N

N

Solubility of CO2 in methanol, ethanol, 1,2-propanediol
and glycerol from 283.15K to 373.15 K and up to
6.0 MPa

Marie Décultot, Alain Ledoux, Marie-Christine Fournier-Salatin, Lionel Estel

» To cite this version:

Marie Décultot, Alain Ledoux, Marie-Christine Fournier-Salaiin, Lionel Estel. Solubility of CO2 in
methanol, ethanol, 1,2-propanediol and glycerol from 283.15 K to 373.15 K and up to 6.0 MPa. Journal
of Chemical Thermodynamics, 2019, 138, pp.67-77. 10.1016/j.jct.2019.05.003 . hal-02328159

HAL Id: hal-02328159
https://hal.science/hal-02328159
Submitted on 25 Oct 2021

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial 4.0 International License


https://hal.science/hal-02328159
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://hal.archives-ouvertes.fr

Version of Record: https://www.sciencedirect.com/science/article/pii/S0021961418311649
Manuscript_0398{3b6927dc020dfd4444d70d4debl

Solubility of CG, in methanol, ethanol, 1,2-
propanediol and glycerol from 283.15 K to 373.15 K

and up to 6.0 MPa

Marie Décultot*, Alain Ledoux, Marie-Christine Fournier-Salain, Lionel Estel
*mar ie decultot @insa + ouen fr

Normandie Univ, INSA Rouen, UNIROUEN, L SPC, 76000 Rouen, France

Key Words: Carbon dioxide, Solubity, Henry’s law constant
ABSTRACT:

Capure, storage and valorisation of e efficient solutions to reduce the emissions of
greenhouse gas. To improve these technologies, there is a need to have a good knowledge of the
interactions between G@nd some current solvents. In this article, the solubity of @O
methanol, ethanol and 1,2-propanediol is measured by a constant-volume method for
temperatures between 283.15 K and 373.15 K and for pressures below 6.0 MPa. The same
method is used for glycerol for pressures upto 2.0 MPa. For all of the studied solvents, the
solubity increases when temperature decreases and when pressure increases. No | terature data

was avaliable for this wide range of temperature for ethanol, methanol, 1,2-propanediol and
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glycerol . Henry’s law constants are calculateddach temperature and are compared betweento
one another. The solubiity of G@ these solvents increases in the following ordircerol <

1,2-propanediol < methanelethanal.

1. Introduction

With 34 Gt emited each year in the atmosphereharadioxide is the most human emited
greenhouse gases in the world. These emissionsnareasing due to an economic and
demographic growth, which imgies an elevation lo¢ tonsumption of fossi energy[l]. The
elevation of the global temperature can reach up t®°C in 2100 if these emissions are not
limted. Capture and storage of ¢iave received a lot of attention as a solutiorethuce these
emissions[2]. In addtion, to face up to the racean of fossi fuels and in a perspective of
crcular economy, the valorisation of €8 developing. In this new chemistry, €9 no more
seen as a waste but as a source of carbon useddacp value-added chemicals[3]. However,
only few examp es are developed on the industcalles

In this context, our work is focused on the sysifi®f organic carbonate by associating,CO
with alcohol or diol or glycerol. The main carboestthat could be obtained are
dimethylcarbonate, diethylcarbonate, propylene maate or glycerol carbonate. Due to ther
very low toxicty, they have many potental appioas |ke fuel addtive, solvent or
monomer [4]. Currently, they are produced by usiogna toxic and harmful components | ke
phosgene. The synthesis via the route €@l cohol ) has been provento be the mor e intiegest
concerning the envronmental aspect and the seatiest of CQ[5].

Many homogeneous and heterogeneous catalysts kawe ésted for this synthesis[6,7]. Some
of them give high selectiviy but the yield is stlow because of the unfavourable

ther modynamics of the reaction. Chemical reactiake pace at about 373.15 K and pressure



unti 6.0 MPa. To study the kinetics of this reantiit is important to take into account the data
of phase equiibria inthese condtions.

