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Abstract: In this work, we studied CO2 sorption and transport in two 

series of aliphatic-aromatic copolyimide membranes, as a function of 

chemical formulation, pressure and temperature. Such materials are formed 

by two distinct phases with rather different properties: the first one is 

formed of rubbery polyether segments (poly (propylene oxide) (PPO) or 

poly(ethylene oxide) (PEO)), characterized by favorable energetic 

interactions with CO2 and high flexibility, which endows the copolymers 

with high CO2 permeability, suitable for capture processes. The second 

phase is formed by hard glassy polyimide blocks, randomly distributed at 

the microscopic level, which provide the necessary thermal, chemical and 

mechanical stability.  

Previous studies indicate that CO2 permeability increases with increasing 

the amount of polyether phase in the copolymers; in the present work we 

investigate more deeply the interactions and synergies occurring between 

the two phases, by focusing separately on the CO2 solubility and 

diffusivity terms that contribute to permeability.  

In particular, by studying the shape of the solubility isotherm, as well 

as the values of diffusivity, sorption enthalpy and activation energy, we 

were able to monitor the transition from a glassy-like to a rubbery-like 

behavior as the fraction of rubbery component in the copolymer increases. 

The data indicate that polyether enhances CO2 permeability by acting 

mostly on diffusivity, while the solubility contribution is less affected 

on a quantitative basis. However, the qualitative behavior of solubility 

allows understanding the nature of interactions between the two phases. 

In particular, by using a simple additive approach to estimate the CO2 

solubility of the copolymer, and the Non Equilibrium Lattice Fluid (NELF) 

to evaluate the CO2 solubility in the pure homopolymers, one concludes 

that the copolymers sorption behavior is "ideal", i.e. purely additive, 

indicating a good combination of the two phases. The copolymer volume, on 

the other hand, shows a contraction upon combination of the two phases. 

The NELF modeling of solubility data allows attributing such a 

contraction only to the glassy phase, whose excess free volume is reduced 

in the presence of the rubbery portion in the copolymer, which possibly 



partly occupies such excess volume, indicating a strong interpenetration 

of the two phases. 

 

 

 

 



- CO2 sorption, diffusion in BPDA-ODA/PPO and BKDA-ODA/PEO copolymers were measured 

- The copolymers are formed by segregate domains of glassy imide and rubbery ether.  

- CO2 sorption isotherm changes with rubber percentage, allowing to locate a transition. 

- Polyether content enhances mostly the CO2 diffusivity and less clearly the solubility.  

- A model based on NELF is proposed in which solubility is predictively estimated 

- The glassy phase free volume and solubility are reduced by contact with rubbery phase 

Highlights (for review)
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Abstract 

In this work, we studied CO2 sorption and transport in two series of aliphatic-aromatic copolyimide 

membranes, as a function of chemical formulation, pressure and temperature. Such materials are 

formed by two distinct phases with rather different properties: the first one is formed of rubbery 

polyether segments (poly (propylene oxide) (PPO) or poly(ethylene oxide) (PEO)), characterized by 

favorable energetic interactions with CO2 and high flexibility, which endows the copolymers with 

high CO2 permeability, suitable for capture processes. The second phase is formed by hard glassy 

polyimide blocks, randomly distributed at the microscopic level, which provide the necessary 

thermal, chemical and mechanical stability.   

Previous studies indicate that CO2 permeability increases with increasing the amount of polyether 

phase in the copolymers; in the present work we investigate more deeply the interactions and 

synergies occurring between the two phases, by focusing separately on the CO2 solubility and 

diffusivity terms that contribute to permeability.   

In particular, by studying the shape of the solubility isotherm, as well as the values of diffusivity, 

sorption enthalpy and activation energy, we were able to monitor the transition from a glassy-like to 

a rubbery-like behavior as the fraction of rubbery component in the copolymer increases. The data 

indicate that polyether enhances CO2 permeability by acting mostly on diffusivity, while the 

solubility contribution is less affected on a quantitative basis. However, the qualitative behavior of 

solubility allows understanding the nature of interactions between the two phases. In particular, by 

using a simple additive approach to estimate the CO2 solubility of the copolymer, and the Non 

Equilibrium Lattice Fluid (NELF) to evaluate the CO2 solubility in the pure homopolymers, one 

concludes that the copolymers sorption behavior is “ideal”, i.e. purely additive, indicating a good 

combination of the two phases. The copolymer volume, on the other hand, shows a contraction 

upon combination of the two phases. The NELF modeling of solubility data allows attributing such 

a contraction only to the glassy phase, whose excess free volume is reduced in the presence of the 

rubbery portion in the copolymer, which possibly partly occupies such excess volume, indicating a 

strong interpenetration of the two phases.  
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Introduction 

Carbon dioxide capture from gaseous streams, like flue gas, natural gas, biogas, syngas, is emerging 

as a crucial process in energy production for both economical and environmental reasons. In this 

framework, the development of a highly efficient and economic process for CO2 removal is 

required[1]. The separation of CO2 can be achieved by traditional processes, like amine-based 

absorption or physical adsorption on porous solids, which require high capital cost for large volume 

columns and high operative costs for energy consumption during regeneration. Those are some of 

the motivations that drive interest of researchers to study the membrane-based removal of CO2 from 

gas mixtures [2,3]. 

In a membrane separation process, it is important to have a membrane that guarantees high flux of 

the more permeable component and high separation factor that correspond to high values of 

permeability and selectivity, respectively. It is well known, however, that, given a certain value of 

permeability, there is a maximum selectivity that can be achieved with polymeric membranes, and 

vice versa, according to an upper bound drawn by Robeson for existing polymeric materials [4]. 

Usually, due to their rigid structure, glassy polymers and in particular polyimides show good 

mechanical, thermal and chemical resistance but modest permeability [5]. On the contrary, high 

permeability values can be observed in many rubbery polymers due to the flexibility of polymeric 

chains, although such properties are usually accompanied by low thermo- and chemical resistance. 

According to the previous considerations, therefore, a possible solution could rely on the design of 

copolymers formed by rubbery and glassy domains, in which the properties can be optimized by a 

careful choice of the type and amount of different monomers.  

In this study we focused on the characterization of two series of co(polyether-imide)s, i.e. block 

copolymers forms by a glassy polyimide and a rubbery polyether. In particular, the materials 

studied in this work are characterized by two different couples of polyimide and polyether 

segments. The first type is obtained by reaction of 3,3’,4,4′-bipheniltetracarboxyilic dianhydride 
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(BPDA) with a mixture of 4,4’-oxydianiline (ODA) and bis(2-aminopropyl) poly(propylene oxide) 

(PPO) with nominal molecular weight of 4000 g/mol. (BPDA-PPO4000-ODA).  The second set is 

obtained by combining 3,3’,4,4’- benzophenone tetracarboxylic dianhydride  (BKDA) with a 

mixture of the diamines 4-4’-oxydianiline (ODA) and ,-diamine poly(ethylene oxide) (PEO) 

with nominal molecular weight of 6000 g/mol (BKDA-PEO6000-ODA).  

