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Abstract 

Lithium batteries play a vital role in energy storage across electronics, transportation, and industrial sectors. Despite their importance, lithium-
ion battery separators, such as Celgard, still need significant improvements, particularly in ionic conductivity (σ). A promising approach to 
enhance both conductivity and mechanical properties in lithium-ion batteries is the combination of Metal-Organic Frameworks (MOFs) and 
polymers. In this study, UiO-66 MOFs were synthesized through the solvothermal method at a temperature of 120°C. These MOFs were 
composited with polyethylene oxide (PEO) and polyvinyl alcohol (PVA) polymer membranes through the solution casting method. The UiO-
66 MOFs/PEO/PVA polymer composites were created by varying the content of UiO-66 from 2% to 8% (w/w), while maintaining a constant 
lithium hexafluorophosphate (LiPF6) concentration of 9% (w/w). The characterization of these composites was performed with the aid of X-
ray Diffraction (XRD) and Fourier-Transform Infrared (FTIR) spectroscopy. Furthermore, to evaluate the performance of the composite 
membranes, Electrochemical Impedance Spectroscopy (EIS) tests and tensile tests were conducted. The resulting membrane with 6% (w/w) 
UiO-66 MOFs demonstrated an ionic conductivity (σ) of 5.60 × 10⁻³ S cm⁻¹ and a tensile strength of 32.5 MPa. With its high ionic 
conductivity, this PEO/PVA/UiO-66 composite membrane holds a significant promise to be used as a separator membrane in lithium-ion 
batteries. 
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1. Introduction  

The global demand for electricity is projected to grow by 

approximately 3.4% annually from 2024 to 2026 [1]. This 

increasing demand will be entirely met by low-emission 

electricity sources. As a consequence, energy storage 

technology is deemed crucial to ensure the continual adoption 

of eco-friendly energy solutions [2]. Of various energy storage 

technologies, lithium-ion batteries [3,4] are extensively 

utilized in view of their numerous advantages, including a 

long lifespan [5], rapid recharging efficiency [6], lightweight 

and compact design [7], and lower toxicity in comparison to 

other types of batteries [8]. 

A lithium-ion battery consists of a number of main 

components, i.e. electrodes, electrolyte, and separator [9]. Of 

these components, separator is undergoing intensive 

development [10,11], given its critical role in separating the 

positive and negative electrodes [12], facilitating lithium-ion 

diffusion [13], preventing chain reactions that might lead to 

explosions [14], and enhancing battery conductivity [4]. 

Celgard, a widely used commercial separator [15], is a 

polymer membrane made from polyethylene (PE) and 

polypropylene (PP) [16]. It offers excellent electrochemical 

stability and mechanical strength [17]; however, its limited 

ionic permeability [18] has sparked a search for alternative 

materials to replace Celgard in battery separators. 

Polyethylene oxide (PEO) has been being in investigation as a 

potential material for lithium-ion battery separators for its 

excellent thermal stability and ionic interface stability [19, 20]. It 

has low ionic conductivity and insufficient mechanical properties, 

however [21]. As a solution, researchers are now developing 

PEO-based composite membranes by blending PEO with other 

polymers or materials for battery applications. Recent studies 

have reported the following conductivity values for PEO-based 

composite membranes: PEO/polyvinyl alcohol (PVA) at 10⁻³ S 

cm⁻¹ [19], PEO/imidazolium-derived ionic liquid at 1.87 × 10⁻⁴ S 

cm⁻¹ [20], T/PVDF/PEO at 2.46 × 10⁻⁹ S cm⁻¹ [22], 

PEO/Li₆PS₅Cl at 1.03 × 10⁻³ S cm⁻¹ [23], and PEO/LLZTO at 

3.23 × 10⁻⁴ S cm⁻¹ [24]. A previous research revealed that PEO-

based composites showed a significant potential for use as battery 

membranes in consideration to their promising conductivity 

values. Notably, PEO/PVA composites exhibit a number of key 

characteristics for battery membranes, such as good mechanical 

strength [19,21], thermal stability (with a decomposition 

temperature of approximately 300°C) [25,26], favorable surface 

wettability [27,28], and moderate conductivity [19]. However, 

further enhancements are deemed necessary to achieve the ideal 
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properties for battery membranes. One promising strategy to 

improve the performance of PEO/PVA composites is to 

incorporate materials such as metal-organic frameworks (MOFs) 

[29,30,31].  