The aim of this article is to provide a wide ramgfesolubity of carbon dioxide in four
different solvents: methanol, ethanol, 1,2-propasiednd glycerol. The experiments are
performed by a constant-volume method at tempeeatbetween 283.15 K and 373.15 K and
pressures upto 6.0 MPa for methanal, ethanol a2wirbpanediol . This range of temperature is
higher than the one shown in lterature data. Bield ty of CO, in glycerol is measured wih
the same method and for pressures below 2.0 MRg.dDe data set is available inthelterature
for this range of pressure [8]. The original tytbis paper is to present new relevant data about

CO;solubity into alcohols.

2. Experimental
2.1.Materils.
The source and the purty of all compounds useddaser ibed in Table 1. All the chemicals
are used as received. Water contents of ethanohamel, 1,2-propanediol and glycerol were

deter mined using Metrohm Karl Fischer coulometed t&9ator .

Volume Mass Analysis Purification
Chemical name CAS Sour ce fract_loan fraction Method method
purity of water
Carbon
124-38-9  Air Liguide 0.999 -
Dioxide
Fisher
Absolute 64-17-5 > 0.995 0.0003 Karl - -
ethanol Scientific Fischer
Fisher
Absolute 67-56-1 > 0.995 0.0002 Karl - -
methanol Scientific Fischer



1,2-

57-55-6 Alfa Aesar 0.995 0.0028 Karl - -
propanediol Fischer
Glycerol 56-81-5 Applichem 0.99 0.0028 Karl - -
Parreac Fischer

4 The purity was provided by the supplier
Table 1. Chemical compounds used in this study.

2.2 Apparatus

Figure lrepesents a schematic diagram of theratpgaused to measure the solubity. The
experiments were carried out in a stainless steélfrom Mettler-Toledo with a capacty of
1.61L (x 0.01L). The cell was equipped wih tvesrtperature sensors, one for the liquid in the
vessel (Tr) and one for the jacket (Tj). A heatrear fluid crculated through the jacket to
regulate the temperature in the vessel wih anracgwf + 0.01 K. The pressure inside the cell
was also measured by a pressure gauge wih anaayoof = 0.01 bar. An anchor type agtator

was used to str the solution at about 300 r pms Kind of reactor is described in more detal by
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Figure 1 Schematic diagram of the apparatus: 1. cellaggt, 3. vacuum connector, 4. e\

valve, 5. strrer, 6.liquid inlet, 7.liquid outle. buffer tank, 9. C@gas cylinder



Ballandet al.[9].

The CQ cylinder was connected to a stainless steel buffiek wih a capacty of 2.12 L
(£ 0.01L). The temperature (Tb) and pressure (Pibhis buffer tank were recorded wih two
sensors wih accuracies of + 0.01 Kand £ 0.0Irbapectvely. A valve controlled the injection
of CO, fromthe buffer tank to the cell. All the tempamads and pressures measured during the
experiments wererecorded continuously using aniatgpn system.

2.3 Experimental procedure.

Before each experiment,an amount of nirogen wgstied in the cell and the pressure was
recorded during 2 hoursto test the gas|eakagleesd pparatus. Then,the cell was emptied wih
a vacuum pumpto 100 Pa. The temperature in thevad maintained at 283.15 K and around
800 mL of solvent were injected into the cell thgbuhe liquid inlet. The exact weight of the
solvent injectedms was measured, with an accuracy of + 0.2g, by abdoweighing of the
bottle containing the solvent: before and after ithection. The mixture was strred during all
the experiment at around 300r pm. The cell was eahgigain wih the vacuum pumpto be sure
that there is no inert gas in the cell. The buféek was purged with CQhreetimes andthen t
was filed wih CQ. After few minutes the pressure and the tempeeatuthe buffer tank were
constant. An amount of GQvas injected in the cell to obtain approximately MPa, the
temperature in the cell was maintained at 283.18Ken the pressure and temperature were
stabiised, the temperature was raised from 28R 1fp to 373.15 K by step of 10 K. At each
step, we considered that the equiibrium was redaclieen the pressure was constant. The
stabiisation period to reach this equiibrium deged on the solvent used: for the ethanal,