Previous experimental works indicate that the CO2 permeability and selectivity of such materials 

increase by increasing the amount of polyether rubbery phase [6-10]. Such component has flexible 

chains, which can guarantee high CO2 permeability, due to their mobile structure coupled with a 

high affinity towards CO2. Such increase may be due partly to contribution of diffusivity, because 

of the greater flexibility of the rubbery chains with respect to the glassy ones, but also due to a 

contribution of higher solubility of CO2 in the polar polyether rubbery phase owing to its interaction 

with the oxygen atom of the ether moieties[11-12]. In these materials it was found that the 

permeability of the different gases follows the sequence: 
2242 NOCHCO PPPP  [6-10] which is 

the order of decreasing penetrant condensability; moreover, the diffusion coefficient is only a weak 

function of penetrant size, because of their poor polymer-size sieving ability. Therefore, the relative 

permeability of each penetrant is largely determined by its solubility. 

There are also indications that soft and hard blocks in those copolymers form a micro-segregated 

structure, with a rubbery and glassy phase that are not completely independent, but interact to some 

extent [6-10]. As it was demonstrated in other papers, Tg of the polyether is normally between -80 

and -60 °C, i.e. well below the temperature of common permeability measurement , and Tg of the 

aromatic polyimide is normally between 200 and 270 °C, i.e. well above the measurement 

temperature; thus there is good separation between the two phases because two different Tg values 

are detected. No specific morphology was observed in the copolymers, and thus we can consider 

that they are randomly distributed.  
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For such reasons, given the encouraging permeability results[6-10], we decided to study in more 

detail the sorption and diffusion mechanisms that govern permeation, studying the effect that the 

amount of rubbery phase has on the two separate contributions, i.e. solubility and diffusivity. We 

also tested the effect of temperature, in the range between 30 and 60°C. Such analysis allows 

evaluating the sorption enthalpy and activation energy of diffusion, and find their dependence on 

copolymer formulation. Such analysis provides a further insight into the degree of interaction 

between phases and also on the dominating nature of the final copolymer, because such values are 

usually different for rubbery and glassy polymers. 

Finally, the data obtained were modeled in order to understand the mechanisms governing the 

interactions between the two phases from their behavior. The modeling work was carried out only 

on the sorption data, while the diffusion coefficients were estimated and treated as effective values 

representative of the overall composite structure. A more rigorous approach, involving the separate 

contributions of diffusion in the two phases, would require a detailed knowledge of their spatial 

distribution, that is very difficult to determine and beyond the scope of the present work.    

We assumed, for the purposes of modeling, that the two phases are randomly distributed, and thus 

that the sorption of the system can be treated as the one of a composite material where the 

properties of the composite are a fairly simple combination of the properties of the two phases. 

However, one has to consider that such copolymers are formed by two domains that are chemically 

and physically rather different, in particular one is rubbery and the other one is glassy. Those two 

states have a different thermodynamic behavior, and the solubility in such structures must be treated 

with specific modeling tools [13]. The rubbery phase is in true thermodynamic equilibrium and its 

density can be calculated from an Equation of State (EoS) once temperature and pressure are fixed; 

for the gas-rubbery polymer mixture that is formed as the result of the sorption process, the state is 

completely specified by temperature, pressure and composition (or temperature, pressure and 

density). The solubility isotherms of gases in rubbery polymers can be linear, or concave to the 
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concentration axis when sorption-induced swelling becomes relevant, as in the case of CO2 

sorption. The sorption in such phase can be modeled with an approach suitable for macromolecular 

structures, either using the activity coefficient approach, like the Flory Huggins (FH) model [14-

16], or the Equation of State approach, as the Lattice Fluid [17], SAFT or [18] PHSC model [19]. 

Usually, EoS models contain a limited number of adjustable parameter, only one of them is a binary 

mixture parameter while the others are pure component parameters whose values are obtained 

directly from the pure polymer or pure penetrant behaviors; in addition EoS models allow 

predicting, without additional input, the density of the gas-polymer matrix, i.e. the swelling of the 

polymer induced by gas sorption, that is not possible using an activity coefficient model [20]. 

The glassy phase is in a pseudoequilibrium state where mobility is hindered and its density has a 

value lower than at equilibrium, which depends on the system history. Typically, the gas solubility 

isotherm in an amorphous glassy polymer can be linear, as in the case of light gases, or concave to 

the pressure axis: the larger is the out of equilibrium degree of the matrix, i.e. its excess free 

volume, the more marked is the deviation from linear behavior in the low pressure range. In some 

particular cases, like the absorption of alcohols in high free volume glassy polymers, the isotherm 

exhibits even a sigmoidal shape [21].  

One of the most commonly used approaches to describe gas sorption in glassy polymers is the Dual 

Mode Sorption model, that combines an Henry’s law contribution and a Langmuir term and 

contains three binary parameters for each gas-polymer mixture and temperature [22-24]. The 

success of the model lies in its ease of use and possibility to a qualitative link between the three 

parameters and physical properties of the system. 

A different tool, that can be seen as an extension to the glassy state of the EoS model valid for 

rubbery polymers, is the Non Equilibrium Theory for Glassy Polymers (NET-GP) approach [13, 25-

26]. With respect to the EoS models, such approach adopts an additional state variable to univocally 

define the state of the glassy systems and of its mixtures, namely the polymer density, which differs 
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from the equilibrium value and must be provided as an input to the model. A non equilibrium 

version has been proposed for each of the main EoS models for polymers, generating the NE-LF, 

NE-SAFT, NE-PHSC models, that adopt the same set of parameters proposed by the original 

theories [13]. As an example: the CO2 sorption in polysulfone can be described with SAFT EoS 

above Tg and the NE-SAFT model below Tg with the same, constant values of pure component and 

binary parameters [13].  

It is thus clear that different approaches can be followed to model the CO2 sorption in the rubbery 

and glassy part of the copolymers studied. In principle, one can use the FH model for the rubbery 

phase, and the DMS model for the glassy one, but such theories have no relation one with another. 

For this reason, in this work, we decided to use EoS models to model the CO2 sorption in the 

rubbery part, and the corresponding Non Equilibrium version (NE-EoS) for the glassy phase. Such 

choice allows us to treat both phases with a unique scheme of representation,i.e. the Lattice Fluid 

framework in the case we selected of LF models, (as an alternative one could have applied  the hard 

sphere chain picture used in the case of SAFT and PHSC theories) and a homogenous set of 

parameters. Plus, such choice allows estimating the gas-induced dilation in the rubbery part of the 

copolymer and to predict the solubility isother in both phases.  

