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Introduction

Recent greenhouse gas projections have indicated that without a change in climate policy or technological reforms, achieving climate goals of net zero CO2 by 2050 and limiting global warming to 1.5-2°C this century will be a challenging task [START_REF] Ritchie | CO2 and Greenhouse Gas Emissions[END_REF]. With this, major governments have employed the use of CCS (carbon capture and storage) technologies within their nationwide strategies to mitigate CO2 emissions [START_REF]The Paris Agreement[END_REF][START_REF]The Ten Point Plan for a Green Industrial Revolution[END_REF]. Post combustion gas purification via liquid solvent absorption, being the most mature method for removing anthropogenic emissions, has been listed as a key technology in achieving global climate goals [START_REF]Post-combustion carbon dioxide capture: best available techniques (BAT)[END_REF]. The conventional gas absorption process utilises two closed structures: An absorber column where the liquid solvent is introduced top-side against the counterflowing flue gas (at temperatures of 313-323 K), and a stripper column where the rich solvent is heated to release the captured CO2 (at temperatures of 403-413 K), after which the clean solvent is cycled back to the absorber for reuse [START_REF]Amine-based post-combustion CO2 capture[END_REF][START_REF] Biliyok | Dynamic modelling, validation and analysis of postcombustion chemical absorption CO2 capture plant[END_REF]. These columns are typically used for stationary heavy emitting sources such as cement/steel production and fossil-fuel powered energy plants [START_REF] Adeosun | Evaluation of amine-blend solvent systems for CO2 postcombustion capture applications[END_REF]. Although, they can also be used for cleaning streams containing lean amounts of CO2 using aqueous amines such as MEA (monoethanolamine), which is the current industry standard due to its low cost and high chemical reactivity [START_REF] Rochelle | Amine scrubbing for CO2 capture[END_REF][START_REF] Puxty | Carbon dioxide post combustion capture: a novel screening study of the carbon dioxide absorption performance of 76 amines[END_REF][START_REF] El Hadri | Aqueous amine solution characterization for post-combustion CO2 capture process[END_REF]. CO2 absorption is achieved using absorption contactors (e.g. packed columns, trays, and sprays) within the absorber column that aim to increase the surface area contact between the liquid chemical absorbent and flue gas [START_REF] Kohl | Gas purification[END_REF]. Sprays have been found to perform better than packed columns and trays because of increased volumetric mass transfer from the larger gas-liquid interfacial area droplets provide [START_REF] Kuntz | Mass-transfer efficiency of a spray column for CO2 capture by MEA[END_REF]. Furthermore, sprays offer minimal pressure drop and have low maintenance costs due to their simple infrastructure [START_REF] Seyboth | Development of a spray scrubbing process for post combustion CO2 capture with amine-based solvents[END_REF]. Liquid droplet size has been reported to correlate directly with CO2 absorption performance. Smaller droplets (Sauter mean diameter < 50 µm at lab scale) increased the absorption rate and overall CO2 removal; This is due to the increased overall liquid surface area and reduced diffusion time for the gas molecules across each droplet [START_REF] Cho | Novel spray tower for CO2 capture using uniform spray of monosized absorbent droplets[END_REF][START_REF] Kavoshi | CFD modelling and experimental study of carbon dioxide removal in a lab-scale spray dryer[END_REF][START_REF] Ouboukhlik | Mass transfer evolution in a reactive spray during carbon dioxide capture[END_REF]. A polydisperse spray lowers the overall average absorption capacity due to its large size distribution and thus irregular CO2 diffusion time per droplet. Therefore, homogeneous mono dispersed sprays are favoured as they offer more control over absorption rate, larger absorption capacities, and decrease pressure drop more effectively given low gas flow rates [START_REF] Cho | Novel spray tower for CO2 capture using uniform spray of monosized absorbent droplets[END_REF][START_REF] Michalski | Aerodynamic characteristics of flue gas spray towers polydispersity consideration[END_REF]. Currently in the literature, a