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and glycerol from 283.15 K to 373.15 K and up to 6.0 MPa
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glycerol . Henry's law constant s are calculated for each t emperature and are compar ed bet ween t o one another . The sol ubil ity of CO 2 in t hese sol vent s incr eases in t he following order : gl ycerol < 1,2-pr opanediol < met hanol ≈ et hanol .

Introduct ion

Wit h 34 Gt emitt ed each year in t he at mosphere, car bon dioxide is t he most human emitt ed gr eenhouse gases in t he world. These emissions ar e incr easing due to an economic and demogra phic growth, which impl ies an el evat ion of t he consumpt ion of fossil energy [START_REF]IEA, Ener gy and Cl imat e Change[END_REF]. The el evat ion of t he gl obal temperatur e can r each up t o + 5 °C in 2100 if t hese emissions ar e not l imit ed. Ca pt ur e and st orage of CO 2 have r eceived a l ot of att ent ion as a solut ion t o r educe t hese emissions [START_REF]Car bone Dioxide Ca pt ure and St orage, Int ergov. Panel Cl im. Change[END_REF]. In addit ion, t o face up t o t he rar efact ion of fossil fuel s and in a per spect ive of cir cular economy, t he valor isat ion of CO 2 is developing. In t his new chemistry, CO 2 is no mor e seen as a wast e but as a source of car bon used t o pr oduce value-added chemical s [START_REF] Ol Ajir E | Val or izat ion of gr eenhouse car bon dioxide emissions into value-added pr oduct s by catalyt ic pr ocesses[END_REF]. However , only few exa mpl es ar e devel oped on t he industr ial scal e.

In t his cont ext , our work is focused on t he synthesis of organic car bonat e by associat ing CO 2 wit h alcohol or diol or gl ycerol . The ma in car bonat es t hat could be obta ined ar e dimet hylcar bonat e, diet hylcarbonat e, pr opyl ene carbonat e or glycerol carbonat e. Due t o t heir very l ow t oxicit y, t hey have many pot ent ial a ppl icat ions l ike fuel addit ive, solvent or monomer [START_REF] Huang | Recent advances in dialkyl car bonates synthesis and a ppl icat ions[END_REF]. Curr ently, they ar e pr oduced by using some t oxic and harmful component s l ike phosgene. The synthesis via t he rout e (CO 2 + al cohol ) has been pr oven t o be t he mor e int erest ing concerning t he envir onmental aspect and t he sequestrat ion of CO 2 [START_REF] -S. Mont Eiro | Medeir os, Sustainabil it y metr ics for ecotechnologies assessment , part I: pr el iminary scr eening[END_REF].

Many homogeneous and het erogeneous catalyst s have been t est ed for t his synthesis [START_REF] Cao | Research Pr ogr ess in t he Dir ect Synt hesis of Dimet hyl Car bonat e from CO 2 and Met hanol[END_REF][START_REF] Ta Mura | To mishige, Dir ect conver sion of CO 2 wit h diol s, aminoalcohol s and dia mines t o cycl ic carbonat es, cycl ic carba mat es and cycl ic ur eas using het erogeneous catalysts[END_REF]. Some of t hem give high select ivit y but t he yiel d is st ill l ow because of t he unfavourabl e ther modyna mics of t he react ion. Chemical r eact ions take place at about 373. [START_REF] Kr | Liquid-Va por Equilibr ium of Et hanol --Tol uene Sol ut ions[END_REF] K and pr essur e unt il 6.0 MPa . To st udy the kinet ics of t his r eact ion, it is important t o take int o account the data of phase equil ibr ia in t hese condit ions.

The a im of t his art icl e is t o pr ovide a wide range of sol ubil it y of carbon dioxide in four differ ent sol vent s: met hanol , et hanol , 1,2-pr opanediol and gl ycerol . The exper iment s are per for med by a constant-vol ume met hod at t emperatures bet ween 283. 15 K and 373. 15 K and pr essur es u p t o 6.0 MPa for met hanol , et hanol and 1,2-pr opanediol . This r ange of t emperature is higher t han t he one shown in l it erature data . The sol ubil it y of CO 2 in glycerol is measured wit h the sa me met hod and for pr essur es bel ow 2.0 MPa . Onl y one data set is availabl e in t he l it erature for t his range of pr essure [START_REF] Ost Onen | Measur ement s and model ing of CO2 sol ubil i ty in 1,8-d iazabicyclo-[5.4.0]-undec-7-ene-Gl ycerol sol ut ions[END_REF]. The or iginal it y of this pa per is t o pr esent new r el evant data about CO 2 sol ubil it y int o alcohol s.

Ex per imental

2.1.Mat er ial s.