The choice of the particular EoS model is based on the physico-chemical nature of the systems 

investigated: we chose the Lattice Fluid Theory by Sanchez and Lacombe [17] because the 

substances under study have a mild or negligible polarity, and are not crosslinked. Furthermore, it 

has been shown in previous works that the LF EoS model is a reliable tool to model the CO2 

sorption in rubbery polymers similar to the ones inspected here, namely the crosslinked 

polyethylene oxide (XL PEO) [27]; and that the NE-LF model is also successful in representing the 

sorption of gases and vapors in a glassy polyimide system such as Matrimid [28,29].  

Besides, both the LF and NELF models were used by several authors for representing solubility in a 

wide variety of situations as the sorption of gases, vapors and liquids in amorphous homopolymers, 
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semicrystalline structures [30], mixed matrix membranes, blends, copolymers, and to represent 

sorption isotherms correctly in all such systems, independent of their shape [13, 31-37]. 

After having used the chosen models to represent the CO2 solubility in the two distinct phases, the 

solubility in the copolymer was calculated by summing the two contributions, according to a simple 

additive scheme in which each phase behaves like the corresponding pure homopolymer, in terms 

of pure component and binary gas-polymer parameters. The comparison with experimental data 

provides a further insight into the extent and nature of interactions between the two phases that form 

the material and their effect on the CO2 transport.  

To our knowledge, this is probably the first work related to the modeling of a copolymer formed by 

rubbery and glassy phases, which are segregated at the microscale level. Additional insights in this 

type of materials could shed light on the design of new materials with enhanced gas separation 

properties  

 

1. Experimental 

1.1. Materials 

Four samples of BPDA-PPO4000-ODA copolymers were studied, containing 28.24 wt%, 43.34 

wt%, 59.17 wt% and 67.38 wt% of PPO and named as BPDA-PPO-ODA 1/1, 2/1, 4/1, 6/1. The 

samples BKDA-PEO6000-ODA 2/1 and 4/1 contained respectively 44.20 wt% and 60.40 wt% [7] 

of PEO. In Fig. 1 chemical structures of PPO, PEO, BPDA, BKDA and ODA are reported.  

Polymers were synthesized mixing polyether aliphatic diamine with aromatic diamine in 

appropriate weight ratio (1/1, 2/1, 4/1, 6/1) in N,N’-dimethylacetamide (DMAc). Reaction mixture 

thus obtained was cooled down to 0°C and dianhydride was added stirring overnight at room 

temperature to obtain a high viscosity solution, which was diluted in DMAc to the appropriate 

viscosity for casting. For more details refer to previous works. 
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(a) 

 

(b) 

 

(c) 

 

(d) 

 

(e) 

 

 

Fig.1: Structure of  (a) diamino-terminated PPO, (b) diamino-terminated 

PEO, (c) BPDA, (d) BKDA and (e) ODA [6,7] 

 

The density of the copolymers inspected varies with the composition: an analysis of the density 

data can give information on the mixing volume between the two phases forming the copolymer. 

Densities of PPO-based copolymers and of the corresponding homopolymers are known from a 

previous work [6], while data relative to the PEO-based samples were obtained in this work by 

measuring the samples weight and volume. For the homopolymers density values, we used 

literature data  [5, 6, 38-41]. 

The values of specific volume of these samples were plotted versus the mass percentage of rubbery 

phase, R , in Figure 2 and compared with “ideal mixture” volume calculated from the pure rubber 

and pure glass specific volumes, 0
R̂v  and 0

Ĝv , as follows: 

0 0ˆ ˆ ˆ1ideal R R R Gv v v                                                                                            (1) 
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It can be seen in Figure 2a and 2b that for both types of copolymers, the volume is lower than the 

ideal mixture value, so that a contraction occurs upon phase mixing. The volume of tested 

materials can be interpolated with the following equations: 

112131 1032.71077.21036.31054.3ˆ   PPOPPOPPOcopolv   (PPO-based)                     (2) 

 
1222 1028.71088.71031.8ˆ   PEOPEOcopolv   (PEO-based)                                                   (3) 

The negative value of the mixing volume can be due to a contraction of the glassy phase, of the 

rubbery phase, or both. Usually, glassy polymers have free volume in excess with respect to their 

equilibrium value, which can vary depending on the preparation protocol and history of the solid 

material. Moreover, it is known from the study of the properties of semicrystalline polymers, that 

the density of the rubbery amorphous regions may be lower than that of the equilibrium value 

when surrounded by crystalline domains, due to the compressive stress applied by such structures 

[30]. Some previous data indicate that the soft rubbery segments penetrate part of the free volume 

of the glassy domains in the copolymers here inspected. Therefore, the appearance of a negative 

mixing volume is not surprising. In the following modeling analysis of CO2 solubility data, we will 

investigate in more detail this aspect.                      
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Fig. 2: Specific volumes of (a) BPDA-PPO-ODA and (b) BKDA-PEO-ODA copolymers as a function of rubbery 

phase weight percentage; solid lines are interpolations (Eq. 2 and eq. 3) and dashed lines is additive rule (Eq. 1). Data 

for BPDA-PPO-ODA are taken from ref. [6]; data for BKDA-PEO-ODA are measured in this work by measuring the 
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sample weight and volume. Data for pure homopolymers PEO and BKDA-ODA are taken from ref. [38] and [40], 

respectively. 

 

It has to be noted out that, in PEO-containing materials, there is also some degree of crystallinity, 

which increases with the amount of PEO. In particular, in a previous study, it was observed that 

BKDA-PEO-ODA 2/1 and 4/1 contain 0.4% and 0.9% of total PEO in the crystalline state, 

respectively [6-9]. 

In Table 1 we report composition, density  and thickness l of all tested materials, in particular for 

BPDA-PPO-ODA 4/1 and 6/1 density has been calculated by means of equation (2): 

 

Table 1: Properties of copolymer samples investigated in this work. 

Sample 
Rubber 

content 

Amorphous rubber  

content 
 Thickness 

 wt% wt% g/cm
3
 m 

BPDA-PPO-ODA 1/1 28.24 28.24 1.267 161±19 

BPDA-PPO-ODA 2/1 43.34 43.34 1.230 57±16 

BPDA-PPO-ODA 4/1 59.17 59.17 1.187 141±8 

BPDA-PPO-ODA 6/1 67.38 67.38 1.159 154±43 

BKDA-PEO-ODA 2/1 44.20 43.80 1.281 116±1 

BKDA-PEO-ODA 4/1 60.40 59.90 1.244 107±2 

 

1.2. Experimental: sorption measurements 

Sorption experiments were carried out in a pure gas pressure decay apparatus described in  

previous works [42,43]. At each temperature we carried out two or more experimental tests to 

verify reliability and reproducibility of experimental results. 