methanol and 1,2-propanediol the stabiisation tiw@s about 50 minutes. A total of 150



minutes was used for the glycerol because the gtsorof CQ in glycerol is a very slow
process. At the end of the experiments, three astegps at 343.15 K, 313.15 K and 283.15 K
were made to control the repeatabity. Thankshi tmethod, we insured that there is no
leakage, that C£did not react wih the solvent and that the sisdiion time was sufficiently
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Figure 2: Evolutions of temperature{ ) andspueese= )in the cell during the experiment ,2-fg opanediol

long. When the temperature in the cell came back8®15 K, the pressure was increased by
introducing CQagain. Several injections of G@ere made for each solvent. The temperature
and pressure in the cell recorded during all theeeinents are gotted in Figure 2 for the 1,2-

propanediol .

3. Resultsand discussion
3.1 Calculation of the solubity

The CQ solubity inthe solvent is expressed using tleéenfraction :



sol
x=—co2 Eql

sol
nC02 + ns

introduced in the cell which is calculated as :

- M
n, = Eq 2
Y q

S

Heremscorrespondsto the mass of solvent injected ircleandMs is the molar mass of the

solvent.

The moles of C@absorbed inthe solvent are calculated by a naasbe:

sol

oo, = Net, ~Noa Eq 3

n co, co,

nggz is the amount of C&at the equiibrium in the gas phase inthe cell.

ng’gz is calculated by the difference of the amount @.Gh the buffer tank before the

injection u¢p,) and after the injectiotngo, ):

N&o, = Neo, ~Neo, Eq 4
All the amounts of C®in the cell and in the buffer tank were calculabgdusing the Peng-

Robinson equation of state[10]:

_RT ___a()a

= Eg 5
% y-b VvZ+2vh-b? g

R

TheTrrepesentsthetemperature of the cellaisdhe molar volume of COaandbaretwo

constants calculated wihthe following equations:

RTY
® P

Cc

a=Q



Q,=0.457,0,=0.07780;
Tc=304.25 KandPc =7.382 MPa arethe crtical temperature and presfuG,.
a(Tr) is a function of the temperature inside the cell af the CQacentric factor which is
equal to 0.228:
a(T,) =[1+m@-(T, /T.) ") Eq8

m=0.374640r1.54226@u— 0.26992° Eq9

We assumed that liquids are ideal and follow theuRds law to calculatethe partial pressure
of COat each equiibrium inthe cell:

P, =P

cell

o = -Ry @—x) Eq 10

wherePce representthe pressure measured in the cell by the transduatP;;, corresponds
tothe saturated vapour pressure of the solventledkd for each temperature in Table 2 using
the Antoine’s equation. The Antoine’s coefficielaree reported in Table 3. These calculated
saturated vapour pressures are in good agreement| ierature data [11-13]. The vapour
pressures of ethanol in this range of temperat@reewneasured in the cell to ensure that the

residual pressure correspond tothese calcul atgmlvar essures.

Temperature/K | 283.15| 293.15 303.15313.15| 323.15| 333.15| 343.15| 353.183 363.15373.15
0.01P°ethanc /P2 | 0.074 | 0.130| 0.219 0.354 0555 0.845 1.251 1.807 532/53.534
0.0P°%uhan/Pa | 0.031 | 0.059| 0.108 0.179 0.294 0.468 0.722 1.083 821/52.258
0.0 1'/2F;§°pa”edi°' 0.002 | 0.003| 0.006 0.011 0.019 0.0

Table 2. Saturated vapour pressure of methananetiand 1,2-propanediol for temperatures

from 283.15 Kto 373.15 K



Temperature/K A B C References
Methanol 283.15 — 373.15 5.20409 1581.341 335 [14]
283.15 — 343.15 5.37229 1670.400 ~40.191 [15]
Et hanol
343.15 - 373.15 5.24677 1598.678 _46.424 [14]
1,2-propanedioll 32315 - 373.15 6.07936 2692.187 -17.94  [16]