The source and t he pur ity of all compounds used ar e descr ibed in Tabl e 1. All t he chemical s are used as r eceived. Wat er cont ent s of et hanol , met hanol , 1,2-pr opanediol and gl ycerol wer e det er mined using Metrohm Karl Fischer coulometer 899 t itrator . 

Apparatus

Figur e 1 r epr esent s a schemat ic diagram of t he a pparatus used t o measure t he sol ubil it y. The exper iment s wer e carr ied out in a sta inl ess st eel cell from Mettl er -Tol edo wit h a ca pacity of 1.61 L (± 0.01 L). The cell was equipped wit h t wo t emperatur e sensor s, one for t he l iquid in t he vessel (Tr ) and one for t he jacket (Tj). A heat carr ied fl uid c ir culat ed t hrough t he jacket to regulat e t he t emperature in t he vessel wit h an accuracy of ± 0.01 K. The pressur e inside t he cell was al so measur ed by a pr essure gauge wit h an accuracy of ± 0.01 bar . An anchor -t ype agitator was used t o st ir t he sol ut ion at about 300 r pm. Th is kind of r eactor is descr ibed in mor e detai l by Figur e 1. Schemat ic diagram of t he a pparatus: 1. cell , 2. jacket , 3. vacuum connector , 4. event valve, 5. st irrer , 6. l iquid inl et , 7. l iquid outl et , 8. buffer tank, 9. CO 2 gas cylinder Balland et al. [START_REF] Balland | Det er minat ion of Kinet ic and Energet ic Paramet er s of Chemical React ions in a Het erogeneous Liquid/Liquid Syst em[END_REF].

The CO 2 cyl inder was connect ed t o a sta inl ess st eel buffer tank wit h a ca pacit y of 2.12 L (± 0.01 L). The t emperatur e (Tb) and pr essur e (Pb) of t his buffer tank were r ecorded wit h t wo sensor s wit h accuracies of ± 0.01 K and ± 0.01 bar r espect ivel y. A valve controlled t he inject ion of CO 2 fr om t he buffer tank t o t he cell . All t he t emperatures and pr essur es measur ed dur ing t he exper iment s wer e r ecorded cont inuousl y using an acquisit ion syst em.

Ex per imental procedur e.

Befor e each exper iment , an a mount of nitrogen was inject ed in t he cell and t he pr essur e was recorded dur ing 2 hour s to t est the gas l eakage of the a pparatus. Then, t he cell was empt ied wit h a vacuum pump t o 100 Pa . The t emperatur e in t he cell was ma inta ined at 283.15 K and around 800 mL of sol vent wer e inject ed int o t he cell t hrough t he l iquid inl et . The exact weight of t he sol vent inject ed, m s, was measur ed, wit h an accuracy of ± 0.2 g , by a doubl e weighing of t he bottle containing t he solvent : befor e and aft er t he inject ion. The mixt ure was st irred dur ing all the exper iment at around 300 r pm. The cell was empt ied aga in wit h t he vacuum pump t o be sur e that t her e is no inert gas in t he cell . The buffer tank was purged wit h CO 2 three t imes and t hen it was fill ed wit h CO 2 . After few minut es t he pr essur e and t he t emperature in t he buffer tank wer e constant . An a mount of CO 2 was inject ed in t he cell t o obta in a ppr oximat ely 0.1 MPa , t he temperature in t he cell was ma intained at 283.15 K. When t he pr essur e and t emperature wer e stabil ised, t he t emperature was ra ised from 283.15 K u p t o 373.15 K by st ep of 10 K. At each st ep, we consider ed t hat the equil ibr ium was reached when t he pr essure was constant . The stabil isat ion per iod t o reach t his equil ibr ium depended on t he sol vent used: for t he ethanol , met hanol and 1,2-pr opanediol t he stabil isat ion t ime was about 50 minut es. A t otal of 150 minut es was used for t he gl ycerol because t he absor pt ion of CO 2 in glycerol is a very slow pr ocess. At t he end of the exper iment s, t hr ee other st eps at 343. 15 K, 313.15 K and 283. [START_REF] Kr | Liquid-Va por Equilibr ium of Et hanol --Tol uene Sol ut ions[END_REF] K wer e made t o control the r epeatabil it y. Thanks t o t his met hod, we insur ed t hat t here is no leakage, t hat CO 2 did not r eact wit h t he sol vent and t hat t he stabil isat ion t ime was sufficiently long. When t he t emperature in t he cell ca me back t o 283.15 K, t he pr essur e was incr eased by introducing CO 2 aga in. Several inject ions of CO 2 wer e made for each solvent . The t emperature and pr essure in t he cell recorded dur ing all t he exper iment s ar e pl otted in Figur e 2 for t he 1,2pr opanediol .