Metal-organic frameworks (MOFs) are the hybrid materials 

characterized by their large pores and surface areas, which 

enable them to be valuable for any applications in catalysis 

[19], drug delivery [32], and lithium-ion battery separators 

[33]. In MOFs, organic ligands create porous structures that not 

only can enhance the transport of lithium ions but also improve 

ionic conductivity in batteries [34]. Additionally, these 

frameworks can increase the energy capacity of batteries by 

facilitating the storage of lithium ions [18]. 

Research has demonstrated that composites made from 

CuBDC MOFs, polyethylene oxide (PEO), and LiTFSI can 

significantly boost ionic conductivity from 10–6 S cm–1 to 10–3 S 

cm–1 [19]. MOFs, therefore, have a considerable potential to 

enhance both ionic conductivity and energy capacity in lithium-

ion batteries. Of the various types of metal-organic frameworks 

(MOFs), UiO-66 has emerged as a promising candidate for use in 

battery composite membranes. This is attributed to its excellent 

thermal stability with a decomposition temperature of 

approximately 500°C [35,36] as well as its high porosity, which 

facilitates the charge transfer [37]. UiO-66 also exhibits good 

wettability that can enhance ion diffusion [38,39]. As a result, 

incorporating UiO-66 into a composite membrane can provide a 

distinctive and innovative approach to improve the conductivity 

of lithium battery membranes made from polyethylene oxide 

(PEO) and polyvinyl alcohol (PVA) composites. However, it is 

important to note that the addition of MOFs can often lead to a 

decrease in the mechanical properties of the membrane.  

This research aims to synthesize composite polymer 

electrolyte (CPE) membranes for lithium-ion battery applications 

using UiO-66 metal-organic frameworks (MOFs) and PEO/PVA 

polymers to enhance ion conductivity while evaluating the 

optimal concentration of UiO-66 MOF for improved mechanical 

properties. 

2. Materials and Methods 

2.1. Synthesis of MOFs UiO-66 

The synthesis of UiO-66 MOF was performed through the 

solvothermal method. It began by dissolving 2 mmol of 

H2BDC (0.3344 g) in 20 mL of DMF, while 2 mmol of ZrCl4 

(0.5396 g) was dissolved in 10 mL of DMF. These two 

solutions were subsequently combined, and the entire reaction 

process was conducted in a nitrogen (N2) atmosphere. The 

mixture was sonicated for 45 minutes and heated in an oven at 

120°C for 24 hours. After this period, the mixture was washed 

three times with chloroform. The produced white solid was 

filtered and stored at room temperature. To activate the UiO-

66 MOFs, a degassing process was carried out for 6 hours at 

250°C. 

2.2. Synthesis of UiO-66/PVA/PEO composite membrane  

The synthesis of the composite electrolyte membrane was 

carried out via the casting method. Polyethylene oxide (PEO) 

and polyvinyl alcohol (PVA) were initially mixed in a 1:4 

weight/weight ratio, specifically 0.15 g of PEO and 0.75 g of 

PVA, and dissolved separately in 10 mL of distilled water. 

The polymer solutions were then stirred for 6 hours and 

heated to 55°C for PEO and 70°C for PVA. Once the two 

polymer solutions were combined, lithium salt (LiPF6) was 

added, making up 9% of the total polymer weight, along with 

varying amounts of UiO-66 metal-organic frameworks 

(MOFs). The UiO-66 MOFs were incorporated in different 

proportions: 0%, 2%, 4%, 6%, and 8% of the polymer weight. 

The produced mixture was then cast into Teflon molds to 

form the membrane. 

2.3. Characterization of UiO-66/PVA/PEO composite 

membrane 

The characterization of the MOFs was conducted by means of 

X-Ray Diffraction (XRD) analysis to investigate the structural 

properties of UiO-66 MOFs and the UiO-66/PEO/PVA 

composite membrane. This analysis was performed over a 2θ 

range of 5° to 50°. Additionally, Fourier-Transform Infrared 

(FTIR) spectroscopy measurements were carried out to identify 

the functional groups present in the UiO-66/PEO/PVA polymer 

composite membrane. 

2.4. Conductivity test of UiO-66/PVA/PEO composite 

membrane 

Conductivity can be assessed by measuring either 

resistance or impedance. Electrochemical Impedance 

Spectroscopy (EIS) is a highly effective method for measuring 

impedance. For this purpose, we then used the Gamry 

Reference 3000 Potentiostat/Galvanostat. The measurements 

were performed in Galvanostat mode with frequency 

parameters in the range of 1 MHz to 0.1 Hz and a current set 

at 0.5 mA. The EIS measurement was conducted on a 

membrane with the dimensions of 3 × 2 × 0.04 cm. 