universal optimal droplet size has not been defined for spray capture as it is dependent on a variety of operational conditions and absorber properties (e.g., gas flow rate, injection pressure, liquid flow rate). While a smaller droplet diameter extends absorption capabilities, the droplets are more susceptible to fly back and collisions with the column wall from the high velocity counter-flowing gas, resulting in solvent losses [START_REF] Seyboth | Development of a spray scrubbing process for post combustion CO2 capture with amine-based solvents[END_REF]. Faster droplet velocities caused by higher injection pressures may reduce the CO2 capture efficiency due to shorter residence time, although this can be balanced out with faster reacting solvents [START_REF] Xu | Modelling and analysis of CO2 capture by aqueous ammonia+ piperazine blended solution in a spray column[END_REF]. Regardless, there is a consensus that indicates operating with a smaller droplet regime yields a higher capture performance. Adjustment of the injector type remains the primary method of modifying liquid solvent atomisation characteristics for CO2 spray capture. Some examples include the use of a full cone nozzle, multi-nozzle plate, ultrasonic nozzle, spiral tip and swirl chamber nozzle, pressure swirl atomiser, and dual nozzle impinging atomiser [START_REF] Cho | Novel spray tower for CO2 capture using uniform spray of monosized absorbent droplets[END_REF][START_REF] Tamhankar | Aqueous amine spray absorption and droplet distribution data for CO2 capture applications[END_REF][START_REF] Ouboukhlik | Local measurement of mass transfer in a reactive spray for CO2 capture[END_REF][START_REF] Stolaroff | Carbon dioxide capture from atmospheric air using sodium hydroxide spray[END_REF][START_REF] Javed | The CO2 capture performance of a high-intensity vortex spray scrubber[END_REF][START_REF] Wu | Overall mass transfer coefficient of CO2 absorption in a diameter-varying spray tower[END_REF]. None have explored adjusting injector-chamber conditions to achieve liquid break up via the flash boiling mechanism, which is commonly observed in modern direct injection engines [START_REF] She | Experimental study on improvement of diesel combustion and emissions using flash boiling injection[END_REF][START_REF] Senda | Improvement of combustion and emissions in diesel engines by means of enhanced mixture formation based on flash boiling of mixed fuel[END_REF]. Flash boiling atomisation occurs when a liquid is brought into a metastable superheated state. Specifically, when the environment pressure the liquid is injected into is lower than the saturation pressure of the liquid itself [START_REF] Reitz | A photographic study of flash-boiling atomization[END_REF]. This form of breakup has been reported to produce consistently fine droplet (SMD's < 50 µm) and high droplet number densities (up to 18 × 10 3 mm 3 ) at a liquid temperature range of 293-383 K and low injection pressures [START_REF] Shen | Measurement of the droplets sizes of a flash boiling spray using an improved extended glare point velocimetry and sizing[END_REF]. Furthermore, with a greater degree of superheat (amount at which liquid is heated past its boiling temperature) a narrowing of the spray plume angle is observed [START_REF] Zeng | Atomization and vaporization for flash-boiling multi-hole sprays with alcohol fuels[END_REF], thus reducing the penetration length of the spray. Although these properties are particularly attractive for spray CO2 absorption applications, it appears that no previous research has been published on this particular approach. To address this gap we provide quantitative results on the overall CO2 absorption when adopting the flash boiling mechanism for liquid solvent atomisation. The objective was to examine the effects of varying superheating degree of the solvent on capture performance using a blend of triethanolamine (tertiary class of amine solvent) and methanol. Methanol was chosen to help reduce the heat energy requirement for solvent desorption as regeneration penalties for aqueous blends are too high [START_REF] Luis | Use of monoethanolamine (MEA) for CO2 capture in a global scenario: Consequences and alternatives[END_REF]. Absorption capacities of the solvent blend over the range of nozzle-chamber temperature conditions and subsequent CO2 concentration drops are reported.