Following a well-accepted procedure and monitoring the pressure decay in a known volume we 

evaluated equilibrium concentration of CO2 in the polymers at increasing pressures up to 30 bar, 

obtaining solubility isotherms, and calculating also diffusivity D by fitting the sorption kinetics 

data of each sorption step with the following equation [44]:  
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M0 and M∞ are the initial and final equilibrium mass uptake in the sorption step, respectively,  is 

the ratio between the volume of gas phase and that of the membrane, corrected for the partition 

coefficient of gas between the gaseous phase and the polymeric phase, l is the thickness of the 

membrane, and qn variables are the positive, nonzero, solutions of the equation: nn qqtg )( . 

Considering data available at different temperatures, sorption enthalpies SH
~

  and diffusion 

activation energy ED can be calculated with the following two equations, where R is the universal 

gas constant: 

p
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
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2. Experimental results 

2.1. Solubility and diffusivity of CO2 in BPDA-PPO4000-ODA copolymers 

CO2 sorption experiments were carried out up to 30 bar at 30, 45 and 60°C in BPDA-PPO 4000-

ODA copoly(ether-imide)s  and solubility and diffusivity were evaluated at various pressures.  

The solubility data in each copolymer are reported in Fig. 3 at different temperatures. First of all 

one can notice that these materials show quite high CO2 solubility, up to 40 cm
3
(STP)/cm

3
 at 20 

bar, which is similar to the value found for commercial rubbery PDMS that is equal to 28 

cm
3
(STP)/cm

3
 at the same pressure [45]. 

The solubility, as usual, decreases with increasing temperature and the data can be used to 

calculate sorption enthalpies, shown in a subsequent section. Interestingly, by increasing the 

proportion of the rubbery phase in the copolymer, the shape of the trend line that best fits the mean 
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values of solubility changes. In particular, such trend lines are slightly concave to the 

concentration axis (like in rubbery sorption) if the rubbery phase content is higher than 43 wt% 

(Fig. 3c, d). If rubbery phase percentage is lower than 30% wt% the trend line that provides the 

best fitting becomes concave to pressure axis, like in glassy polymers (Fig. 3a).  

The diffusivity values, calculated from sorption kinetics data, are reported in Figure 4 for the 

various copolymers at different temperatures. The extent of CO2 diffusivity variation with 

temperature is lower for materials with higher amount of rubbery PPO. The diffusivity observes a 

step increase of 2 orders of magnitude when the weight percentage of PPO in the sample goes 

above 44 wt% (from 10
-8 

÷ 10
-7

 cm
2
/s to 10

-5
 cm

2
/s). Such a remarkable increase indicates a strong 

variation of the copolymer nature with increasing amount of PPO, with a dramatic increase of 

polymer flexibility above a certain threshold. The solubility behavior, on the other hand, seems 

less affected by the copolymer formulation, as is discussed above.   
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Fig. 3: The effect of temperature on CO2 solubility isotherms in BPDA-PPO4000-ODA 1/1 (a), 2/1 (b), 4/1 (c) and 6/1 

(d) samples. Solid lines are data interpolations. 
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Fig. 4: The effect of temperature on CO2 diffusivity in BPDA-PPO4000-ODA 1/1 (a), 2/1 (b), 4/1 (c) and 6/1 (d) 

samples. Solid lines are data interpolations. 
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The influence of copolymer composition on permeability was studied in previous works [6-10], 

and showed an enhancement of permeability with increasing PPO content in the membranes. In 

this work, we have the possibility of analyzing the effect that the copolymer composition has, 

separately, on diffusivity and solubility contribution.  

Solubility of CO2 is a very weak function of the copolymer composition in the entire range of 

temperature investigated, as can be seen from Fig. 5 for the temperature of 30°C. Corresponding 

charts obtained at 45 and 60°C show similar trends and are visible in Fig. S1 and Fig. S2 in the 

Supplementary Material.  

On the other hand, it is evident from Fig. 6 that increasing PPO percentage in the material has a 

strong effect on CO2 diffusivity, at 30°C. Diffusivity value for the copolymer 1/1 is one order of 

magnitude higher with respect to the value (3.5·10
-9

 cm
2
/s) of the pure polyimide [39], showing the 

marked effect of the rubbery phase content on average diffusivity rather than solubility. Moreover, 

we observe a dramatic increase of diffusivity above a certain PPO content, indicating a sharp 

transition from a glassy-like behavior to a rubbery-like behavior, that is also testified by changes of 

the shape of the trend line that best fits the mean solubility values. Such a transition is located 

between a PPO weight fraction of 43% and 59%. Corresponding charts obtained at 45 and 60°C 

show similar trends and are visible in the Supplementary Material in Fig. S3 and Fig. S4. 
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Fig. 5: The effect of copolymers composition on CO2 solubility isotherms in BPDA-PPO4000-ODA copolymers at 

30°C. Data at 45 and 60°C are reported in the Supplementary Material.  
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Fig.6: The effect of copolymers composition on CO2 diffusivity in BPDA-PPO4000-ODA copolymers at 30°C. Solid 

lines are data interpolations. Data at 45 and 60°C are reported in the Supplementary Material. 
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2.2. Solubility and diffusivity of CO2 in BKDA-PEO6000-ODA copolymers 

As for the previous series of materials, also for this series we carried out sorption experiments in 

the temperature range 30-60 °C up to 30 bar to observe effects of operative conditions and 

copolymer compositions on solubility and diffusivity of CO2. The solubility in these copolymers is 

lower than that observed in the copolymers based on PPO. 

For BKDA-PEO-ODA 2/1 solubility decreases significantly going from 30°C to 45°C, after that a 

slight variation can be observed increasing the temperature up to 60°C. On the contrary for 

BKDA-PEO-ODA 4/1 a gradual decrease of solubility with temperature can be observed in Fig. 7. 

Diffusivity increases significantly with temperature in these membranes, as reported in Fig. 8, in 

particular by increasing temperature from 30°C to 60°C, D increases of one order of magnitude 

from 3∙10
-8 

cm
2
/s up to 5∙10

-7
 cm

2
/s in 2/1 sample, while in 4/1 sample it varies by almost 2 orders 

of magnitude, from 3∙10
-8

 cm
2
/s up to 10

-6
 cm

2
/s The diffusivity value increases with CO2 

concentration due to a penetrant induced swelling, which has been calculated through LF EoS and 

will be shown in a subsequent section. 
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Fig.7: The effect of temperature on CO2 solubility in BKDA-PEO6000-ODA 2/1 (a), 4/1 (b). Solid lines are data 

interpolations. 
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Fig.8: The effect of temperature on CO2 diffusivity in BKDA-PEO6000-ODA 2/1 (a), 4/1 (b). Solid lines are data 

interpolations. 