Result s and discussion

Cal culat ion of t he solubil it y

The CO 2 sol ubil it y in t he sol vent is expr essed using t he mol e fract ion : The mol es of CO 2 a bsor bed in t he sol vent ar e calculat ed by a mass balance:

Eq CO inj CO sol CO n n n 2 2 2 - = Eq 3
is t he a mount of CO 2 at the equil ibr ium in t he gas phase in t he cell .

is calculated by t he differ ence of t he a mount of CO 2 in t he buffer tank before t he inject ion ( ) and aft er t he inject ion ( ):

2 1 2 2 2 CO CO inj CO n n n - = Eq 4
All t he a mount s of CO 2 in t he cell and in t he buffer tank wer e calculated by using t he Peng-Robinson equat ion of state [START_REF] Coquel | Pr opr iét és t her modynamiques-Dét er minat ion pour l es fl uides pur s[END_REF]:

2 2 2 ) ( 2 b vb v a T b v RT P r r CO - + - - = α Eq 5
The Tr r epr esent s the t emperature of t he cell and v is t he molar volume of CO 2 . a and b ar e t wo constants calculated wit h t he following equat ions: α(Tr) is a funct ion of t he t emperatur e inside t he cell and of t he CO 2 acentr ic factor ω which is equal to 0.228: 

2 2 )] ) ( 1 ( 1 [ ) ( c r r T T m T - + = α
C T B A P Log S liq + - = ) (

Rel iabil it y of t he a pparatus

The standard uncertainty of t he sol ubil it y for each equil ibr ium was calculated from: Ta bl e 4 t o Tabl e 7 r eport the part ial pr essur e of CO 2 at t he equil ibr ium P CO2 , t he sol ubil it y x and t he est imat ed standard uncertaint ies δ x for t he absor pt ion of CO 2 in ethanol , met hanol , 1,2pr opanediol and gl ycerol . The calculated standard uncertaint ies ar e bel ow 2.0×10 -3 , which repr esent s ma inl y (1-2) % of t he values of sol ubil i ty for each sol vent .
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Figur e 3 t o Figur e 6 r epresent t he part ial pr essur e of CO 2 pl ott ed aga inst the sol ubil it y for the four solvent s for each t emperature. As expect ed, the sol ubil it y for each solvent incr eases when the pr essur e incr eases but decr eases when t he t emperature incr eases. In t he t emperature and pr essur e ranges st udied, l inear pl ot s ar e obtained bet ween part ial pr essur e of CO 2 and sol ubil ity.

For et hanol , met hanol , 1,2-pr opanediol and gl ycerol , t he correlat ion coefficient s obtained for each t emperature wer e higher t han 0.997. In our range of t emperatur e and pr essur e, t he sol ubil i t y of CO 2 is pr oport ional t o the pr essur e of t he gas over t he sol vent , according to t he Henry's law:

P CO2 = k Hx Eq 14
The k H r epr esent s t he Henry's law constant . [START_REF] Chyl I Ski | Sol ubil it ies of 1-pr opanol and 1,2-pr opanediol in supercr it ical car bon dioxide. New analyt ical procedur e and measur ement s[END_REF] or the phase equil ibr ia for temperature higher t han 373. 15 K [35]. These results ar e not comparable t o our s.

For gl ycerol , onl y one l iterature r efer ence has been found which is r epr esent ed in Figur e 10 [START_REF] Ost Onen | Measur ement s and model ing of CO2 sol ubil i ty in 1,8-d iazabicyclo-[5.4.0]-undec-7-ene-Gl ycerol sol ut ions[END_REF]. The Henry's law constant s obtained by Ost onen et al. ar e very similar to our r esult s. Some other pa per s st udied t he sol ubil it y of CO 2 in gl ycerol but for higher pr essur es [START_REF] Medina -Gonzal Ez | Phase equil ibr ium of t he CO 2 /gl ycerol syst em: Exper imental data by in sit u FT-IR spectroscopy and t her modyna mic model ing[END_REF][START_REF] Nunes | Sol ubil it y of CO 2 in gl ycerol at high pr essur es[END_REF][START_REF] Sovová | Sol ubil it y of squalane, dinonyl pht halat e and gl ycerol in supercr it ical CO 2[END_REF], wher e t he Henry's law is not a ppl icabl e.

All t he Henry's law constant s for t he four sol vent s ar e r eport ed in Table 8 , T = 373.15 K. P CO2 is t he part ial pr essur e of CO 2 in t he cell at t he equil ibr ium, and x is t he mole fract ion of CO 2 in t he l iquid phase. For each sol vent , t he sol ubil it y of CO 2 incr eases wit h a decr ease of temperature and wit h an incr ease of pr essur e. Henry's law constant was calculated for each temperature and for each sol vent , t he sol ubil ity incr eases in t his order : gl ycerol < 1,2pr opanediol < met hanol , et hanol . These differ ences can be explained by t he differ ent structures of t he sol vent s.