Table 3. Antoine’s coefficients[17] used to cal telehe saturated vapour pressure of methanol,

ethanol and 1,2-propanediol wihthe following edaa, wih Plsl-q in bar andl'in K:

B
Log(RS)=A-——
Og( Ilq) T+C

3.2. Reliabity of the apparatus

The standard uncertainty of the solubity for eaqgi ibrium was calculated from:

2 2
& _ [[ang)) (8 +ny)
e ) e e,

— — Eq 11
_ o) +6nE)* ) [ S(nEh)* + SnEY)? +6(n,)*
négzz (n(s%z + )’
o) _ (9 (80 (M) Eq 12
o, R v T

wherePi, TiandVicorrespond respectivelytothe pressure,temperand volume of Ceat
the equiibrum in the cell fo(nzg ) and in the buffer tank before injection ®nzy, ).

And ;} is estimated by:

3(n) = % Eq 13

S

3.3. Resultsand discussion



Table 4to Table 7report the partial pressure ©f & the equi ibriunPco, the solubityx
and the estimated standard uncertaintiefor the absorption of COn ethanol, methanol, 1,2-
propanediol and glycerol. The calculated standamndetainties are below %003 which

repesents mainly (1-2) % of the values of solupilr each solvent.

Figure 3to Figure 6repesent the partial pressti@0O, potted against the solubity for the
four solvents for each temperature. As expectesl sthubity for each solvent increases when
the pressure increases but decreases when therttunpeincreases. In the temperature and
pressureranges studied, linear pots are obtdieedeen partial pressure of €&nd solubity.
For ethanol, methanol, 1,2-propanediol and glyceatat correlation coefficients obtained for
each temperature were higher than 0.997. In oge ahtemperature and pressure,the solubity
of COy is proportional to the pressure of the gas overstdhvent ,according tothe Henry’s law:

Pcoz2 =Krix Eq 14

The kyrepresentsthe Henry's law constant. I refer sieodlope of the | in@cozto x. All the
Henry’s law coefficients are reported in Table &ngparisons of the Henry’s law constants
obtained in this work and in the I terature arerespnted in Figure 7 and Figure 8 whkgeis
plotted against the temperature for methanol ahdreil . The solubity of C®in methanadl is
the most studied alcohol ,the data of eleven &t gre potted in Figure 7. [18-28]. For ethanal,
the comparison wih seven articles is made in Edf21,25,26,29-32]. These data are in good
agreement wih our results,this comparison vaédatur method to measure solubity. t can be
seen in Figure 7and Figure 8that Henry’s law tamisis generally determined for temperatures
lower than 353.15 K, so our work presents new \sabiesolubity for higher temperatures upto
373.15 K.

Only two articles have been found about the sotyldf CO, in 1,2-propanediol [25,33]. The

1C



Henry’s law constants in these two works are défiferas we can see in Figure 9. Our work is
closer to the results obtained by Galwvetaal[33] than to the results from Get al[25]. This
difference can be exgained by the degassing o$oheent . Indeed, Galvagt al.used a method
todegasthe solvent before t is used, so thendiconsider any inert gas. On the contrary, Gui
et al.did not use any degassing method but consider edhaunt of inert gas. This gas could
have an impact on the solubity of gQvhich could exdain this difference. In our worke
also degassed our solvent by evacuating the cethwhe solvent was inside. Thanks to this
method, we ensured that no inert gas interactdativé sol ubi isation of CQOn the solvent. This
difference in the methodology could expgain why oesults are closeto the results of Galeao
al. In some other works, researchers studied thebbbjuof 1,2-propanediol in supercriical
carbon dioxide [34] or the phase equiibria for pemature higher than 373.15 K [35]. These
results are not comparable to ours.

For glyceral, only one | iterature reference hasnbieaind which is represented in Figure 10
[8]. The Henry's law constants obtained by Ostoatal.are very simiar to our results. Some
other papers studied the solubity of £@ glycerol but for higher pressures[36—38], whidre
Henry’slaw is not appicable.

