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General context

of all electricity used
worldwide is consumed Consumption
by the refrigeration and Secondary Loops

air conditioning sector. (Low Refrigerant,
High Efficiency)

8% of Global GHG Emissions

To phase down high-GWP refrigerants (HFCs, HCFCs), the industry must
transition to highly efficient secondary refrigeration loops.
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General contexthase Change Slurry (PCS)

Low temperature PCMs » High temperature

O S — (Ice, hydrate, paraffin)  Apsorb heat

Store and release large amounts of energy as latent heat through a phase change

Surfactants Paraffine-based PCM Particles
(Pickering emulsions)

Hydrophobic  Hydrophilic

tal head
- ea Biopolymers: Cellulose nanocrystals (CNCs)

%%, S ' "/ Renewable resources

- s M . e I . .
Fossil resources :‘ifPCM'f"". R { PCM \ Low environmental impact
Loss of the sealing of  Aalies. — J \ High stability, resistance
the capsule ®oee Water Surfactant-free

Water  Micro-encapsulated paraffin emulsion
Require a simple heat exchanger to
ensure the phase change
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Work plan

1. Preparation of CNCs stabilized hexadecane-in-water (h/w) emulsion
2. Rheological behavior of h/w emulsion

3. Rheological behavior of h/w emulsion with AOT
a. Effect of solid hexadecane emulsion
b. Effect of AOT concentration

4. Influence of the cycling on the apparent viscosity
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CNCs preparation

!
Crystalline
regions

Acid H,S0,

hydrolysis

CELLULOSE FIBER

/

MACROFIBER

? MICROFIBER Y& "
MeEdons | reaiows )
CNCs
L=150-200 nm

Cellulose nanocrystals
(CNCs)

Native cellulose

Biopolymer
Low environmental impact
Renewable carbon
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CNCs stabilized hexadecane-in-water emulsion

J{;fi,‘;\\“""::‘:h\
) e g 4\
H oo ol Ultramix OO /// /4 /\
exadecane Hexadecane —> O MBS TN
Melting enthalpy = 235 kJ/kg — —— O s
Melting temperature = 18 °C 70 vol% /: l 5000 rom O O Nl by TS
Aqueous phase: —> l l --] 6 mirrw) ’ OO O \ \7, 4
Cl\clj%izfsr;[éi:es @ O O CNCGCs nans
—
\—/ 160 nm long and 10 nm thick
20 D=15pum
— 0 hours / \
16 b —— 24 hours 1 1
9 — 60 days
gr POl B 4 [P |O
E s o | o
~ O
4 @ W YD
15vol% 10vol% 5Svol% 1 vol%
0,01 0.1 1 10 100 1000

PCM 2026 | September 16-18, 2026 | Xi'an, BARIE diameter (um)



Paper 15

Experimental set-up for rheology

Circulating Visualisation
pump cell
80 4 - 4,0
—  FlOW rate
70 - e = Pressure drop [ 35
60 + - 3,0
5 50 - L 2,5
£ R
s
S 40 - - 2,0
- et
E 30 - - 1,5
20 - L 1,0
10 T T T T T T T T T T 0,5
. . 0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000
\Volume Differential Time (sec)
flowmeter pressure gauge

PCM 2026 | September 16-18, 2026 | Xi'an, China.

Pressure drop (mbar)



Paper 15

Experimental set-up for rheology

Circulating Visualisation

s Differential pressure
pump cell ===t Volume flowmeter 2 - >
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Ostwald- de Waele model:

Apparent viscosity:

Volume Differential
flowmeter pressure gauge
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Rheological behaviour of liquid and solid H/'W
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Adding of AOT —

AOT (Dioctyl Sodium
Sulfosuccinate): Anionic surfactant,

Native Emulsion

|70=15|Jm4¢

Effect on droplet size

Emulsion + AOT

¢ ) 4 J

highly miscible in apolar solvents.
. L)
e ®e
t 5 Oo% .
1.40nm| § 00 O
,, &
15 vol% 5vol%
1.00 nm
J21.00 The Base Shift
Adding just 0.5 wt% AOT actively
reduces mean droplet diameters

CNCGCs

1. AOT adsorbs onto
the CNCs surface

2. Synergistic interaction
sharply decrease interfacial

tension at h/w boundary
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across all tested concentrations.
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Concentration Impact _

At 10 & 15 vol% HD, size drops from 15.2 pm to 13.2 pm.

