rate coefficient, s−1

g gravity vector, m s
G growth rate of a particle, m3 s−1

h Planck constant, J s
i chain length, –

is sth inflection point in characteristic PLP
CLD, –

I2 conventional radical initiator, –
F volumetric flow rate, m3 s−1

FA,inst instantaneous average copolymer composi-
tion for A monomer units, –

fA molar fraction of monomer A in monomer
feed, –

k rate coefficient, (m3 mol−1) s−1

kB Boltzmann constant, J K−1

k′ coalescence coefficient, m3 s−1

P dead polymer molecule, –
P′ pressure, Pa
Keq activation/deactivation equilibrium coeffi-

cient, (mol m−3 or –)
Kij hole free volume parameter, m3 kg−1 K−1 or

K
M monomer molecule, –
MMm monomer molar mass, kg mol−1

n(V,t) number density function per volume unit,
m−6

n molecularity of the reaction, –
n̄ average number of radicals per particle, –
NA Avogadro constant, mol−1
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