2.5. Mechanical test of UiO-66/PVA/PEO composite 

membrane 

Tensile strength test was performed to evaluate the 

mechanical properties of the UiO-66/PEO/PVA polymer 

composite membrane. This test aimed to determine how the 

addition of UiO-66 determined the tensile strength of the 

composite membrane. For this evaluation, the UiO-

66/PEO/PVA polymer composite membrane was tested using 

a TENSOLAB-5000 at room temperature. Here, the UiO-

66/PEO/PVA polymer composite membrane was subjected to 

tensile testing using a TENSOLAB-5000 at room temperature 

conducted on a sample measuring 10 mm in length and 0.11 

mm in thickness. The testing parameters here included a 

clamp speed of 50 mm/min and a load cell with a maximum 

capacity of 1000 kg. 

3. Results and Discussion 

3.1. Synthesis of UiO-66 MOFs 

UiO-66 MOFs were successfully synthesized using a 

solvothermal method at 120°C for 24 hours. This synthesis 
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technique is acknowledged for producing high-quality MOF 

structures although it requires extended reaction times and 

elevated temperatures. The process involved the combination 

of zirconium chloride (ZrCl4) and 1,4-benzenedicarboxylate 

(H2BDC), which were dissolved in N,N-dimethylformamide 

(DMF) in an inert atmosphere within a nitrogen-filled 

glovebox. 

Having completed synthesis, the UiO-66 product was 

washed with chloroform (CHCl3) to remove any residual 

H2BDC ligands and to replace the DMF solvent [8]. To 

eliminate any remaining DMF coordinated within the UiO-66 

framework and activate the open metal sites (OMSs), a 

degassing process was carried out by heating the material to 

250°C under vacuum. In this synthesis, DMF played a crucial 

role in protonating the H2BDC ligand, allowing it to form 

complex bonds with the zirconium metal ions (Zr(IV)) [15]. 

The H2BDC ligand contains carboxylate groups that 

become protonated by the oxygen in the carbonyl group of 

DMF, forming the carboxylate anions. These anions facilitate 

the bonding of H2BDC to zirconium metal ions. Furthermore, 

DMF serves as a template for pore formation in the MOFs 

[9,1]. The choice of solvent and ligand is vital in determining 

the pore size of MOFs [14]; larger or more abundant ligands 

and solvent molecules tend to produce larger pores [16]. In 

this recent study, the synthesized UiO-66 MOFs were 

characterized using X-Ray Diffraction (XRD) and Fourier-

Transform Infrared Spectroscopy (FTIR). 

3.2. Synthesis of UiO-66/PEO/PVA polymer composite 

membrane 

The UiO-66/PEO/PVA polymer composite membrane was 

synthesized using the solution casting method, known for its 

simplicity and effectiveness in combining multiple polymers. 

A key aspect of this method is the cautious selection of 

suitable solvents and polymers; hence, choosing an 

appropriate solvent for the polymers is deemed crucial. 

In this study, the synthesis of the composite membrane 

involved the synthesized metal-organic frameworks (MOFs) 

known as UiO-66, along with the polymers polyethylene 

oxide (PEO) and polyvinyl alcohol (PVA), a solvent of 

distilled water, and lithium hexafluorophosphate (LiPF6) salt. 

Distilled water was selected as the solvent due to the polar 

nature of PEO and PVA [15] that can make it effective for 

dissolving both polymers. The addition of LiPF6 salt serves 

several purposes: providing high ionic conductivity [17,18], 

enhancing the thermal and chemical stability of the composite 

membrane [19], and reducing the internal resistance of the 

membrane [20]. 

During the experiment, the UiO-66/PEO/PVA composite 

membrane containing LiPF6 salt was successfully synthesized 

by varying the amount of UiO-66 MOFs. Fig. 1 portrays the 

PEO/PVA and UiO-66/PEO/PVA composite membrane with 

LiPF6 salt. However, despite successfully producing the UiO-

66/PEO/PVA polymer composite membrane, agglomeration 

of the UiO-66 MOFs occurred during the synthesis in an open 

environment at room temperature. This led to non-ideal 

solvent evaporation, and resulted in an uneven distribution of 

the MOFs. To address this issue, a preventive measure was 

implemented to achieve a homogeneous UiO-66/PEO/PVA 

composite membrane that is by facilitating the evaporation 

process in a vacuum environment, which resulted in a 

uniformly distributed UiO-66/PEO/PVA composite 

membrane. 