Al the Henry’s law constants for the four solveaire reported in Table 8 and potted in
Figure 10. Methanol and ethanol have a simiar bela toward the solubity of COCG; is
less soluble in 1,2-propanediol and very slightbyuble in glycerol. These results are in
agreement wihthe exganation given in previousists[25,39] wherethe solubity of a gas in a
solvent is divided in two main steps: frst, théemnactions solvent-solvent must be broken to
create cavties, and then the solute molecules fhutdtese caviies with the interaction solute-

solvent. In our case, we have two alcohols, 1,2@nediol wih two hydroxyl groups and

11



glycerol withthree hydroxyl groups. This differ enio the structure of molecules can exdainthe
difference observed in the solubity of €dndeed, the hydroxyl groups can form internal
hydrogen bond, so glycol which has 3 hydroxyl gohas a better internal interaction than 1,2-
propanediol. That could exdain why t absorbes IES} than 1,2-propanediol . Simiarly, the

internal interactions of 1,2-propanediol are stesripan the interactions between alcohols.

12
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Figure 3. Pressuresolubity diagram for eGnd liquid methanol atdifferent temperature

® T=28315K;m, T= 293.15K; ¢, T = 303.15K; A T =313.15K; O, T = 323.1%;

O, T=333.15K; ¢, T = 343.15K;A, T = 353.15K; +, T=363.15 K;x, T = 373.15 K. Bo, is the
partial pressure of G inthe cell at the equiibrium, and x is the mivkection of CQ in theliquid phas

60
373.15K ,A
.
y =316x x PSS
50 | R2=0.9996 | - SRt 323.15K
P -7 Pu]
- P - - - y=205X
P4 A Phe .-
-
Ll o |R?=0.9994
Lo . - .-
-
a0 | x// - - D/’ ’/’ A
-
o SO .-
/’, - P ’/’ _e- _--
© L’ - ,A’/ - - _- —’4
o e -7 - A-7 --
S 30 ce e T T LT -- ="
el B - - .- -
= NPl A e .- —--
o~ “ rd - - ” a’ - - -
8 L PPy - - -- - - ---"®
O //”/’,/ f/// ”,’ ”,A —"— _-" _ =
- -
a 5L SOOI SO _ .- 283.15 K
(@) //’,/,’/”/’6 ”— - m---  _---- _
A APy S - =" y = 106x
”, - - - - -
s e T R* =0.999
B AL -
-, - - - -
10 R PP
Z _
L2222 2Nt
-2 -
£22222<2<
£222==-
A
0 J. L L L 1 " 1 1 1 1 1 1 1 1 1 1 1 1 1 1 L L L L
0.00 0.05 0.10 X 0.15 0.20 0.25

Figure 4. Pressure-solubity diagram for €@nd liquid ethanol atdifferent temperature

® T=28315 K;m, T= 293.15K;®, T = 303.15K; A T =313.15K;0, T = 323.1X;

O, T=333.15K; ¢, T = 343.15K;A, T=353.15K; +, T = 363.15 K;x, T = 373.15 K. Bozis the

