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e Screening and selection of
sugar alcohols (SA) and sugar
alcohol blends (SA-blend)

* Key thermodynamics and

physical properties of selected
SA and SA-blends

* Undercooling, probability of
spontaneous nucleation and
crystal growth rates



SCREENING AND SELECTION
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Most of the systems show eutectic points
Those with melting point bellow 100°C have been considered
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SELECTED PRODUCTS FOR Tm :75°C-120°C
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FuLL CHARACTERIZATION
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LATENT HEAT as high as that of salt hydrates
BUT with no problems of separation, segregation and corrosion
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Specific heat capacity
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Solid: 1— 1.8 J/g/K
Liquid: 2.3 —2.8J/g/K
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SA-blends

Solid: 0.8 — 1.5 J/g/K
Liquid: 1.8 — 3.0 J/g/K




Thermal conductivity (solid phase)
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Less important than the
thermal conductivity in solid

0.36 - 0.46 Wm/K

Comparable to salt hydrates

No significant differences
between SA et SA-blends

No significant variation with
temperature
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Rheology - Viscosity

Dynamical Mechanical Analysis

0.5

03}

02}

U | T T T T T T

©  Erythritol (T = 130° C)

©  Xylitol (T = 105° C) At low shear rates,
Adonitol (T =110°C) || the SA and SA-

©  D-Mannitol (T = 175° C) blends behave as
X/E blend (T = 95°C) | Newtonian fluids

&P 0 B Do We 0 o 0

8% 883 8 8% P %0°8

10" 10’ 10
Shear rate dy/dt [ 5] ]



Measurements at constant shear rate

Viscosity (Pa*s)
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The viscosity increases Atoms mobility
rapidly when decreasing in the liquid
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Nucleation rates

temperature and becomes
very high in highly
undercooled melts

& crystal growth
kinetics




PROBABILITY OF SPONTANEOUS NUCLEATION

Within classical nucleation theory

For diffusion-limited crystallization

The nucleation rate under steady-state
conditions is governed by 2 exponential terms

activation energy activation energy for
regarding the atomic ~ the formation of
diffusion process critical nuclei
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At high undercooling, At small undercooling,
this term controls the this term dominates
nucleation

With increasing undercooling, the nucleation
rate first increases until a maximum value and
then it decreases
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MOREOVER, with increasing
influence of the T-dependence of
the diffusion term, the maximum
value of the nucleation rate is shifted
to higher T and it is lower
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The energy barrier for atomic diffusion and
For all the conformation changes is so high that the
products nucleation rate is almost zero. The induction

(except Erythritol)

time tends to infinity. The PROBABILITY OF
SPONTANEOUS NUCLEATION is negligible.



Nucleation cummulative distribution function
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CRYSTAL GROWTH RATES
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FACETED DENDRITIC DENSE-BRANCHING
GROWTH MORPHOLOGY
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CRYSTAL GROWTH
KINETICS

Growth is controlled by
rearrangement processes
only at the liquid-solid
interface and is therefore
interface-controlled

The rearrangement process
involves a diffusive jump
(diffusion-limited kinetics )
as well as conformation
changes for some SA

The modern form of the
Wilson-Frenkel model
represents adequately
observed crystal growth
rates
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Tm ~ 100°C
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FINAL SELECTION
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COMPARED TO WATER
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For seasonal storage applications, SA can provide total
energy density 4-6 times higher than that of water
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