 

Fig.  1. Composite membranes of (a) PEO/PVA; (b) 2% UiO-66/PEO/PVA; 

(c) 8% UiO-66/POE/PVA 

 

UiO-66 was evenly distributed throughout the composite 

membrane with little evidence of agglomeration. This 

indicated that the vacuum evaporation process effectively 

promoted the distribution of metal-organic frameworks 

(MOFs) within the PEO/PVA composite. The uniform 

distribution of UiO-66 was anticipated to improve the 

membrane's conductivity while maintaining its tensile 

strength.  

3.3. Crystallinity analysis 

The synthesized UiO-66 metal-organic frameworks (MOFs) 

and the UiO-66/PEO/PVA polymer composite membrane in 

this study were characterized by means of X-ray diffraction 

(XRD) aimed to validate the synthesis of the UiO-66 MOFs 

by analyzing their crystal structure, as well as to examine the 

crystal structure of the PEO/PVA polymer blend membrane. 

Fig. 2 displays the diffractogram of the synthesized UiO-66 

MOFs. In this diffractogram, characteristic peaks were observed 

at 2θ values of 7.4°, 8.5°, 12.2°, and 25.9°. These peaks 

correspond to those reported in the literature [29], confirming that 

the UiO-66 MOFs have been successfully synthesized. 

 

Fig.  2. Diffractogram of synthesized UiO-66 MOFs 

The UiO-66/PEO/PVA polymer composite membrane was 

characterized using X-ray diffraction. Fig. 3 visualizes the 
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diffractogram of the synthesized membrane with the results 

showing that blending PEO with PVA led to a decrease in 

crystallinity, suggesting the formation of an amorphous phase 

[22]. 

 

 

Fig.  3. Diffractogram of LiPF6, PEO, PVA, and various additions of UiO-66 

MOFs in the UiO-66/PEO/PVA polymer composite membrane 

 

The characteristic peak of PEO in the PEO/PVA polymer 

blend, as observed at 2θ = 23.2°, showed very low intensity 

due to the 1:4 ratio of PEO to PVA. PVA is an amorphous 

polymer that acts as a plasticizer, further reducing the 

crystallinity of PEO [22,23]. In the diffractogram, the addition 

of 8% metal-organic frameworks (MOFs) revealed a 

characteristic peak of UiO-66 MOFs at 2θ = 7.6° though its 

intensity was also quite low. Furthermore, the peak of the 

lithium salt LiPF6 in the polymer composite containing 8% 

MOFs appeared at 2θ = 25.9°, indicating a shift from the 

characteristic LiPF6 peak at 2θ = 24.7°. This shift was likely 

due to the formation of complex bonds between the lithium 

salt and the open metal sites (OMSs) on the MOFs, resulting 

in the creation of ion channels [28,29,30]. 

3.4. Functional group analysis 

FTIR analysis was made to gain information about the 

chemical structure by examining the IR absorption of 

functional groups. The IR spectrum of UiO-66 MOF was 

compared with that of the H2BDC ligand to confirm the 

structure of UiO-66 MOFs. Fig. 4 illustrates the spectra for 

both UiO-66 MOFs and H2BDC. The spectrum revealed an IR 

absorption band at 3394 cm–1, indicating the presence of O–H 

groups [24,25]. Additionally, an absorption band at 1661 cm–1 

was observed, which corresponded to C=O groups [28]. 

The peaks observed at 1402 cm–1 and 776 cm–1 indicated 

the presence of aromatic C–O and C–H groups, respectively 

[30]. As shown in Fig. 4, the IR absorption peaks of UiO-66 

MOFs closely resembled those of H2BDC; it suggested that 

the synthesized UiO-66 MOFs contained similar functional 

groups to those in H2BDC. Also, there were noticeable shifts 

in the IR absorption peaks between the UiO-66 MOFs and 

H2BDC. These shifts can be attributed to the coordination 

bonds formed between the zirconium metal (Zr) in the MOFs 

and the C=O functional groups [17]. For instance, the C=O 

absorption band in H2BDC appeared at 1714 cm–1, while in 

UiO-66 MOFs, it was observed at 1661 cm–1. Another 

significant feature in the IR spectrum of UiO-66 MOFs was 

the absorption peak at 665 cm–1, indicating the presence of 

Zr–O bonds [21]. 

 

 

Fig.  4. IR Spectrum of UiO-66 MOFs and H2BDC 

 

FTIR characterization was also conducted to analyze the 

chemical structure of the polymer composite membrane.  