partial pressure of C; inthe cell at the equiibrium, and x is the mbiaction of CQ in the liquid
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Figure 6. Pressure-solubity diagram for €@nd liquid glycerol atdifferent temperature
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O, T=373.15 K. Bozis the partal pressure of G@ the cell at the equilibriunand x is the mol
fraction of CGQ intheliquid phase.
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10°Pco,/Pa X &x 10 Po,/Pa X 6x
T=283.15 K T=293.15 K
0.79 0.0072 0.0001 0.94 0.0070 0.0001
4.79 0.0439 0.0002 5.73 0.0425 0.0002
8.78 0.0811 0.0003 10.52 0.0786 0.0003
12.74 0.1203 0.0004 15.30 0.1169 0.0005
16.73 0.1616 0.0006 20.15 0.1572 0.0007
20.73 0.2048 0.0008 25.08 0.1993 0.0009
T=303.15 K T=313.15K
1.12 0.0067 0.0001 1.27 0.0065 0.0001
6.71 0.0412 0.0002 7.70 0.0400 0.0002
12.33 0.0763 0.0004 14.17 0.0741 0.0004
17.98 0.1135 0.0005 20.72 0.1103 0.0006
23.76 0.1527 0.0007 27.46 0.1485 0.0008
29.68 0.1938 0.0010 34.43 0.1886 0.0011
T=323.15K T=333.15K
1.42  0.0064 0.0001 1.56 0.0063 0.0001
8.70 0.0389 0.0002 9.69 0.0380 0.0003
16.00 0.0722 0.0004 17.83 0.0705 0.0004
23.48 0.1075 0.0006 26.22 0.1049 0.0006
31.20 0.1447 0.0008 34.93 0.1413 0.0009
39.23 0.1838 0.0011 44.05 0.1795 0.0012
T=343.15K T=353.15K
1.67 0.0062 0.0001 1.79 0.0061 0.0001
10.64 0.0372 0.0003 11.58 0.0365 0.0003
19.61 0.0690 0.0005 21.33 0.0678 0.0005
28.90 0.1027 0.0007 31.52 0.1009 0.0007
38.60 0.1384 0.0009 42.16 0.1361 0.0010
48.71 0.1760 0.0013 53.41 0.1730 0.0014
T=363.15 K T=373.15K
1.89 0.0061 0.0001 1.96 0.00610 0.0001
12.47 0.0360 0.0003 13.31 0.03558 0.0003
22.98 0.0668 0.0005 24.56 0.06617 0.0005
34.00 0.0996 0.0007 36.43 0.09855 0.0008
45.61 0.1343 0.0010 48.95 0.13295 0.0011

& Sandard uncertainties u ar®yd,) = 1 Pa and () = 0.01 K

Table 4. Partial pressure of €QPcoy), solubity ) and standard uncertaintidi ) of CG; in

liguid methanol from 283.15 Kto 373.15 K at theigigr ium®.

15



107Po,/Pa X 6x 107Po,/Pa X Ax
T=283.15K T=293.15 K
0.82 0.0075 0.0002 0.96 0.0072 0.0002
5.67 0.0505 0.0004 6.61 0.0489 0.0004
10.59 0.1010 0.0006 12.39 0.0980 0.0007
15.51 0.1433 0.0008 18.27 0.1402 0.0009
20.44 0.1914 0.0012 24.18 0.1860 0.0012
24.68 0.2369 0.0015 29.36 0.2305 0.0016
T=303.15 K T=313.15K
1.10 0.0070 0.0002 1.24 0.0068 0.0002
7.56 0.0474 0.0004 8.51 0.0461 0.0004
14.22 0.0953 0.0007 16.03 0.0929 0.0007
21.09 0.1364 0.0009 23.89 0.1331 0.0010
28.03 0.1810 0.0013 31.87 0.1765 0.0014
34.19 0.2243 0.0017 39.05 0.2188 0.0018
T=323.15K T=333.15K
1.35 0.0067 0.0002 1.47 0.0066 0.0002
9.43 0.0450 0.0004 10.29 0.0441 0.0004
17.81 0.0908 0.0007 19.52 0.0891 0.0008
26.64 0.1302 0.0010 29.32 0.1279 0.0011
35.65 0.1727 0.0014 39.37 0.1696 0.0015
43.85 0.2141 0.0019 48.54 0.2103 0.0019
T=343.15K T=353.15 K
1.57 0.0065 0.0002 1.66 0.0065 0.0002
11.13 0.0434 0.0005 11.91 0.0429 0.0005
21.17 0.0878 0.0008 22.74 0.0868 0.0008
31.87 0.1262 0.0011 34.32 0.1249 0.0011
42.90 0.1673 0.0015 46.29 0.1657 0.0016
53.07 0.2075 0.0020 57.38 0.2056 0.0021
T=363.15 K T=373.15K
1.73 0.0065 0.0002 1.78 0.0066 0.0002
12.62 0.0426 0.0005 13.28 0.0425 0.0005
24.72 0.0840 0.0008 26.12 0.0838 0.0008
36.64 0.1242 0.0011 38.81 0.1239 0.0012
49.51 0.1647 0.0016 52.53 0.1645 0.0016

