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Emulsion polymerization
paints, adhesives, coatings, varnishes....

4 N

Heat removal B Viscosity control
High molecular weights

High versatility of the
products
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Position of the problem

Tendency model

il \
. S P ter identificati
Molecular weight distribution (MWD) ' a:ﬁ:jn ?n:;e'| $:|i:1£?o:\on

Glass transition temperature (Tg)
Particle size distribution (PSD)...

iy

The end-use
properties of the

products \
B Multiobjective optimization

v

v Elasticity, strength, toughness, and solvent resistance

+ Rheological properties
v+ Adhesion and film-forming properties
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PRINCIPLE : Harkins' theory

Droplets

4 8 - Micelle A : Particle Q. : Surfactant

® : Freeradical @ : Initiator ® : Monomer
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+ Step 1 : Nucleation

Micellar or homogeneous
Number of particles Np 1

Conversion :0-10 %

Few minutes

+ Step 2 : Particles growth

Np : constant
Particles saturated with monomer

Conversion : 10 - 40 %

+ Step 3 : End of polymerization
Particles unsaturated
Conversion : 40-100 %

7 U
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Micelles
disappearance

Droplets
disappearance
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#® Introduction

Main assumptions

# Process model

@

. % Only micellar nucleation is considered.

. + Propagation, chain transfer to monomer,
o transfer chain transfer agent to monomers,
and termination reactions in the aqueuse phase
are neglected (weak solubility in water).

+ Radical desorption is considered

v Droplets and particles diameters are
considered as monodisperse

v The reactor is perfectly mixed and
isothermal

Bratislava 2008
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#® Introduction

Reactions Scheme
# Process model

¢ Aqueous phase

g Initiation I, 008 - 21,

: Iy + My [0 = R,

¢ Inihibition R +Z, 0 . P+Z,

¢ Nucleation R+ micellel - particle+ R
Radical absorption R, + particlelll - particle+ R
Radical desorption RO®-R,

Organic phase

Propagation R+M OP.R
Term. by combination R+R [ k5, p
Term.by disproportionation R +rR Of%_2pP
Inihibition R+z, 0B _.pP+z,
Transfer to monomers R+M O L P+ R
Transfer CTA-monomers R+TA O - P+TA,

Bratislava 2008
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Species
partitionning
M;, TA, Z (water, droplets,
particles)

S (micelles, water, droplets,
particles)

Molecular
Weight Distribution

A AN, Lt

Mass and Volume
Balances

V,, M, My, 1,Z,S, TA N,
RiRoy X1 Xo

Gel and Glass
Effects

k.., kK, W)

Radicals distribution
in the particles

~

n

N

Hybrid Differential
Algebraic System




Material balance
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Populations balance

M:DN +U,, _(DT+DZp+Dd&‘+DTAp)

dt
d(N,A 2n n
(dt ) =20+ T+_‘L O ZE(DZF,"'Dd%"'DTAp)

Equations of Moments
W:DN +Dcp_Dd&s+DP+Dtrm(l_A2)
_(DZp+DT+DTAp)/]1
SN) 5 40 - D0 40,6-20)+ D, 2

dt
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dt
d(l\cIth ) D +D +Dtrm P(l_ZAl)_DTC/]f_Dd%
Algebraic equations

V :LV

P -1 pol

1_ ZM} .\ TAM

o /0 (V +VU+VaquZ) IOTA(V +VU+VaquTA)

M. MJ

+
1';8 PV, +V U+VaqK&{q y
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Application :

Recipe :
Dispersion medium
Monomer 1 (M1)
Monomer 2 (M2)
Surfactant (S)
Initiator (D)
Chain Transfer
Agent (TA)

Styrene / Butyl acrylate

: Water

: Butyl Acrylate

: Styrene

: REWOPOL SBFA 50
: Ammonium persulfate
: n-C12 mercaptan

68 %
} 29.8 %
2 %
0.1 %
0.1 %
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#® Introduction

# Process model

# Experimental set-up

® 1. Reactor = I
® 2. Pre-emulsion ) %h N,
3. Pump @
A4 4. Initiator I
. 5. Thermostat = i1l
6. Condenser (1) \U\
7. Bubbling d ™
= -
8. Temp. Sensor = = |
! (5)
————— =0 ~EE @
©)
(4) (8) A

Diagram of the reactor

Bratislava 2008
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Experimental investigation

Follow-up of emulsion polymerization

|
l l

Final latex analysis Purified polymer analysis
6az Phase Gravimetry | | Quasi-elastic Gel Permeation Differential
Chromatography Light Chromatography Scanning
Scattering Calorimetry
Free monomers Overall Particle size Average molecular  Glass transition

concentrations conversion distribution weights temperature
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#® Introduction
# Process model

& Experimental set-up Number of parameters to be determined: 38

& Parameter identification Identified parameters : 18 parameters from an
estimability ranking technique (Zhen et al., 2003) (the

~ other parameters were taken from literature)
¢ Experimental data : X, Mn, Mw, dp, Res. Monomers
¢ Criteria of optimization : maximum likehood

Objective function :

J=w, .|n(z (X oo = X mod)zj W, -IH(Z (Apoep - dpmod)zj

data data

+ Wmn |n(z (Mnexp N mnmod)zJ * WMWIIn(Z (Mwexp ) Mmed)zJ '

data data

WFrl'ln(Z (Frlexp N Frlmod)zj

data

Bratislava 2008
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Overall conversion (Xove)
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Parameter identification results

——Simul : T=60C, mTA=0,3¢g
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Validation results
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#® Introduction

General Context

® : : NP S
dlisesss model Problematics : Simultaneous optimization of criteria often
& Experimental set-up conflicting (productivity, cost, quality, security, environment..)

#® Parameter identification
@ Model validation No optimal solution

4 Multicriteria optimization i

¢ Search for a group of compromises

!

Choice of the best compromise

Pareto's front

¥

Feasible
zone

Quality (max)

v

Bratislava 2008 Production (max)
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#® Introduction

Definition of the problem :

# Process model

# Experimental set-up

# Parameter identification / Min f = [fl; f2]
# Model validation f = 1 fo T, —Tgl‘dt L1 rfc-l-g —ng‘dt
S q Gl . t - t tfc t - t tfs
# Multicriteria optimization fc 0 fs fc
® < f, ==X(t)
S x=f(x(t),u(t), p.t)

1 jt (X, - X(t))dt < &2

tfc _tO fe

\ Ulnf S U S USUp

u: feed rate (Q)

Bratislava 2008



#® Introduction

# Process model
# Experimental set-up

#® Parameter identification
# Model validation

4 Multicriteria optimization

# Conclusions /futur trends
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Conclusions

Elaboration and validation of a tendency model able to
predict :

Overall and partial conversions
Residual monomers

Number and weight average molecular weights
Particles diameters

Development of a methodology to solve multiobjective
decision problems :

Simultaneous optimization of several criteria
Productivity

Quality

Futur trends

Decision-making support
Implementation of a solution from Pareto's front
Dynamic optimization (one criterium)
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