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Introduction

« Context: During a batch crystallization process, the online control
and estimation of the Particle Size Distribution (PSD) is critically
important for the industry.

= Problem: No online sensor can measure the PSD.

« Objective: To build an online soft sensor that estimates the PSD,
based on either the solid concentration or the FBRM® technology.

= What 1s new? No use of a nucleation model.

Model of the crystallization process

Hypothesis:

= [to, t1]: Process duration.

« | Zmin, Tmax] © Spherical crystals radius range.
= z(t,-) : PSD at time ¢.
- G(t) : Growth kinetic (McCabe hypothesis).

= u(t) : Nucleation at .

Population Balance Equation:

(f)tz(t, r)=—G(t)0,z(t, x)

2(to, x) = 2o(x)

2(t, Tmin) = u(t).

Measurement : r__:he solid concentration (up to some constant):
y(t) = /$maxz(t, r)z dz.
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How to estimate the state z from the measurement vy 7

From solid concentration to PSD

— Simulation
— — Estimation
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Limits of the soft sensor:

| = Need an estimation of the growth

kinetic .

1= Choice ot 0.
| = Proof that y is not sufficient to

determine z uniquely (no
injectivity).
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"= Need a new physical sensor.

Soft sensor based on the solid
concentration with 6 = 0.05

Model of the FBRM® technology

The probe uses a focused laser beam that scans across the particles.
We model the measure as the Chord Length Distribution (CLD):

g(t,0) = C [ k(l,2)2(t, z)dz.

= k(¢, x) can be determined through a probabilistic analysis.

= (' is an unknown constant. The solid concentration can be used to
estimate (.

« One can apply the Tikhonov method directly on g, without using a
soft sensor.

= Proof that ¢ is sufficient to determine z uniquely (injectivity).

From CLD to PSD

Chord Length Distribution 1012 Particle Size Distribution
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Step 1: Estimation of Tz. Consider, for A < 0,
« We propose two new soft sensors for the online estimation of the

=P () = G.
. h . C <7 Iy | C(ﬂ[?) G y PSD in a batch crystallization process.
ow to have (¢ —Tz) ol 07 It 1s sullicient to satisty « The first one is based only on the solid concentration. This method
d7'z ATy has been tested on simulations. For better results, we prove that a

dt new sensor is required.

—

For the solution a of some PDE, one can choose

Tz(t) = /a:max a(t,z)z(t, x)dw.

Lmin

- The second one is based on a mathematical modeling of the FBRM®
technology, and has been experimentally tested. It allows to

reconstruct the PSD from the CLD, both numerically and
theoretically.

Step 2: Inversion of 1" 7

Tikhonov regularization method
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