 

Considering the variation of CO2 solubility with membrane composition, a higher effect of the 

rubbery PEO-phase than that observed for PPO-based copolymers is apparent from Fig. 9, that 

shows data at 30°C. By increasing PEO amount from 44.20 wt% to 60.40 wt% in the membrane 

[7-10], the solubility of CO2 increases by 20% at 30°C, while at 45°C and 60°C solubility doubles 

(see the Supplementary Material, Fig. S5 and Fig. S6, for data at 45 and 60°C). Moreover, the 

solubility isotherms of these copolymers are never concave to pressure axis, as in the case of 

glassy polymers, indicating a strong effect of the PEO-based rubbery phase over the glassy one, 

due also to higher proportions of rubbery phase used in these copolymers.  

The CO2 diffusivity at 30°C, reported in Fig. 10, increases by increasing PEO content in the 

membrane, although not as much as in PPO-based copolymers. In particular, all the PEO-based 

samples inspected have a mass fraction of PEO higher than 44 wt%, which is close to the threshold 

above which the PPO-based copolymers show a marked diffusivity increase. Similar trends are 

observed at 45 and 60°C, and are reported in the Supplementary Material in Fig. S7 and Fig. S8.   

Therefore in this case, the observed increase of permeability with increasing PEO content in the 

membrane reported in previous works [7-10] is due to a simultaneous increase of solubility and 

diffusivity induced by the rubbery part of copolymer. 
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Fig.9: The effect of copolymers composition on CO2 solubility isotherms in BKDA-PEO6000-ODA copolymers at 

45°C. Solid lines are data interpolations. Data at 45 and 60°C are reported in the Supplementary Material. 
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Fig. 10: The effect of copolymers composition on CO2 diffusivity in BKDA-PEO6000-ODA copolymers at 45°C. 

Solid lines are data interpolations. Data at 45 and 60°C are reported in the Supplementary Material. 

 

 

2.3. Sorption enthalpies and activation energies 

The experimental data indicate that gas solubility decreases with increasing temperature in both 

series of copolymers, consistently with the exothermic nature of sorption. The composition of 

copolymers, however, affects the absolute value of the heat of absorption and consequently the 
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dependence of solubility on temperature, as it can be seen in Fig. 11. For these materials, the 

sorption enthalpies increase in absolute value by increasing glassy phase content in the material, 

which is consistent with the higher values of sorption enthalpies normally observed in glassy 

phases. The values obtained are also in line with pure homopolymer values for BPDA-ODA [41], 

PPO [46] and PEO [47]. The sorption enthalpy is the sum of condensation and mixing effects: in 

the charts we provided, as an indication, the condensation enthalpy of CO2, as a horizontal line, 

[48] so that the distance of total sorption enthalpy from this line quantifies the heat of mixing.  The 

absolute values of sorption enthalpy decrease with increasing amount of rubbery phase on both set 

of copolyimides, falling approximately between the extreme values given by the sorption 

enthalpies of CO2 in the two pure homopolymers. Glassy polymers are usually characterized by 

higher absolute values of gas sorption enthalpy with respect to rubbery polymers, due to the 

presence of the additional free volume in the glassy state, which does not require the positive 

deformation energy to accommodate sorbed molecules. However, CO2 sorption in rubbery 

polyethers is somehow peculiar because CO2 interacts favorably with the polymer chain, giving 

rise to negative mixing enthalpies, that sum with the condensation enthalpy of CO2 and produce 

sorption enthalpy values which are generally higher, in absolute values, than those measured for 

CO2 in non polar rubbers. 

               (a) 

 

0 20 40 60 80 100
6

10

14

18

22

26

30

PPO

BPDA-PPO-ODA copolymers

BPDA-ODA

Heat of condensation for CO
2

 

 

-
H

S
 (

k
J
/m

o
l)

PPO wt%

 

         (b) 

0 20 40 60 80 100
6

10

14

18

22

26

30

PEO

BKDA-PEO-ODA 4/1

BKDA-PEO-ODA 2/1

BPDA-ODA

Heat of condensation for CO
2

 

 

-
H

S
 (

k
J
/m

o
l)

PEO wt%

 
Fig.11: The effect of copolymers composition on CO2 sorption enthalpies in BPDA-PPO-ODA (a) and BKDA-PEO-

ODA (b) copolymers. Data of pure BPDA-ODA, PPO and PEO are taken from literature references [41], [46], [47]. 
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For PPO copolymers, diffusivities follow an Arrhenius type of behavior in the entire range of 

temperature 30-60°C; on the contrary, for PEO copolymers a transition seems to occur between 35 

and 45°C, which is consistent with data of permeability versus temperature reported in ref [7]. 

Activation energies for diffusion process in both series of copolymers are reported in Fig. 12.  

The value of ED measured in PEO copolymers, is at least double than the corresponding values 

measured in PPO copolymers at fixed CO2 concentration. This difference may be related to the 

different glass transition temperature of the polyethers (203 K for PPO [6] and 250 K for PEO 

[49]): according to van Krevelen [50] the value of ED for rubbery polymers increases with their Tg, 

while glassy polymers show the opposite behavior. For PPO copolymers, ED decreases with 

increasing rubbery phase content, consistently with the fact that the rubbery phase is more flexible 

and mobile than the glassy one. On the other hand, in PEO-based copolymers the behavior with 

composition is reversed; however, it must be said that in such case the error can be rather high, and 

that the crystalline content of the copolymer may increase with the amount of PEO, giving rise to 

higher energetic barrier for diffusion. For crosslinked PEO a value equal to 52 kJ/mol has been 

reported [51], while no value for pure PPO or BKDA-ODA is available.  
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Fig.12: Activation energy for diffusion in BPDA-PPO-ODA and BKDA-PEO-ODA copolymers. 
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3. Models 

The solubility of a gas in a rubbery or glassy polymer can be modelled and predicted with lattice 

fluid models, considering equilibrium and non-equilibrium conditions respectively, applying the 

equality of chemical potential of penetrant between the gaseous and the polymeric phase 

[13,25,26]. 

The LF models require knowledge of the pure components characteristic parameters, *T , *p , * , 

of polymers and penetrants, which can be obtained from best fit of LF EoS with vapor-liquid 

equilibrium data for gases and PVT data for polymers.  

We report in Supplementary Material a table with the main equations and parameters of lattice fluid 

models. 