Material and methods

Apparatus and approach

Figure 1 displays a schematic of the experimental setup consisting of a constant volume spray vessel, high-speed camera, IR camera, and an LED light source. A single-hole injector (BOSCH HDEV-1-1HF) was used for solvent blend injection. Diffuse backlit imaging (DBI) was implemented using the high-speed camera (Phantom v2512) positioned at the eastern port of the chamber perpendicular to the injection direction, and 520 nm LED source with diffuser directly opposite at the western port. During the injection period, DBI images of the spray morphology was captured to verify the occurrence of flash boiling. The IR camera (FLIR X6900sc) operating at 1 kHz was fitted with a 4.26 µm IR bandpass filter (Edmund Optics, 84-073) and placed at the southern port facing directly towards the injector for IR imaging of the injector region. The spray vessel used sapphire windows at each of the open ports (east, west, and south) for optical access to the vessel's interior. The cartridge heaters and spray vessel were heated using a PID temperature control system. Figure 2 displays a sectioned view of the spray vessel chamber and optical setup. The injector itself is fixed in a metallic flange case that was heated using six cartridge heaters which surround the injector tip. Inlet and exhaust valves used for CO2 filling and purging are mounted at the corners of the spray vessel which is the top and bottom left regions in Figure 2. The CO2 within the chamber was not stationary throughout the experiment as a fan operating at approximately 1000 rpm was used to reduce thermal stratification. The rationale behind taking an IR optical approach was to gather quantitative CO2 gas concentrations at specific regions of the chamber during and after the injection process, which can then be used to quantify the absorption rate. This approach was also used for confirming the spray structure and confirm the degree of flash boiling. Finally, optical imaging methods offer the capability of mapping out spatial and temporal evolution of gas concentrations within the chamber pre, post, and during solvent injection. The IR images captured for this investigation were within the MWIR (mid-wave infrared) spectral band, specifically at the 4.2 µm wavelength. IR videos were captured when the vessel was filled with N2 (reference), during the CO2 filling process, injection period, and CO2 purging process. Each test point consisted in a total of 8 injection videos, with each video having 4x solvent injections (hence a total of 32 injections). To quantify CO2 concentrations from the IR images, correlations were made between image intensities and CO2 gas densities. Figure 4 displays a simplified diagram for the IR radiation transfer occurring from heated injector nozzle and metal surface towards the thermal sensor within the IR camera. Some components within the experiment emitted and/or absorbed IR radiation within the spectral band, one such being the CO2 gas which simultaneously emitted and absorbed heavily at the observed wavelength band. Therefore, the absorption and emission of each individual component within the experiment had to be considered in order to compute the CO2 concentration from the recorded IR intensities. 

Radiative heat transfer equation (RTE)

The radiative heat transfer equation describing the change of intensity (at a specific spectral range) with optical distance through a medium (in this case CO2) that simultaneously absorbs and emits (neglecting scattering effects) is shown in Equation 1 [START_REF] Modest | Radiative heat transfer[END_REF]:

= 𝜅 𝐼 -𝐼 , ( 1 
)
where 𝐼 is the transmitted (i.e. spatially attenuated) intensity [pixel counts], 𝜅 [m-1] is the linear absorption coefficient of CO2 , 𝐼 [pixel counts] is the blackbody radiation of the CO2, 𝐼 , [pixel counts] is the incident intensity entering the CO2 volume, and 𝑠 [m] is the distance through the CO2 or "path length". The product of 𝜅 and 𝐼 refers to emission of the CO2 and is proportional to the gas volume. The product of 𝜅 and -𝐼 , relates to the CO2 absorption and is negative due to light intensity decreasing as it propagates through the gas volume. The linear absorption coefficient of CO2 is calculated experimentally using the Lambert's attenuation law in equation 2 [START_REF] Oshina | Beer-Lambert law for optical tissue diagnostics: current state of the art and the main limitations[END_REF]:

𝜅 = , (2) 

Solution to the RTE and final modelling equation

For an isothermal gas layer with thickness 𝑠, the intensity transmitted through, whilst neglecting light scattering, can be obtained by integrating Equation 1 over path distance [START_REF] Modest | Radiative heat transfer[END_REF]:

𝐼 (𝑠) = 𝐼 , 𝑒 + 𝐼 (1 -𝑒 ) (3) 
where

𝜏 = 𝜌 ∫ 𝜅 𝑑𝑠 (4) 
which is the dimensionless parameter "optical thickness" and 𝜅 is the mass absorption coefficient [m 2 kg -1 ] calculated by dividing 𝜅 by CO2 density. Note that 𝑒 is equal to transmission, therefore 1 minus this value will give the absorption amount. When absorption amount is multiplied with the blackbody intensity of the CO2 and given a positive sign, this results in the emission term. The entire term (1 -𝑒

) is also the representation of CO2 emissivity. Considering there is an absorption constant 𝐴 relating absorption of external factors such as optics (sapphire windows, IR lens, and filter) as seen in Figure 2, Equation 3 is re-written as:

𝐼 (𝑠) = 𝐴𝐼 , 𝑒 + 𝐴𝐼 (1 -𝑒 ) (5) 
In Equation 5the constants 𝐴 and 𝐼 are experimentally unknown. Therefore, a simultaneous equation approach was taken to resolve this issue. Assuming a scenario where CO2 concentration is known (e.g. 100% CO2 environment), Equation 5 can be rearranged to solve for 𝐴 as a function of 𝐼 :

𝐴 = , , ( , , , ) (6) 
where 𝐼 , , [pixel counts] is the average intensity at 100% CO2 concentration, and 𝜌 , [kg m -3 ] is the theoretical density of CO2 at the experimental temperature and pressure conditions. Because 𝐴 is an experimental constant, Equation 6is substituted back into Equation 5giving:

I = I , , , , , , (7) 
where the only unknown remaining is 𝐼 (blackbody radiation of the CO2 in the spray vessel). 𝐼 was computed iteratively until the output transmitted intensity (𝐼 ) matched the experimental average intensity for a known CO2 concentration (i.e. 100% CO2, prior to the first solvent injection). As the gas was assumed to be under local thermodynamic equilibrium, 𝐼 remains constant and does not change with 𝜌 (i.e. during the CO2 absorption process). Equation 7was used for building a model that was fitted to the experimental average intensities recorded from the high-speed IR videos. CO2 densities at different time points, both pre-and post-solvent injection, could then be computed using the fitted model.

Experimental conditions and solvent blend

To simulate a degree of superheat for the flash boiling spray, four injector nozzle-chamber temperature conditions were tested which is shown in Table 1. The chemical solvent used for testing was a (20/80) wt% blend of triethanolamine (C6H15NO3) and methanol (CH3OH). Triethanolamine is a tertiary class type of amine and was selected for its high absorption capacity of 1, meaning 1 mol of amine is used in solution to absorb 1 mole of CO2. This is contrast to primary/secondary amine types which require 2 moles of amine per mole of absorbed CO2 [START_REF] Puxty | Carbon dioxide post combustion capture: a novel screening study of the carbon dioxide absorption performance of 76 amines[END_REF][START_REF] Bernhardsen | A review of potential amine solvents for CO2 absorption process: Absorption capacity, cyclic capacity and pKa[END_REF]. The concentration of TEA was kept at 20 wt% as high amine concentrations are linked to increased thermal degradation of the solvent and system corrosion [START_REF] Vega | Degradation of amine-based solvents in CO2 capture process by chemical absorption[END_REF]. This was mixed with methanol to keep the solvent blend boiling point as low as possible and minimise the energy penalty when desorbing CO2 for solvent regeneration. Table 2 summarises the properties of the solvent blend and its individual components. 

Image processing methodology

Figure 4 summarises the image processing methodology adopted to extract average pixel intensities from the IR images in preparation for fitting with the mathematical concentration model. The process begins with extracting dark image average counts during shutter closing and subtracting from the raw frames of each IR video. This is to correct any extra signal caused by the camera's own radiation. A small number of small 'hot' pixel clusters with abnormally high signal counts were corrected by thresholding those clusters and replacing them with the average of neighbouring pixels. Background radiation and hot pixel corrected frames are then masked. The region of interest (ROI) chosen for the mask was located at the upper left high emissivity region of the chamber beneath a cartridge heater (highlighted by red box in Figure 4). This area was chosen as it was less sensitive to gas stratification due to it being more elevated and nearer the fan (more homogenous gas distribution). Additionally, no window fouling could occur in this area, ensuring optical clarity. As the injector orifice was angled downwards, solvent deposits as a result of injection were observed on the bottom half of the sapphire window, but those did not affect the IR signal. Mean pixel intensities were then taken from the masked frames within the ROI at the beginning of each injection video. Averages at the beginning of the video were taken because when the solvent was injected, the chamber cooled down and decreased pixel intensity which can mislead calculations of CO2 concentrations. The gas heats back up and thermally stabilises between each injection video to the temperature of the vessel, so the beginning of each injection video represents a period where the CO2 is at local thermodynamic equilibrium. Equation 7was then used to create a model for 𝐼 and fitting with the mean pixel intensities from the image processing. This fitting process starts with finding 𝐼 through the method described in section 2.3.3, which leaves 𝜌 as the only unknown in Equation 6. The model is fitted over all experimental mean pixel intensities calculated from the image processing (8 injection videos) using the statistical least squares regression method. 