& Sandard uncertainties u ar®yd,) = 1 Pa and 0 = 0.01 K

Table 5. Partial pressure of €QPcoy), solubity ) and standard uncertaintidi ) of CG; in

liquid ethanol from 283.15 Kto 373.15 K at the uium®.
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10°P0,/Pa X 5x 10°Po,/Pa X 6x
T=283.15 K T=293.15 K
0.98 0.0044 0.0003 1.08 0.0042 0.0003
4.90 0.0232 0.0005 5.44 0.0217 0.0005
8.81 0.0412 0.0007 9.76 0.0388 0.0007
12.84 0.0599 0.0009 14.26 0.0562 0.0009
16.86 0.0794 0.0011 18.76 0.0744 0.0012
20.86 0.0985 0.0013 23.25 0.0922 0.0014
24.87 0.1180 0.0016 27.81 0.1101 0.0017
T=303.15 K T=313.15K
1.19 0.0039 0.0003 1.29 0.0037 0.0003
5.94 0.0206 0.0005 6.40 0.0197 0.0005
10.66 0.0368 0.0007 11.52 0.0351 0.0007
15.58 0.0532 0.0009 16.84 0.0509 0.0010
20.56 0.0704 0.0012 22.26 0.0672 0.0012
25.51 0.0872 0.0015 27.65 0.0832 0.0015
30.60 0.1038 0.0017 33.24 0.0990 0.0018
T=323.15 K T=333.15K
1.38 0.0035 0.0003 1.48 0.0034 0.0003
6.84 0.0190 0.0005 7.26 0.0185 0.0005
12.32 0.0338 0.0008 13.08 0.0328 0.0008
18.02 0.0490 0.0010 19.15 0.0476 0.0010
23.87 0.0647 0.0013 25.40 0.0628 0.0013
29.69 0.0802 0.0015 31.61 0.0779 0.0016
35.74 0.0953 0.0019 38.13 0.0926 0.0019
T=343.15 K T=353.15K
1.56 0.0033 0.0003 1.64 0.0032 0.0003
7.66 0.0180 0.0005 8.03 0.0177 0.0005
13.80 0.0321 0.0008 14.48 0.0316 0.0008
20.22 0.0466 0.0010 21.24 0.0458 0.0010
26.86 0.0615 0.0013 28.25 0.0605 0.0013
33.47 0.0763 0.0016 35.22 0.0752 0.0016
40.41 0.0908 0.0019 42.58 0.0897 0.0019
T=363.15 K T=373.15K
1.72 0.0031 0.0003 1.79 0.0031 0.0003
8.39 0.0175 0.0005 8.73 0.0174 0.0005
15.13 0.0312 0.0008 15.75 0.0311 0.0008
22.21 0.0454 0.0010 23.13 0.0452 0.0010
29.57 0.0600 0.0013 30.84 0.0598 0.0013
36.92 0.0746 0.0016 38.53 0.0744 0.0016
44.66 0.0891 0.0020 46.67 0.0890 0.0020

& Sandard uncertainties u ar®ygy) = 1 Pa and aj) = 0.01 K
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Table 6. Partial pressure of €QPcoy), solubity ) and standard uncertaintidi ) of CG; in

lquid 1,2- propanediol

from 283.15 —; " Kto 373.15K
10°Pco,/Pa X 6x 10"°Pco,/Pa X 6x

at the 7=323.15K 7=333.15K equiibriung.