The models also contain a binary gas-polymer interaction parameter, kij, which affects the 

characteristic pressure of the gas-polymer mixture and can be set equal to zero, in first order 

approximation, or adjusted on solubility data, and a swelling coefficient,  ksw, that relates density to 

pressure and dry polymer density 
0

POL according to the following equation: 

)1(0 pk swPOLPOL                              (7) 

based on the experimentally observed gas-induced polymer dilation data [52-55]. The NELF 

model has been used to describe and even predict the solubility of pure and mixed fluids in many 

complex polymeric systems such as polymer blends, crosslinked polymers [27], semicrystalline 

structures [30] and composite materials [56-57]. In the present case we deal with a copolymer 

formed by a rubbery phase, at equilibrium, and a glassy phase, that is not at equilibrium. In 

general, both phases are active during the sorption process and the gas concentration can be 

expressed assuming additivity of the solubility contributions due to both phases, named 
Rc  and 

Gc  

respectively: 

1copol R R R Gc c c                                                                                                 (10) 
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In the above equation, the concentration of gas absorbed by the rubbery phase is estimated at each 

pressure with the LF EoS model, while the concentration of gas absorbed by the glassy phase is 

estimated with the NELF model. Different assumptions can be made for the degree of interaction 

and interpenetration between the two phases, which affect the choice of the parameters required by 

the equilibrium and non-equilibrium models in order to calculate the solubility. 

In particular, use of the LF EoS to calculate the concentration of a gas dissolved in a rubbery 

polymer requires the values of the pure gas and pure polymer parameters, as recalled above, and of 

a binary energetic parameter kij (gas-polymer). In this work, we assumed that the rubbery pure 

polymer phase parameters are equal to those obtained for the corresponding pure rubbery 

homopolymer. The binary parameter kij is taken equal to the one obtained based on the solubility 

of the gas in the pure homopolymer. 

Considering the density values of the polymeric phases to be used in the modeling, one has to 

account for the fact that the copolymer volume is lower than the sum of the homopolymer volume 

contributions, due to the negative mixing volume observed experimentally; thus the density of one 

or both phases is higher than that of the corresponding pure homopolymer. Indeed the glassy 

phase, by nature, can assume rather different density values at fixed pressure, temperature, and gas 

composition; however, also the rubbery phase present in the copolymer may be not free to assume 

the pure homopolymer equilibrium density value, due to the confinement by the rigid phase. In 

order to reduce the number of adjustable parameters in the model, and following physical 

considerations and model assumptions, we attributed the negative mixing volume entirely to the 

glassy phase, and assumed that the rubbery density value is equal to that of the pure homopolymer 

0ˆ ˆR Rv v . The glassy density value indeed is not a unique value because it can vary due to different 

sample histories; the NELF model is thus already set to account for such variations and to account 

for different values of polymer density, decoupled from the prevailing temperature, pressure and 

composition values. We were lead to this assumption also based on some previous results 
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indicating that in these copolymers portions of the excess free volume of the glassy domains are 

penetrated by soft segments. Accordingly, the value of glassy specific volume in each copolymer, 

Ĝv , can be calculated from experimental data of the copolymer volume with the following 

equation 

0ˆ ˆ ˆ1copol R R R Gv v v                                                                                                            (11) 

Such assumptions allow calculating solubility with a minimum number of experimental data as 

input, but can also provide a physical insight into the nature of the copolymers under 

consideration. In particular, the validity of the assumptions made on the density behavior of the 

copolymer material will be verified by comparing the calculation of the model with the 

experimental gas solubility data at different compositions. A good match will indicate that the 

assumptions made about the interactions between rubbery and glassy phase are correct. As a 

further confirmation, we will also test the ability of alternative assumptions to represent the 

solubility data. 

 

4. Modeling  

4.1. Evaluation of pure component parameters  

The lattice fluid pure component parameters, T*, p*, *, are required for CO2 and for the different 

polymeric materials forming the copolymer. For the pure homopolymer PPO, no parameters were 

already available in the literature and we fitted the LF EoS model on the experimental Pressure-

Volume-Temperature data. The fitting is reported in the Supplementary Material in Fig. S9; the 

maximum error between model and data is below 1% and the LF parameters obtained are listed in 

Table 2.  

 

For BPDA-ODA and BKDA-ODA, pure component PVT data above Tg are not available and we 

followed a different procedure, as follows: the NELF model is fitted on experimental solubility 

data in the two pure glassy homopolymers, taken from the literature, at fixed pressure and 
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temperature [18,25]. The fitting is carried out by keeping fixed and equal to zero the values of 

binary interaction parameters kij and swelling coefficients ksw. The fitting between model and data 

is shown in the Supplementary Material in Fig. S10, and the set of parameters thus obtained is 

listed in Table 2, together with those of PPO, CO2 and PEO taken from refs. [25] and [27], 

respectively. 

Table 2: Sanchez and Lacombe pure component LF parameters 

Component T* p* * Reference Source of data 

 K MPa g/cm
3
   

PPO 542 420 1.096 This work [38] (PVT data) 

PEO 590 620 1.218  [27]  

BPDA-ODA 570 480 1.610 This work 
[41] (solubility of CO2, 

CH4, CO, H2) 

BKDA-ODA 670 600 1.530 This work 
[40] (solubility of CO2, 

CH4, CO, O2, N2) 

CO2 300 630 1.515 [25]  

 

 

4.2. Evaluation of binary parameters   

The binary parameters of the LF and NELF models have been fitted based on experimental data of 

CO2 sorption or dilation in the pure homopolymers. For rubbery phases, which are in 

thermodynamic equilibrium, the only binary parameter is kij, while ksw does not need to be 

specified, as it is a result of the model simulation itself being obtained from the equation of state 

for the gas-polymer mixture at that concentration. For glassy phases one needs to estimate also ksw. 

A rather simple set of binary parameters has been used for the present modeling work: 

-The binary interaction parameters kij are set equal to zero for all rubbery and glassy components, 

with the exception of those based on PEO, for which a value of kij=0.016 has been reported [30]. 

Such values allows to represent properly the CO2 dilation data in the pure homopolymers PPO and 

PEO [46,47] (Figure 13 a, b), as can be seen in Figure 13 a and b, and were thus kept also for 

modeling the solubility of the components of the copolymer. Also the fitting of the solubility data 

in pure BPDA-ODA is adequate putting kij=0. (Figure 13 c, data from [39]) Such parameter 
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represents interactions between CO2 and monomers, and thus does not depend on the lengths of the 

polymeric components of the copolymers.  

-The swelling coefficient has been set equal to zero (ksw=0) for the glassy components, due to their 

rigidity. Such assumption also implies that only the rubbery phase is responsible for swelling of 

the copolymers, which can be estimated using the model. The assumption provides a good fit of 

the CO2 solubility in pure BPDA-ODA taken from ref. [39] (Figure 13) and it was thus considered 

valid also for the BPDA-ODA phase present in the copolymers.  