Figur e 2 :

 2 Figur e 2: Evol ut ions of temperatur e ( ) and pr essur e ( )in t he cell dur ing t he exper iment in 1,2-pr opanediol

7 Ω

 7 a =0.457, Ω b =0.07780; Tc = 304.25 K and Pc = 7.382 MPa ar e t he cr it ical t emperature and pr essure of CO 2 .
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 456 Figur e 4. Pr essur e-sol ubil it y diagram for CO 2 and l iquid et hanol at differ ent t emperatures, , T = 283.15 K; , T = 293.15 K; , T = 303.15 K; ▲ , T = 313.15 K; , T = 323.15 K; , T = 333.15 K; ◊, T = 343.15 K; △, T = 353.15 K; +, T = 363.15 K; ×, T = 373.15K. P CO2 is t he part ial pr essur e of CO 2 in t he cell at t he equil ibr ium, and x is t he mol e fract ion of CO 2 in t he l iquid

Tabl e 4 .

 4 Part ial pr essur e of CO 2 (P CO2 ), sol ubil ity (x) and standard uncertaint ies ( x ) of CO 2 in l iquid met hanol from 283.15 K t o 373.15 K at t he equil ibr ium a .

Chemical name CAS Source Volume fraction purity a Mass fraction of water Analysis Method Purification method

  

	1,2-						
		57-55-6	Al f a Aes a r	0.995	0.0028	Ka r l -	-
	pr o pa n ed io l					Fis c h er	
	Gl y c e r o l	56-81-5	Appl ic h e m	0.99	0.0028	Ka r l -	-
			Pa r r e a c			Fis c h er	
	a The purity was provided by the supplier				
	Ca r bo n						
		124-38-9	Air Liq u id e	0.999			-
	Dio x id e						
			Fis h e r				
	Abs o l u t e	64-17-5		> 0.995	0.0003	Ka r l -	-
	e t h a n o l		Sc ien t if ic			Fis c h er	
			Fis h e r				
	Abs o l u t e	67-56-1		> 0.995	0.0002	Ka r l -	-
	me t h a n o l		Sc ien t if ic			Fis c h er	

Table 1 .

 1 Chemical compounds used in this study.

δ

  Eq wher e Pi, Ti and Vi correspond r espect ivel y t o t he pr essur e, t emperature and volume of CO 2 at the equil ibr ium in t he cell for and in t he buffer tank befor e inject ion for .

			Temperature/K				A	B	C	Refer ences
	Met hanol		283.15 -373.15			5.20409	1581.341	-33.5	[14]
	Et hanol		283.15 -343.15			5.37229	1670.409	-40.191	[15]
			343.15 -373.15			5.24677	1598.673	-46.424	[14]
	1,2-pr opanediol	323.15 -373.15			6.07936	2692.187	-17.94	[16]
	And δ ( )	is est imat ed by:							
			δ	(	n	s	)	=	δ	s s m M (	)	Eq
	3.3. Result s and discussion							

  For et hanol , the compar ison wit h seven art icl es is made in Figur e 8[START_REF] Joung | Measur ement s and correlat ion of high-pr essur e VLE of binary CO 2 -alcohol syst ems (met hanol , et hanol , 2-met hoxyethanol and 2-et hoxyet hanol )[END_REF][START_REF] Gu I | Sol ubil it y of CO 2 in Alcohol s, Gl ycol s, Et her s, and Ket ones at High Pr essur es from[END_REF][START_REF] Kar Iznovi | Ex per imental measurement s and pr edict ions of densit y, viscosit y, and carbon dioxide sol ubil it y in met hanol , et hanol , and 1-pr opanol[END_REF][START_REF] Secuianu | Phase behavior for car bon dioxide+et hanol syst em: Ex per imental measur ement s and model ing wit h a cubic equat ion of stat e[END_REF][START_REF] Dal Mol In | Sol ubil it y of car bon dioxide in binary and t ernary mixt ur es wit h et hanol and water[END_REF][START_REF] Gal Icia -Luna | New Apparatus for t he Fast Det er minat ion of High -Pr essur e Va por -Liquid Equil ibr ia of Mixt ur es and of Accurate Cr it ical Pr essur es[END_REF][START_REF] Fr Iend | Establ ishing benchmarks for t he Second Industr ial Fl uids Simulat ion Chall enge[END_REF].These data are in good agreement wit h our r esults, t his compar ison val idat es our met hod t o measur e solubil it y. It can be seen in Figur e 7 and Figur e 8 t hat Henry's law constant is generally det ermined for t emperatures law constant s in t hese t wo works ar e differ ent as we can see in Figur e 9. Our work is closer t o t he r esults obtained by Gal vao et al.[START_REF] Gal Vão | Met hane and carbon dioxide sol ubil it y in 1,2-pr opyl ene glycol at t emperatures ranging from 303 t o 423 K and pr essur es up t o 12 MPa[END_REF] t han t o t he r esult s from Gui et al.[START_REF] Gu I | Sol ubil it y of CO 2 in Alcohol s, Gl ycol s, Et her s, and Ket ones at High Pr essur es from[END_REF]. Th is differ ence can be expla ined by t he degassing of t he sol vent . Indeed, Gal vao et al. used a met hod to degas t he sol vent before it is used, so t hey did not consider any inert gas. On t he contrary, Gui et al. did not use any degassing met hod but consider ed an a mount of inert gas. This gas could have an impact on t he solubil it y of CO 2 , which could expla in t his difference. In our work, we al so degassed our sol vent by evacuat ing t he cell when t he sol vent was inside. Thanks t o t his met hod, we ensur ed t hat no inert gas int eract ed with t he sol ubil isat ion of CO 2 in t he sol vent . This