1.80 0.0018 0.0002 1.89 0.0018 0.0002

9.31 0.0089 0.0005 9.76 0.0086 0.0005

19.36 0.0179 0.0009 20.27 0.0175 0.0009
T=343.15 K 7=353.15K

1.97 0.0017 0.0002 2.05 0.0017 0.0002

10.16 0.0085 0.0005 10.56 0.0084 0.0005

21.15 0.0173 0.0009 22.01 0.0172 0.0009
7=363.15 K T=373.15K

2.12 0.0017 0.0002 2.19 0.0017 0.0002

10.95 0.0085 0.0005 11.32 0.0083 0.0005

22.84 0.0173 0.0009 23.65 0.0173 0.0009

& Sandard uncertainties u ar®gdy) = 1 Pa and aj) = 0.01 K

Table 7. Partial pressure of @®coy), solubity ) and standard uncertaint iéx Y of CO, in

T methanol ethanol 1,2-pr opanediol glyceral
283.15K 103 (+0.8%) 106 (+0.6%) 212 (+1.6%)
293.15K 128 (+0.1%) 129 (+0.9%) 252 (+1.7%)
303.15K 155 (+0.6%) 153 (+0.7%) 293 (+1.4%)
313.15K 185 (+0.4%) 179 (+0.8%) 333 (+1.8%)
323.15K 216 (+0.5%) 205 (+0.8%) 371 (+2.0%) 1072 (5.1%)
333.15K 247 (+0.6%) 230 (+0.9%) 407 (+2.1%) 1151 (£5.2%)
343.15K 279 (+0.9%) 254 (+0.9%) 440 (£2.1%) 1218 (+5.3%)
353.15K 310 (+0.8%) 277 (+1.0%) 469 (+2.2%) 1277 (5.4%)
363.15K 341 (+0.6%) 298 (+1.0%) 496 (+2.2%) 1315 (+5.3%)
373.15K 369 (+0.6%) 316 (+1.0%) 519 (+2.2%) 1368 (+5.4%)

liquid glycerol from 323.15 Kto 373.15 K at theiddpr ium®.

Henry’slaw constants 1Q/MPa

& Sandard uncertainty u is u(T) = 0.0
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Table 8. Henry's law constantg, for methanol, ethanol, 1,2-propanediol and glylcérom

283.15 Kto 373.15 K

500

450

400

350

300

250

10 k,/MPa

200

150

100

50

0

273.15

293.15

313.15

333.

15 T/K 353.15 373.15 393.15

Figure 7. Henry’s law constariy of CQ;, in liquid methanol versustemperatudedhgakiet al.

(1976)[18] ; I Honget al.(1988)[19] ;I Changet al.(1997)[20] ; + Joungt al. (2001)[21] ;X

Bezanehtaket al. (2002)[22] ; @ Schwinghammeret al. (2006)[23] ; O Secuianuet al.

(2009)[24]mGui et al. (2011)[25] ;O Kariznoviet al. (2013)[26] ;> Leu et al. (1991)[27]; -
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Miyano et al. (2004)[28];@this study (2019)

Figure 8. Henry's law constaht; of CO in liquid ethanol versus temperatuteJounget al.

(2001)[21]; O Dalmolin et al. (2006)[30] ; m Secuianuet al. (2008)[29] ; O Gui et al.

(2011)[25] ; 0 Kariznoviet al. (2013) [26]; +Galicia-Lunaet al. (2000)[31]; X Friend et al.
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calculated from Galvaet al.(2010)[33] I Guiet al.(2011)[25]® this study (2019)

Figure 10. Henry’s law constaky; of CO; in liquid glycerol versus temperaturé: Ostonenet

al. (2014)[8] ® this study (2019)
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Figure 11. Henry’s law constakt; of CO2 in liquid methanol &, liquid ethanol @), liquid

1,2-propanediol ) and liquid glycerol ) versus temperature.
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4. Conclusions

The solubity of CQ in methanal, ethanol and 1,2-propanediol was mealsuom 283.15 K
to 373.15 Kand upto 6.0 MPa. In glyceradl, a terap# e range of 323.15 Kto 373.15 K was
studied up to 2.0 MPa. The constantvolume methedduin this work is validated by
comparison wih I terature. For each solvent, tbleilsity of CO, increases with a decrease of
temperature and wih an increase of pressure. Metaw constant was calculated for each
temperature and for each solvent, the solubiitgreases in this order: glycerol < 1,2-
propanediol < methanol, ethanol. These differ ewegsbe exgained by the different structures

of the solvents.
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