           (a) 

0 10 20 30 40 50 60 70
0

10

20

30

40

50

 
 


V

/V
0
 (

%
)

Pressure (bar)

volume dilation in pure PPO during CO
2
 sorption

 T=25°C       Model:                    

 T=35°C       LF Model

                                     k
ij
=0

    

 

           (b) 

0 10 20 30 40 50 60 70 80 90
0

10

20

30

40

50

 

 


V

/V
0
 (

%
)

Pressure (bar)

volume dilation in pure PEO during CO
2
 sorption

 T=40°C         Model:                    

                        LF Model

                                     k
ij
=0

    

 
        (c) 

0 5 10 15 20 25 30 35
0

10

20

30

40

50

 

 

C
O

2
 U

p
ta

k
e
 (

c
m

3
(S

T
P

)/
c
m

3
)

Pressure (bar)

solubility of CO
2
 in pure BPDA-ODA

 T=50°C       Model:                    

 T=80°C       NELF Model

 T=110°C              k
ij
=0, k

sw
=0 bar

-1

 

 

Fig.13: Comparison of LF model with experimental CO2 -induced dilation in PPO (a) and PEO (b), and comparison of 

NELF model with solubility of CO2 in BPDA-ODA (c) at different temperatures and pressures. Experimental data 

taken from ref. [46] (PPO), [47] (PEO), [39] BPDA-ODA. 
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4.3. Modeling CO2 solubility in copolyetherimides 

Using the proposed model with the reported values of the parameters, we obtain a good 

representation of the experimental data within the experimental error, as it can be seen in Fig. 14. 
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Fig. 14: Comparison between experimental solubility data and modelled solubility data with LF and NELF models in 

BPDA-PPO-ODA 1/1 (a), 2/1 (b), 4/1 (c), 6/1 (d) and BKDA-PEO-ODA 2/1 (e) and 4/1 (f) at 30°C, 45°C and 60°C. 

 

It must be pointed out that no adjustable parameters were used in the model. The binary interaction 

parameters kij representing the energetic interactions between CO2 and the two different phases are 

equal to those observed between CO2 and the respective homopolymers, as it is reasonable, and are 

in almost all cases equal to the default value of zero. The same is true for swelling coefficient. 

The good representation of solubility obtained with the model, at all compositions of the 

copolymers, confirms the validity of the approach followed and the set of parameters used, as well 

as the assumptions made on the physical behavior and structure of the copolymers. In particular, 

one notices that both phases contribute to gas sorption: the sorption capacity of the rubbery phase 

remains unvaried with respect to the one of the pure homopolymer, while that in the glassy phases 

decreases at increasing amounts of rubber in the copolymer, due to the reduction of free volume 

available for sorption. The model thus allows to conclude that the two phases form an 

interpenetrated structure, with the density and sorption capacity of the rubber equal to that of the 

pure polymer, and the density and sorption capacity of the glass moderately reduced by the presence 

of the rubber, which probably occupies part of its excess free volume, as discussed in the following.  

The sensitivity of the model calculations to the assumptions and parameters used was tested in two 

different ways: first, we repeated the calculation of copolymer solubility considering the glassy 

polymer density equal to that of the pure homopolymer, parallel to what we did for the rubbery 

polymer. Such calculation shows that, although the solubility in the glassy phase is generally lower 

than that in the rubber, neglecting the glassy phase free volume reduction leads to a marked 

overestimation of copolymer solubility, as it is shown in the Supplementary Material in Fig. S11. 

Secondly, we attributed the deviation from additivity of the copolymer volume to both phases, i.e. 

we assumed that both the densities of the glassy and rubbery phases are varying as a function of 

copolymer composition, due to the presence of the second component. Indeed, if we consider the 

composite density data reported in Figure 2 as those of a simple liquid mixture, the partial molar 
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volume of the two phases can be estimated with the intercept rule. Again, such calculations provide 

a very poor fit of the solubility isotherms, and further support the conclusion that only the glassy 

phase, exhibits a volume contraction in the copolymer formation. The asymmetry of such behavior 

indicates that the specific volume reduction is not a consequence of a mechanism of compression 

and confinement exerted by one phase over the other, as such phenomenon would affect the volume 

of both phases to some extent. It is more likely, based on the data and the model analysis, that the 

excess free volume of the glass is partially occupied by the rubbery polyether segments. Such 

interpretation is also confirmed by the fact that the shape of the solubility isotherms of glassy-rich 

copolymers is closer to a linear behavior than to the typical concave one observed in glassy 

structures. Indeed the low pressure, non linear portion of the solubility isotherm of glassy polymers 

can be attributed to sorption into the excess free volume of the glass. A reduction of such excess 

free volume causes a reduction of the concavity, that is indeed observed in the present case and 

confirms the strong degree of interpenetration between the two phases in the copolymer. 

 

4.4. Prediction of CO2-induced swelling in copolyetherimides 

According to previous work [20] and volume additivity equation (11), volume dilation during 

sorption in copoly(etherimides) can be predicted a priori as follows: 
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Where R~ , G~ , R* , G* are reduced densities and characteristic densities of rubbery and glassy 

phase during CO2 sorption, respectively. 

The values calculated are reported in Fig. 15 and show rather limited percentage swelling values, up 

to 10% for the PPO copolymers at the highest CO2 pressure inspected. Such data indicate a certain 

robustness and resistance to plasticization of the matrix, even in the presence of high CO2 pressures, 

which can be problematic in the case of rubbery membranes. Coupled to the high CO2 diffusivity 
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(up to 10
-5

 cm
2
/s) and permeability (around 10

2
 Barrer) values measured in these copolymers, such 

data confirm the suitability of such materials for CO2 capture applications, in a wide range of 

operative conditions.  

In the presence of the rigid glassy domains the lower swelling of the rubbery phase with respect to 

the case of the pure homopolymers is also consistent with the shapes of the solubility isotherms of 

CO2. It has been shown that such lines have a strong concavity towards the concentration axis in the 

pure polyethers (see for instance ref. [27]), even when they are crosslinked, as a consequence of a 

marked swelling induced by CO2. In the case of the copolymers inspected here, on the other hand, 

such isotherms are almost linear, even in rubbery-rich copolymers, due to inhibition of swelling by 

the glassy phase, indicating a strong and beneficial interaction between the phases.  
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Fig. 15: Calculation of volume dilation in BPDA-PPO-ODA (a) and BKDA-PEO-ODA (b) at 30°C with LF model 

 

5. Conclusions 

The effects of temperature, pressure and copolymer composition on solubility and diffusivity of 

CO2 have been studied in two series of copoly(ether-imides) made by hard (BPDA-ODA or BKDA-

ODA) and soft (PPO or PEO) segments. In the case of BPDA-PPO-ODA copolymers the solubility 

is not dependent on copolymer composition, while, on the contrary, diffusivity strongly increases 
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on the rubbery phase content, due to higher mobility of PPO with respect to rigid BPDA-ODA. A 

dramatic increase of diffusivity is observed when the fraction of PPO is between 40 and 60 wt%, 

which can indicate a transition from a glassy-like to a rubbery-like behavior, as also indicated by 

the variation of the shape of the trendlines fitting the mean solubility values. On the other hand, in 

BKDA-PEO-ODA materials, which show a rubber-like behavior in almost all situations, both 

solubility and diffusivity increase by increasing PEO content in the membrane, due to the high 

affinity of CO2 to the oxygen atoms of PEO. The effect of temperature has been studied both for 

solubility and diffusivity, obtaining sorption enthalpies and diffusion activation energy as a function 

of copolymer composition. 

