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Rheological properties of solutions- viscosity
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Dependence of viscosity on reciprocal of temperature for aqueous

maltodextrin solutions.
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Rheological measurements were made with the
Physica MR 301 rotational rheometer (Anton Paar).
The measurements were carried out in the
temperature range of 20-90°C with the use of a
dedicated system of CC27-SN32556 coaxial cylinders
used for rheological tests of low-viscosity media.

B

T

A=-2.10"-c,,+0.009
B =54.702-C, , +939.46

Where:
T — solution temperature
C, o - initial solid concentration

n=A-exp
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Rheological properties of solutions — Surface tension

65
Surface tension measurements were made with the
.. K100 tensiometer, manufacturer KRUSS, using the ring
& ik, method (Du Noly) in the temperature range of 20-
... 80°C. For all tested concentrations, a typical negative
T - . temperature dependence of the surface tension
£ s . . change was observed, which was described by a linear
g ] ) relationship:
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Dependence of surface tension on temperature for aqueous Where:

maltodextrin solutions.
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T — solution temperature
C, o - initial solid concentration
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Spray drying experiments
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Spray drying experiments

e Spray drying experiments:

» Co-current configuration- minimization of the probability of
agglomeration * Aim of the project

Presentation plan

> Air flow rate: up to 400 Nm3/h > Selluiers Hissley
> Air temperature: up to 250°C
> Feed flow rate: maximum moisture evaporation rate 20 kg/h

*Spray drying
* SDD experiments

* Neural network

e Feed properties:
» Concentrations: 30, 40 and 50% « Conclusions

» Initial temperature: up to 90°C

& IFPRI IFPRI annual meeting 12-16.06.2022 6

International Fine Particle Research Institute



Lodz University of Technology
Faculty of Process and Environmental Engineering

Determination of single droplet drying kinetics

e Problems in determination of drying kinetics in spray drying:

: : Presentation plan
» Rapid evaporation

* Aim of the project

» Particle recirculation
» Problem in measurement system- separation of phases * Solutions rheology
» Particle agglomeration « Spray drying
» Limited access to spray drying installations _
* SDD experiments
» High costs
* Neural network
e Solution: * Conclusions
» Simplification of spray drying system into the single droplet drying (SDD)
measurments
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Determination of single droplet drying kinetics

GLASS FILAMENT ACOUSTIC AND MAGNETIC LEVITATION
Measurement of drying kinetics and  Measurement of drying kinetics and
visualization of the droplet during drying are visualization of the droplet during
relatively easy drying are relatively easy
Can be used in for high drying temperatures * Possible effect of the acoustic waves
Intrusion of filament into the droplet on mass transfer

Relatively large droplets
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 Low temperatures of drying

FREE FALL
Drying conditions close to those of a
spray dryer
Measurement of drying kinetics and
visualization of the droplet during
drying are complex and difficult
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Free fall measurement equipment
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Free fall measurement equipment

=—— Dried droplets/particles

Thermostated background

The particle/droplet
Adjust the background temperature temperature is aligned
with the background
temperature.
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View captured by the camera - exposure length limit
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Drying kinetic calculations dTp AT T
A 2nd drying stage 1st drying stage A dmp dt mpCp _(x P P ( A - P )

2
: jgi dt AH V Presentation plan
g é * Aim of the project
5 5
| :_E dd-l;p - determined from thermal measurements " Solutions rheology
X - > = m,C,- computed additively " Spray drying
Average moisture content o, - determined for spherical objects iSDhlexpenments
| Dt A, - determined from observation with a high- i) el
speed camera Fondsion:
T, - airtemperature (constant throughout the
- column)
T, - particle temperature from the background
C T et TP comparison experiment
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Maschine lerning
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Conclusions
Year Topic Status
1styear .
Y Presentation plan
1.  Adaptation of the existing equipment to the project requirements. In progress- Missing parts ordered
2. Selection of suitable experimental media and determination of quality criteria. | Done — selected maltodextrin DE12 * Aim of the project
1 3.  Measurements of rheological properties of aqueous solutions of selected | Done — viscosity and Surface tension
materials. * Solutions rheology

4.  Design of particle free fall SDD measurement system; In progres- We check the technical

possibilities and the availability of * Spray drying

equipment
1. Carrying out experimental drying processes and analysis of powder 2d year *SDD experiments
morphology obtained from different slurries and process parameters:
- Identification of the effect of feed properties, feed rate, air flow rate, drying * Neural network
temperature on powder morphology;
2 - Specification of mathematical relationships describing the drying and powder e Conclusions
properties;
1.  Experimental determination of critical moisture content of dried materials.
2. Construction and test of free fall drying kinetic determination system.
1. Mathematical modeling of changes in powder morphology depending on 3thyear
process parameters and feed rheological properties.
3 2. Carrying out experiments with the use of free fall drying kinetic system
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