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Thermodynamic study of working fluid pairs for an

"Université Clermont Auvergne, CNRS, ICCF, F-63000 CLERMONT-FERRAND, France

Vapor absorption refrigeration (VAR) technology is a good alternative to High pressurs
conventional compression refrigeration. However, in addition to the low
coefficient of performance of this technology, the fluids used have specific

drawbacks that prevent wider use. ___X_ ______

To promote this technology, the present work investigates new potential
natural refrigerant/absorbent pairs. The detailed knowledge of the
thermodynamic properties of the working fluid pairs is crucial to retrofit
and modify VAR process.
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In this study, carbon dioxide (CO,) has been selected as the natural refrigerant and the
absorbent is a bio-based solvent (BBS) with low volatility and strong affinity to the former.
Four BBSs are investigated namely cyrene (CYR), propylene carbonate (PC), anisole (ANI) and
Y-valerolactone (GVL). New experimental vapor-liquid-equilibria data for {CO2+BBS} systems
are determined, using a calorimetric and a spectroscopic technique. The experimental results
are then used to develop an appropriate thermodynamic model capable of reproducing phase
equilibria in order to compare the CO, solubility in the different BBSs at the operating
conditions of VAR cycle in the future.
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customized mixing flow unit adapted to a SETARAM C80 heat conduction CO, solubility limit in the BBS and the heat of desorption. |
differential Calorimeter at Constant temperature and pressure. ) é ‘J‘?f:‘....’..&, ...... PP S 7 S > J—

) T ra— g“ .:_.;.-::‘I.x....‘..x .......... P L S S——
High pressure and § §§§§ﬁ§ . % ¢ $ 10 ,‘-‘?G :‘A
Pressure gauge micrometric > 6 # o o A
@ ﬂ valves 5 | f E 2 ”‘ v e CYR
— @ . : ~ ey o PC
- , = 4 % a :loading charge related g L5
& ﬁ ﬁ U X X | S i to the CO, solubility limit T o1 " "C:U'L
5 ﬁ ~ " in cyrene at 313.15 K and < i
v 5 C Buffer E 1 4,0 MPa
2 & © 2 volumes E ’ 0 ' ' ' ' ' ' ' ' '
Q- L | | <| . 0 0,2 0,4 0,6 0,8 1
§§ <%>4__ Preheater | - vemm Lemm 0 02 04 06 08 1 12 14 16 18 a (mol CO, / mol BBS)
§ é . gg l l a (mol CO, / mol cyrene) 14
22 T w r . . o T —
E Measurement’ £ ;E E . A IH : Heat Of ~ ‘0.0.‘" . . °
’6 == : N e T RO L SO O 10 A
= cel E E; Mixing 3 u H ;#éﬁh ¢ desorption of CO, N Y, SOy ' T A
Interfac ””‘. i’:-E point -, S ¢ ° “.'O ; ! L4 A ‘ ¢ ‘ °
e Rs232 —ig R K 10 a - o a0t .
Thermopile . & & ° CYR N *
D E PC for data M o 8 1 ° ~ 4 *PC A,
Z‘ \ acquisition ;;;m — | . ; 2 AN
Setaram G11 Reference cell ITv’w 0 <|§ 2 L
temperature control Platinum sensor < . .
unit Calvet calorimeter 0 0,2 0,4 0,6 0,8 1 1,2 0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 08
(Setaram, c80) a (mol CO, / mol cyrene) a (mol CO, / mol BBS)
Schematic view of the calorimetric device for mixing Enthalpy of solution (-A, ,H ) of CO, in cyrene vs loading charge (a) Enthalpy of solution (-A, ,H ) of CO, in four different BBS
enthalpies at 313,15 K and 4,0 MPa vs loading charge (a) at 333,15 K and 4,0 MPa

Spectroscopic technique Results
Knowing CO, solubility in the solvent at a given pressure and Spectroscopic measurements are performed at constant
temperature, the spectroscopic technique allows us to determine the temperatures and pressures. ’
solubility at that same temperature and at various pressures. 5 " g
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Thermodynamic modeling

The experimental Vapor-Liquid-Equilibrium (VLE) data for CO,—BBS system are described

using the Soave-Redlich-Kwong (SRK) equation of state [1,2] :
RT aa(T)
P = —
With : v—b v(+b)

1 Soave alpha function a(T)
d Van der Walls mixing rules and binary interaction parameters :

4 )
aa = zzzizf\/(“ a)i(a a)j(l — kij) One parameter to determine using
i “Simulis Thermodynamic Software”

b= Y;z;b; loy minimizing : F = Z(Pexlfe;l;ml)j

Our experimental measurements and those from the literature [3-8] are used for model

parameter estimation.

Results
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Conclusion

1 The calorimetric technique allowed to determine simultaneously the solubility of CO, in BBS and the heat required to separate it from the absorbent.

(d To avoid using large amounts of solvent and time consuming solubility measurements, an original approach combining the calorimetric technique and IR spectroscopy is used to rapidly evaluate BBS for VAR process.
O At 333,15 K and 4,0 MPa, the highest CO, solubility is observed for GVL and the lowest energy required to separate CO, from the solvent is obtained with anisole.

(d SRK equation of state is capable of correlating experimental values and can be used process simulation.
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