Finally, the NELF model was used to model CO2 solubility in copolymers. In spite of its simplicity, 

the model proved accuracy in representing thermodynamic behavior of mixture formed by CO2 and 

both series of copolymers. The success of the approach seems to confirm the physical assumptions 

underlying it, and in particular that both phases absorb CO2; the rubbery phase maintains the same 

volumetric and sorption behavior as in the respective pure homopolymer, while the glassy phase 

volume is reduced by the presence of the rubbery phase, and consequently its ability to absorb CO2 

is also reduced. Such a behavior is attributed to the fact that the excess glassy free volume is 

partially occupied by the rubbery segments, and generally confirms the strong degree of 

interpenetration of such hybrid structure. The CO2-induced swelling, estimated with the model, 

remains below 10%, due to the presence of the rigid glassy phase, even in samples in which the 

amount of rubbery phase is high: such behavior is due to the stabilizing presence of the glassy 

segments.   
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Fig.1: Structure of  (a) diamino-terminated PPO, (b) diamino-terminated 

PEO, (c) BPDA, (d) BKDA and (e) ODA [6,7] 
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Fig. 2: Specific volumes of (a) BPDA-PPO-ODA and (b) BKDA-PEO-ODA copolymers as a function of rubbery 

phase weight percentage; solid lines are interpolations (Eq. 2 and eq. 3) and dashed lines is additive rule (Eq. 1). Data 

for BPDA-PPO-ODA are taken from ref. [6]; data for BKDA-PEO-ODA are measured in this work by measuring the 

sample weight and volume. Data for pure homopolymers PEO and BKDA-ODA are taken from ref. [38] and [40], 

respectively. 
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Fig. 3: The effect of temperature on CO2 solubility isotherms in BPDA-PPO4000-ODA 1/1 (a), 2/1 (b), 4/1 (c) and 6/1 

(d) samples. Solid lines are data interpolations. 
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Fig. 4: The effect of temperature on CO2 diffusivity in BPDA-PPO4000-ODA 1/1 (a), 2/1 (b), 4/1 (c) and 6/1 (d) 

samples. Solid lines are data interpolations. 
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Fig. 5: The effect of copolymers composition on CO2 solubility isotherms in BPDA-PPO4000-ODA copolymers at 

30°C. Data at 45 and 60°C are reported in the Supplementary Material.  
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Fig.6: The effect of copolymers composition on CO2 diffusivity in BPDA-PPO4000-ODA copolymers at 30°C. Solid 

lines are data interpolations. Data at 45 and 60°C are reported in the Supplementary Material. 
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Fig.7: The effect of temperature on CO2 solubility in BKDA-PEO6000-ODA 2/1 (a), 4/1 (b). Solid lines are data 

interpolations. 
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Fig.8: The effect of temperature on CO2 diffusivity in BKDA-PEO6000-ODA 2/1 (a), 4/1 (b). Solid lines are data 

interpolations. 
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Fig.9: The effect of copolymers composition on CO2 solubility isotherms in BKDA-PEO6000-ODA copolymers at 

45°C. Solid lines are data interpolations. Data at 45 and 60°C are reported in the Supplementary Material. 
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Fig. 10: The effect of copolymers composition on CO2 diffusivity in BKDA-PEO6000-ODA copolymers at 45°C. 

Solid lines are data interpolations. Data at 45 and 60°C are reported in the Supplementary Material. 
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Fig.11: The effect of copolymers composition on CO2 sorption enthalpies in BPDA-PPO-ODA (a) and BKDA-PEO-

ODA (b) copolymers. Data of pure BPDA-ODA, PPO and PEO are taken from literature references [41], [46], [47]. 
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Fig.12: Activation energy for diffusion in BPDA-PPO-ODA and BKDA-PEO-ODA copolymers. 
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Fig.13: Comparison of LF model with experimental CO2 -induced dilation in PPO (a) and PEO (b), and comparison of 

NELF model with solubility of CO2 in BPDA-ODA (c) at different temperatures and pressures. Experimental data 

taken from ref. [46] (PPO), [47] (PEO), [39] BPDA-ODA. 
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Fig. 14: Comparison between experimental solubility data and modelled solubility data with LF and NELF models in 

BPDA-PPO-ODA 1/1 (a), 2/1 (b), 4/1 (c), 6/1 (d) and BKDA-PEO-ODA 2/1 (e) and 4/1 (f) at 30°C, 45°C and 60°C. 
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Fig. 15: Calculation of volume dilation in BPDA-PPO-ODA (a) and BKDA-PEO-ODA (b) at 30°C with LF model 
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Table 1: Properties of copolymer samples investigated in this work. 

Sample 
Rubber 

content 

Amorphous rubber  

content 
 Thickness 

 wt% wt% g/cm
3
 m 

BPDA-PPO-ODA 1/1 28.24 28.24 1.267 161±19 

BPDA-PPO-ODA 2/1 43.34 43.34 1.230 57±16 

BPDA-PPO-ODA 4/1 59.17 59.17 1.187 141±8 

BPDA-PPO-ODA 6/1 67.38 67.38 1.159 154±43 

BKDA-PEO-ODA 2/1 44.20 43.80 1.281 116±1 

BKDA-PEO-ODA 4/1 60.40 59.90 1.244 107±2 

 

Table 1



Table 2: Sanchez and Lacombe pure component LF parameters 

Component T* p* * Reference Source of data 

 K MPa g/cm
3
   

PPO 542 420 1.096 This work [38] (PVT data) 

PEO 590 620 1.218  [27]  

BPDA-ODA 570 480 1.610 This work 
[41] (solubility of CO2, 

CH4, CO, H2) 

BKDA-ODA 670 600 1.530 This work 
[40] (solubility of CO2, 

CH4, CO, O2, N2) 

CO2 300 630 1.515 [25]  

 

Table 2
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