	lower t han 353.15 K, so our work pr esent s new values of sol ubil it y for higher t emperatures up t o
	373.15 K.

It r efer s t o t he sl ope of t he l ine P CO2 t o x. All the Henry's law coefficient s ar e r eport ed in Tabl e 8. Co mpar isons of t he Henry's law constants obtained in t his work and in t he l it erature ar e r epresent ed in Figur e 7 and Figur e 8 wher e k H is pl ott ed aga inst t he t emperature for met hanol and et hanol . The sol ubil ity of CO 2 in met hanol is the most st udied alcohol , t he data of el even art icl es ar e pl otted in Figur e 7.

[START_REF] Ohgaki | Isot her mal va por -l iquid equil ibr ium data for binary syst ems containing carbon dioxide at high pr essur es: met hanol -car bon dioxide, n-hexane-carbon dioxide, and benzene-carbon dioxide syst ems[END_REF][START_REF] Hong | Va por -l iquid equil ibr ium st udies for t he carbon dioxidemet hanol syst em[END_REF][START_REF] Chang | Densit ies and P-x -y diagrams for car bon dioxide dissol ut ion in met hanol , et hanol , and acetone mixt ur es[END_REF][START_REF] Joung | Measur ement s and correlat ion of high-pr essur e VLE of binary CO 2 -alcohol syst ems (met hanol , et hanol , 2-met hoxyethanol and 2-et hoxyet hanol )[END_REF][START_REF] Bezanehtak | Va por -Liquid Equil ibr ium for Binary Syst ems of Car bon Dioxide + Met hanol , Hydrogen + Met hanol , and Hydrogen + Car bon Dioxide at High Pr essur es[END_REF][START_REF] Schwinghammer | Det er minat ion and modelling of t he highpr essur e va pour -l iquid equil ibr ium car bon dioxide-met hyl acetat e[END_REF][START_REF] Secuianu | Phase equil ibria exper iment s and calculat ions for car bon dioxide + met hanol binary syst em[END_REF][START_REF] Gu I | Sol ubil it y of CO 2 in Alcohol s, Gl ycol s, Et her s, and Ket ones at High Pr essur es from[END_REF][START_REF] Kar Iznovi | Ex per imental measurement s and pr edict ions of densit y, viscosit y, and carbon dioxide sol ubil it y in met hanol , et hanol , and 1-pr opanol[END_REF][START_REF] Leu | The equil ibr ium phase pr opert ies of (car bon dioxide + met hanol )[END_REF][START_REF] Miyano | Henry's constant s of carbon dioxide in met hanol at 250-500 K[END_REF]

.

Onl y t wo art icl es have been found about t he sol ubil it y of CO 2 in 1,2-pr opanediol

[START_REF] Gu I | Sol ubil it y of CO 2 in Alcohol s, Gl ycol s, Et her s, and Ket ones at High Pr essur es from[END_REF][START_REF] Gal Vão | Met hane and carbon dioxide sol ubil it y in 1,2-pr opyl ene glycol at t emperatures ranging from 303 t o 423 K and pr essur es up t o 12 MPa[END_REF]