Results and discussion

Effect of superheat on CO2 removal and absorption capacity

The RTE model fitting results with experimental frame average pixel intensities for condition 120TEA120 are shown in Figure 5. All other conditions follow a similar trend (60TEA60, 90TEA60, 120TEA60). As can be seen between data point 2 and 3, there is a rise in pixel intensity. This rise is associated with the gas heating up and stabilising in temperature where it begins to emit more heavily at the observed wavelength 4.2 µm. There is no change in CO2 concentration during this stabilisation period. A gradual linear rise in pixel intensity is observed with the experimental data over time, which is caused by the reduction of CO2 content within the vessel. As the number of CO2 molecules decrease within the chamber, less IR absorption from the gas is occurring and more IR radiation emitted from the heated injector surface is transmitted through and received by the IR camera. DBI captures of the spray for each nozzle-chamber temperature condition is shown in Figure 6. In Figure 6(A), minimal flash boiling occurs, and the spray angle remains narrow. With increasing solvent temperature, the spray angle widens, spray penetration increases, and entire structure collapses towards the centre line of the injector which is most obvious in Figures 6(B) and 6(C). This structural collapse and denser mid-section at high superheat has been observed in another flash boiling spray investigation of similar liquid temperatures [START_REF] Zeng | Atomization and vaporization for flash-boiling multi-hole sprays with alcohol fuels[END_REF]. Figure 6(C) displays the spray forming a "tulip" shape with spray tip vortices becoming visible, which are typical signs of flash boiling and is caused by aerodynamic interaction between the solvent spray creating recirculation zones [START_REF] Oshina | Beer-Lambert law for optical tissue diagnostics: current state of the art and the main limitations[END_REF]. Gas temperature had no effect on the spray structure of the flash boiled spray and was entirely dependent on the solvent temperature. Absorption capacities were calculated by dividing the number of moles of CO2 within the chamber by the number of moles of triethanolamine injected. Figure 7 displays calculated absorption capacities (left axis) at each nozzle-chamber temperature condition for this work alongside data from literature on capacities of triethanolamine blends from other investigations. Absorption capacity was observed to increase with solvent temperature from 0.093 to 0.16 molCO2 / molamine from solvent temperature of 333K to 393K, which is a 72% increase. CO2 temperature had an even greater effect and increased the absorption capacity drastically to 0.46 molCO2 / molamine. It is clear that an increase in flash boiling superheat improves the CO2 absorption capabilities of the solvent. However, when looking at the calculated values for absorption capacities in this work (0.093 to 0.45 mol/mol), they generally appear lower than values found in the literature for the same solvent at lower temperatures. This is because the solvent blend used in our study is non-aqueous, and water is known to contribute significantly to the chemical absorption mechanism for tertiary amines. The base catalysed hydration mechanism is the most common theory describing the chemical reaction between tertiary amine and CO2. This theory suggests that a hydrogen bond is formed between water and a single molecule of tertiary amine which weakens the hydroxyl group (-OH), thus increasing reactivity and absorbing CO2 as a bicarbonate [START_REF] Mojtabi | The effect of flash boiling on break up and atomization in GDI sprays[END_REF]:

𝑅 𝑁 + 𝐻 𝑂 + 𝐶𝑂 → 𝑅 𝐻 + 𝐻𝐶𝑂 (8) 
where 𝑅 𝑁 is the tertiary amine in general form and 𝐻𝐶𝑂 being the final bicarbonate. This mechanism highlights that water participates in tertiary amine CO2 chemical absorption. Therefore, for the solvent blend tested for this work, it's assumed that only physical absorption takes place and no chemical reaction occurs between the tertiary amine and CO2. CO2 molecules simply diffuse into the droplet liquid bulk and don't chemically react with the amine to form the bicarbonate by-product shown in Equation 8. The right axis on Figure 7 is related to the overall drop in concentration over the entire injection period for each nozzle-chamber temperature condition. Drops in CO2 concentration followed the same trend as absorption capacities, whereby the % of CO2 removed improved steadily (from 5.6% to 8.9%) when solvent temperature was increased from 333K to 393K. Gas temperature again greatly increased CO2 removal up to 24% when at 393K. This capture performance boost is most likely linked to an increase in CO2 diffusion coefficient which is commonly observed at higher temperatures [START_REF] Donaldson | Carbon dioxide reaction kinetics and transport in aqueous amine membranes[END_REF][START_REF] Ahmadi | Experimental study and modelling on diffusion coefficient of CO2 in water[END_REF]. With a higher diffusion coefficient, more CO2 molecules are able to penetrate and fully saturate the liquid droplet. This explains how even though the flash boiled spray structure between condition 120TEA60 and 120TEA120 are very similar, capture performance is much higher for 120TEA120 due to more CO2 molecules diffusing and saturating each droplet. 