At 5 vol% HD, the size drops drastically to 4.5 Jm (a higher
proportion of AOT relative to HD/CNCs maximizes the interfacial tension drop).
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Adding of AOT — Effect on agglomeration

AOT (Dioctyl Sodium
Sulfosuccinate): Anionic surfactant,
highly miscible in apolar solvents.
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Introduction of AOT completely prevents
the agglomeration of solid HD particles.
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Rheological behaviour of H/W emulsion with AOT
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At 0.5 wt% AOT

v Apparent viscosity of the PCS increases
as a function of the HD solid fraction.
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At 15 vol% HD

v Apparent viscosity of HD slurries decrease as
a function of AOT concentration but needs
to be adjusted.
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Rheological behaviour of H/W emulsion with
optimal AOT concentration

7
Amount of AOT added was calculated in
relation to the total surface displayed by 6 v
the HD droplets () in the emulsion. —HD5%_AO0T0.25%_mod
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Pumplngeffect on droplet S|ze and apparent

® ®
Cycle O Cycle 4 Cycle 10

20 —_ chIe 0 ° —Cycle 1_25°C
— Cyclea Gear pump effect: Mechanical shear | ‘ eneCycle2_11°C

16 } .
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5o | droplets during cycling. 7 ¢ --Cyded_t1°C
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g 8 . . = 3 ----Cycle 6_11°C
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Conclusions

v" First successful validation of biostabilized PCM slurries under continuous
loop flow.

v" Shear-thinning behaviour ensures high-energy transport with minimal
pumping penalty.

v" CNCs + AQT create a robust, pump ready secondary fluid that actively
resists agglomeration.

Further work

“ Ensure the long-term stability of these emulsions under continuous
operating conditions and the potential formation of AOT aggregates at
higher concentrations.

“ Understand impact of shear rate on droplet size control.
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Adding of AOT — Effect on droplet size

AOT (Dioctyl Sodium
Sulfosuccinate): Anionic surfactant,

highly miscible in apolar solvents. 20 | ___ Hp 30%- AOT 0% a 20 | Before test- AOT 0% b
—— HD 15%- AOT 0.5% Before test- AOT 0.5%
16 | —— HD 10%- AOT 0.5% 16 | —— After test- AOT 0%
s — HD 5%- AOT 0.5% < ——— After test- AOT 0.5%
4 gu g 12 |
=5 (]
1.40 nm é o %
w8 s 8
4 4
1.00 nm
1.27 nm
0 0
0,01 0,1 1 10 100 1000 0,01 0,1 1 10 100 1000
Droplet diameter (um) Droplet diameter (um)

PCM 2026 | September 16-18, 2026 | Xi'an, China.



Paper 15

12

10 -

I app (MPa.S)

0

Comparison with literature results

-
-
-

-
-

-
-
-
-
-
-
-

-
-
-
-
-
-
-
-
-

-
-
-

-
-
————————
- = -
-

-

-
-
-
-
-
-
-
-
-
-

-
- -
-

- - - -
g A - s e on en on o o e o
s - - - - e e

PCM 2026 | September 16-18, 2026 | Xi'an, China. d) S

_ = HD without AOT (This work)
e HD + AOT 0.25 wt% (This work)
e HD + AOT 0.5wt% (This work)
= HD + AOT 1wt% (This work)
====C02 hydrate + AOT 0.2 wt% slurry (Salehy et al., 2023)
-===C02 hydrate + AOT 0.3 wt% slurry (Salehy et al., 2023)

-~-CO2 hydrate + AOT 1 wt% slurry (Salehy et al., 2023)
----- CO2 hydrate slurry without tank (Delahaye et al., 2008)
_r_—:‘_'_'::::—::__--------—::::=====""' ----------
— e
[ T
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10%

v' Significant impact of
flow behaviour of PCS
with AOT.

v' CO; hydrate slurries,
the viscosity values are
nearly twice as high as
those found in H/W
dispersions at the same
AOT concentration and
solid fraction.