. The Henry's differ ence in t he met hodology could explain why our r esult s ar e cl ose t o the r esult s of Gal vao et al. In some ot her works, r esearcher s st udied t he sol ubil it y of 1,2-pr opanediol in supercr it ical car bon dioxide

  and pl otted in Figur e 10. Met hanol and et hanol have a similar behaviour t oward t he sol ubil it y of CO 2 . CO 2 is less sol ubl e in 1,2-pr opanediol and very sl ightly sol ubl e in gl ycerol . These r esults ar e in agreement wit h t he explanat ion given in pr evious st udies[START_REF] Gu I | Sol ubil it y of CO 2 in Alcohol s, Gl ycol s, Et her s, and Ket ones at High Pr essur es from[END_REF][START_REF] Gwinner | CO 2 Ca pt ur e in Fl ue Gas: Semiempir ical Appr oach t o Sel ect a Pot ent ial Physical Sol vent[END_REF] wher e t he sol ubil it y of a gas in a sol vent is divided in t wo ma in st eps: f ir st , t he int eract ions sol vent -sol vent must be broken t o cr eat e cavit ies, and t hen the solut e mol ecul es must fill t hese cavit ies wit h t he int eract ion sol ut esol vent . In our case, we have t wo alcohol s, 1,2-pr opanediol wit h t wo hydroxyl groups and glycerol wit h t hr ee hydroxyl groups. This differ ence in t he structur e of molecul es can explain t he differ ence observed in t he sol ubil it y of CO 2 . Indeed, t he hydroxyl groups can for m int ernal hydrogen bond, so gl ycol which has 3 hydroxyl groups has a bett er int ernal int eract ion t han 1,2pr opanediol . That could explain why it absor bes less CO 2 t han 1,2-pr opanediol . Similarly, t he int ernal int eract ions of 1,2-pr opanediol are stronger t han t he int eract ions bet ween alcohol s.

Figur e 3. Pr essur e-solubil it y diagra m for CO 2 and l iquid met hanol at differ ent t emperatures, , T = 283.15 K; , T = 293.15 K; , T = 303.15 K; ▲ , T = 313.15 K; , T = 323.15 K; , T = 333.15 K; ◊, T = 343.15 K; △, T = 353.15 K; +, T = 363.15 K; ×, T = 373.15 K. P CO2 is t he

part ial pr essur e of CO 2 in t he cell at t he equil ibr ium, and x is t he mol e fraction of CO 2 in t he l iquid phase.

10 -2 P CO2 /Pa x δx 10 -2 P CO2 /Pa

  Ta bl e 8. Henry's law constant s k H for met hanol , et hanol , 1,2-pr opanediol and gl ycerol from 283.[START_REF] Kr | Liquid-Va por Equilibr ium of Et hanol --Tol uene Sol ut ions[END_REF] K t o 373.15 K Miyano et al. (2004)[28]; t his st udy (2019) Figur e 8. Henry's law constant k H of CO 2 in l iquid et hanol ver sus t emperature: Joung et al. Kar iznovi et al. (2013) [26]; +Gal icia -Luna et al. (2000)[31]; ⤬ Fr iend et al. Figur e 9. Henry's law constant k H of CO 2 in l iquid 1,2-pr opanediol ver sus t emperature: calculated from Gal vao et al. (2010)[33] Gu i et al. (2011)[25] t his st udy (2019) Figur e 10. Henry's law constant k H of CO 2 in l iquid gl ycerol ver sus t emperature: Ost onen et al. (2014)[8] t his st udy (2019) Figur e 11. Henry's law constant k H of CO2 in l iquid met hanol ( ▲ ), l iquid et hanol ( ), l iquid 1,2-pr opanediol ( ) and l iquid gl ycerol ( ) ver sus t emperature. The sol ubil it y of CO 2 in met hanol , et hanol and 1,2-pr opanediol was measur ed from 283.15 K to 373.15 K and u p t o 6.0 MPa . In gl ycerol , a t emperature range of 323.15 K t o 373.15 K was st udied up t o 2.0 MPa . The constant -volume met hod used in t his work is val idat ed by compar ison wit h l it erature.