Conclusions

The effects of flash boiling atomised sprays with varying degrees of superheat for CO2 removal has been experimentally investigated using an IR optical approach. Superheat was achieved through heating the solvent blend to temperatures 333, 363, 393K and gas temperatures from 333K to 393K. The DBI technique successfully captured temporal spray characteristics and verified the occurrence of flash boiling. Absorption capacities and CO2 drops were calculated for each test condition based on fitting an adapted version of the radiative heat transfer equation with image processed experimental average intensities. Although no chemical reaction took place due to a non-aqueous solvent blend and absorption was purely physical, CO2 removal still occurred and the effectiveness of increasing superheat for CO2 absorbing flash boiling sprays was demonstrated. The main conclusions can be summarised as follows:

1) Increasing superheat degree through increased solvent temperature improved overall CO2 removal (up to 8.8%) and raises the absorption capacity of the solvent blend by 72% when compared to the lowest nozzlechamber temperature condition.

2) Further increase of gas temperature coupled with high solvent temperatures greatly improved CO2 removal (up to 24% captured) and absorption capacities (0.45 mol / mol).

Figure 1 .

 1 Figure 1. Schematic of experimental setup displaying position of near UV LED, IR camera, and high-speed camera relative to the constant volume spray vessel and injector. The red arrow represents the injection direction as well as the direction of IR radiation from the heated injector nozzle.

Figure 3 .

 3 Figure 3. Infrared view of the chamber from IR camera with annotations for the key components within view. A (non-IR)snippet of the injector nozzle tip is also included.

Figure 4 .

 4 Figure 4. Image processing methodology flow chart for correcting raw IR video frames, masking procedure with ROI, averaging pixel intensities in ROI, and least squares model fitting with RTE equation.

Figure 5 .

 5 Figure 5. Model fit of Iη as a function of CO2 density (red data points and dotted line) with experimental data from image processing (black data points). Each experimental data point (1 to 11, starting from the N2 ref on the left) represents the average intensity of 1 recorded IR video.Process begins on the left when the chamber is filled with N2 and finishes during the CO2 purge video. Directly after the filling period, the CO2 is at a temperature where it does not emit as much at the observed wavelength. Between data point 2 and 3 (CO2 thermal stabilisation period), CO2 concentration remains the same but heats up where it begins to emit heavily.

Figure 6 .

 6 Figure 6. Spray morphology from the POV of the Phantom high-speed camera with image scaling of 0.200 mm/pixel at (A) 333K solvent temperature and vessel temperature (B) 363K solvent temperature and 333K vessel temperature (C) 393K solvent temperature and 333K vessel temperature (D) 393K solvent temperature and vessel temperature.

Figure 7 .

 7 Figure 7. Absorption capacity calculated at each nozzle-chamber temperature condition. All circular data points are related to the work carried out in this investigation. Other shapes indicate absorption capacities of triethanolamine blends from the literature. Red data points are related to the red y axis on the right side.

Table 1 .

 1 Nozzle-chamber temperature conditions, vessel, and injection pressures used for testing.

		Nozzle (solvent)	Spray vessel (CO2)	Vessel pressure	Injection
		temperature [K]	temperature [K]	[MPa]	pressure
					[MPa]
	Condition 1 (60TEA60)	333	333	0.101325	0.6
	Condition 2 (60TEA60)	363	333	0.101325	0.6
	Condition 3 (120TEA60)	393	333	0.101325	0.6
	Condition 4 (120TEA120)	393	393	0.101325	0.6

Table 2 .

 2 Solvent blend and component properties

		Triethanolamine (TEA)	Methanol	TEA and methanol blend
	CAS number	102-71-6	67-56-1	-
	Critical temperature [K]	782.14	513.4	567.15
	Critical pressure [MPa]	4.32	8.22	7.44
	Density [kg m -3 ]	1124	786.06	786.64
	Boiling point [K]	608.55	337.85	391.99
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