		10	-2 P CO2 /Pa 10 -2 P CO2 /Pa T=283.15 K x x	δx δx	10 10 -2 P CO2 /Pa -2 P CO2 /Pa	x T=293.15 K x x	δx δx Δx	
	T=283.15 K 0.0072 0.0439 0.0811 0.1203 0.1616 0.2048 T=303.15 K 0.0067 0.0412 0.0763 0.1135 0.1527 0.1938 T=323.15 K 0.0064 0.0389 0.0722 0.1075 0.1447 0.1838 T=343.15 K 0.0062 0.0372 0.0690 0.1027 0.1384 0.1760 T=363.15 K 1.10 0.79 4.79 8.78 12.74 16.73 20.73 1.12 6.71 12.33 17.98 23.76 29.68 1.42 8.70 16.00 23.48 31.20 39.23 1.67 10.64 19.61 28.90 38.60 48.71 0.0070 0.0002 0.0001 0.0002 0.0003 0.0004 0.0006 0.0008 0.0001 0.0002 0.0004 0.0005 0.0007 0.0010 0.0001 0.0002 0.0004 0.0006 0.0008 0.0011 0.0001 0.0003 0.0005 0.0007 0.0009 0.0013 7.56 0.0474 0.0004 14.22 0.0953 0.0007 21.09 0.1364 0.0009 28.03 0.1810 0.0013 34.19 0.2243 0.0017 T=323.15 K 1.35 0.0067 0.0002 9.43 0.0450 0.0004 17.81 0.0908 0.0007 26.64 0.1302 0.0010 35.65 0.1727 0.0014 43.85 0.2141 0.0019 T=343.15 K 1.57 0.0065 0.0002 11.13 0.0434 0.0005 21.17 0.0878 0.0008 31.87 0.1262 0.0011 42.90 0.1673 0.0015 53.07 0.2075 0.0020 T=363.15 K 20.22 0.0466 0.0010 1.56 0.0033 0.0003 7.66 0.0180 0.0005 13.80 0.0321 0.0008 t his st udy (2019) Tabl e 7. Part ial pr essur e of CO 2 (P CO2 ), sol ubil it y (x) and standard uncertaint ies ( x ) of CO 2 in T=293.15 K 0.94 0.0070 0.0001 5.73 0.0425 0.0002 10.52 0.0786 0.0003 15.30 0.1169 20.15 0.1572 0.0007 25.08 0.1993 0.0009 1.27 0.0065 7.70 0.0400 0.0002 14.17 0.0741 0.0004 20.72 0.1103 0.0006 27.46 0.1485 0.0008 34.43 0.1886 0.0011 T=333.15 K 1.56 0.0063 0.0001 9.69 0.0380 0.0003 17.83 0.0705 0.0004 26.22 0.1049 0.0006 34.93 0.1413 0.0009 44.05 0.1795 0.0012 T=353.15 K 1.79 0.0061 0.0001 11.58 0.0365 0.0003 21.33 0.0678 0.0005 31.52 0.1009 0.0007 42.16 0.1361 0.0010 53.41 0.1730 0.0014 T=373.15 K 1.24 0.0068 0.0002 8.51 0.0461 0.0004 16.03 0.0929 0.0007 23.89 0.1331 0.0010 31.87 0.1765 0.0014 39.05 0.2188 0.0018 T=333.15 K 1.47 0.0066 0.0002 10.29 0.0441 0.0004 19.52 0.0891 0.0008 29.32 0.1279 0.0011 39.37 0.1696 0.0015 48.54 1.66 0.0065 0.0002 11.91 0.0429 0.0005 22.74 34.32 0.1249 0.0011 46.29 0.1657 0.0016 57.38 T=373.15 K 21.24 0.0458 0.0010 0.2056 0.0021 1.64 0.0032 8.03 0.0177 14.48 0.0316 0.0008 (2005)[32]; 0.0005 T/K 0.0003 0.0868 0.0008 29.69 0.0802 0.0015 31.61 0.0779 0.0016 35.74 0.0953 0.0019 38.13 0.0926 T=343.15 K 273.15 293.15 313.15 333.15 353.15 373.15 T=353.15 K 0 0.0019 T/K 100 273.15 293.15 313.15 333.15 353.15 373.15 T=353.15 K 23.87 0.0647 0.0013 25.40 0.0628 0.0013 200 0 0.2103 0.0019 1.19 0.0039 0.0003 1.29 0.0037 0.0003 5.94 0.0206 0.0005 6.40 0.0197 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=333.15 K 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 T=343.15 K T=353.15 K 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 T=363.15 K T=373.15 K 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 0 273.15 293.15 313.15 333.15 353.15 373.15 393.15 T/K 300 400 200 10 k 400 H /MPa 50 100 150 200 250 300 500 600 700 600 800 1000 10 k H /MPa 10 k 800 1200 H /MPa 1400 0.0005 9.31 0.0089 0.0005 9.76 0.0086 0.0005 19.36 0.0179 0.0009 20.27 0.0175 0.0009 350 1600 0.0001 T=303.15 K T=313.15 K T=303.15 K T=313.15 K 1.80 0.0018 0.0002 1.89 0.0018 0.0002 400 (2011)[25] ; T=313.15 K 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 16.86 0.0794 0.0011 18.76 0.0744 0.0012 20.86 0.0985 0.0013 23.25 0.0922 24.87 0.1180 0.0016 27.81 0.1101 0.0017 at the equil ibr ium a . T=323.15 K 450 T=333.15 K 0.0014 from 283.15 10 -2 P CO2 /Pa x δx 10 -2 P CO2 /Pa x δx (2001)[21] ; Dal molin et al. (2006)[30] ; Secuianu et al. (2008)[29] ; Gu i et al. 500 K t o 373.15 K 0.0005 T=283.15 K 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 12.84 0.0599 0.0009 14.26 0.0562 0.0009 0.0007 0.98 0.0044 0.0003 1.08 0.0042 0.0003 4.90 0.0232 0.0005 5.44 0.0217 Tabl e 6. Part ial pr essur e of CO 2 (P CO2 ), sol ubil ity (x) and standard uncertaint ies ( x ) of CO 2 in 0.0005 8.81 0.0412 0.0007 9.76 0.0388 l iquid 1,2-pr opanediol 0.0007 4. Conclusions
	1.89 12.47 22.98 34.00 45.61 a Standard uncertaint ies u ar e u(P CO2 ) = 1 Pa and u(T) = 0.01 K 0.0061 0.0001 1.96 0.00610 0.0001 0.0360 0.0003 13.31 0.03558 0.0003 0.0668 0.0005 24.56 0.06617 0.0005 0.0996 0.0007 36.43 0.09855 0.0008 0.1343 0.0010 48.95 0.13295 0.0011 Tabl e 5. Part ial pr essur e of CO 2 (P CO2 ), sol ubil ity (x) and standard uncertaint ies ( x ) of CO 2 in 1.73 0.0065 0.0002 1.78 26.86 0.0615 0.0013 28.25 0.0605 0.0013 T methanol ethanol 1,2-propanediol glycerol 350 0.0066 0.0002 12.62 0.0426 0.0005 13.28 0.0425 0.0005 24.72 0.0840 0.0008 26.12 33.47 0.0763 0.0016 35.22 0.0752 0.0016 40.41 0.0908 0.0019 42.58 0.0897 0.0019 283.15 K 103 (±0.8%) 106 (±0.6%) 212 (±1.6%) 293.15 K 128 (±0.1%) 129 (±0.9%) 300 252 (±1.7%) 0.0838 0.0008 36.64 0.1242 0.0011 38.81 T=363.15 K T=373.15 K 303.15 K 155 (±0.6%) 153 (±0.7%) 293 (±1.4%) 250 0.1239 0.0012 49.51 0.1647 0.0016 52.53 0.1645 0.0016 a Standard uncertaint ies u ar e u(P CO2 ) = 1 Pa and u(T) = 0.01 K 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 313.15 K 185 (±0.4%) 179 (±0.8%) 333 (±1.8%) 323.15 K 216 (±0.5%) 205 (±0.8%) 371 (±2.0%) (±5.1%) 333.15 K 247 (±0.6%) 230 (±0.9%) 407 (±2.1%) (±5.2%) 343.15 K 279 (±0.9%) 254 (±0.9%) 440 (±2.1%) (±5.3%) 150 200 1600 H /MPa 1400 10 k 0.0010 29.57 0.0600 0.0013 30.84 0.0598 353.15 K 310 (±0.8%) 277 (±1.0%) 469 (±2.2%) (±5.4%) 100 1200 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 l iquid gl ycerol from 323.15 K t o 373.15 K at t he equil ibr ium a . 363.15 K 341 (±0.6%) 298 (±1.0%) 496 (±2.2%) (±5.3%) 373.15 K 369 (±0.6%) 316 (±1.0%) 519 (±2.2%) (±5.4%) 0 50 273.15 293.15 313.15 333.15 353.15 373.15 T/K 600 800 1000 10 k H /MPa
	Henry's law constant s 10 k H /MPa 400						
	200									
	0									
	303.15	313.15	323.15	333.15	T/K	343.15	353.15	363.15	373.15	383.15

l iquid et hanol from 283.

[START_REF] Kr | Liquid-Va por Equilibr ium of Et hanol --Tol uene Sol ut ions[END_REF] 

K t o 373.15 K at t he equil ibr ium a . a Standard uncertaint ies u ar e u(P CO2 ) = 1 Pa and u(T) = 0.01 K a Standard uncertainty u is u(T) = 0.01 K Figur e 7. Henry's law constant k H of CO 2 in l iquid met hanol ver sus t emperature: Ohgaki et al. (1976)[18] ; Hong et al. (1988)[19] ; Chang et al. (1997)[20] ; + Joung et al. (2001)[21] ; ⤬ Bezanehtak et al. (2002)[22] ; Schwinghammer et al. (2006)[23] ; Secuianu et al. (2009)[24] Gu i et al. (2011)[25] ; Kar iznovi et al. (2013)[26] ; ✲ Leu et al. (1991)[27]; -

a Standard uncertaint ies u ar e u(P CO2 ) = 1 Pa and u(T) = 0.01 K
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