Fig. 5 displays the FTIR spectra of PEO, PVA, and the UiO-

66/PEO/PVA polymer composite membrane. This spectrum 

provides detailed information about the absorption peaks 

corresponding to the functional groups present in the 

polymers, specifically the C–H, O–H, and C–O groups. 

 

 

Fig.  5. IR Spectrum: (a) PEO; (b) PVA; (c) PEO/PVA; 

(d) PEO/PVA/UiO-66 (2%); (e) PEO/PVA/UiO-66 (4%);  

(f) PEO/PVA/UiO-66 (6%); and (g) PEO/PVA/UiO-66 (8%) 

 
The differences in absorption peaks between PEO 

(Polyethylene Oxide) and PVA (Polyvinyl Alcohol) were 
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found obvious. PEO lacked an –OH absorption peak at 3341 

cm–1, while it featured a C–O peak at 1077 cm–1. In the 

polymer blend of PEO and PVA, the appearance of distinct 

C–O and O–H absorption peaks indicated that PEO has been 

successfully combined with PVA. Variations in the intensity 

of these peaks suggested that the membrane transitioned 

toward an amorphous state, which aligned with the 

interpretations of its crystallinity [19, 20]. Conversely, the C–

H peak at 2901 cm–1 reflected the presence of alkyl chains in 

the PEO/PVA polymer composite. These alkyl chains may 

contribute beneficial mechanical properties for battery 

applications [29]. Furthermore, the peak at 776 cm–1 became 

more pronounced with the increasing amount of UiO-66 

added, denoting the presence of aromatic C–H groups within 

UiO-66. The presence of these C–H groups is able to foster 

the development of active sites, thereby enhancing ion 

migration [30]. 

3.5. Conductivity analysis  

Electrochemical Impedance Spectroscopy (EIS) refers to a 

technique to examine the electrical properties of materials and 

electrode systems by measuring their impedance response to 

various frequencies of applied electrical signals. One common 

representation of EIS data is the Nyquist curve, featuring the 

resistive component (Zreal) on the x-axis and the reactive 

component (-Zimag) on the y-axis. The shape of the resulting 

curve provides several valuable insights into the ion 

conduction mechanisms within the material. In membrane 

impedance analysis, the Nyquist curve is used to assess 

conductivity by identifying key parameters such as resistance 

and capacitance through the fitting of data to an equivalent 

circuit model. The commonly used equivalent circuits include 

elements such as bulk phase membrane resistance (Rs), charge 

transfer resistance (Rct), Warburg conductance (W), and 

admittance conductance (Yo).  

 

Fig.  6. Nyquist plot and equivalent circuit of UiO-66/PEO/PVA polymer 

membrane with LiPF6 electrolyte and equivalent circuit 

By analyzing the components of the equivalent circuit, it is 

possible to achieve a deeper understanding of the ion transport 

mechanisms and the contributions of each element to the 

overall impedance. Fig. 6 illustrates the Nyquist plot and the 

equivalent circuit used for the impedance measurements of 

PEO/PVA composites with varying UiO-66 contents. 

As portrayed in Fig. 6, the PEO/PVA composites exhibited 

a larger semicircle shape compared to PEO/PVA composites 

including UiO-66. This indicated that the capacitance (which 

correlated with Yo) of PEO/PVA without UiO-66 was higher 

than that of PEO/PVA in that the content of UiO-66 increased. 

In any battery applications, a composite membrane is 

considered more effective if it has lower capacitance or 

reduced charge storage capacity [23]. Therefore, 

PEO/PVA/UiO-66 commonly is regarded as superior to 

PEO/PVA vis-à-vis capacitance. However, both PEO/PVA 

and PEO/PVA/UiO-66 demonstrated ion diffusion activity, as 

evidenced by the semicircle tail in the Nyquist plot, 

represented by the Warburg element (W) in the equivalent 

circuit [16]. Additionally, key parameters such as Rct, Rs, and 

σ are important. The parameter σ is directly proportional to 

the membrane thickness and inversely proportional to Rct as 

well as the effective contact area of the membrane.  

Table 1 depicts the values of Rct, Rs, and σ obtained from 

the EIS measurements of PEO/PVA composite membranes 

with the varying concentrations of UiO-66. 

Table 1. Values of Rs, Rct, and σ from EIS testing of polymer composite 

membranes with various UiO-66 MOF contents 

Composites Rs (Ω) Rct (Ω) (σ) (S cm-1) 

PEO/PVA 501 28750     1.30 × 10–3 

PEO/PVA/UiO-66 (2%) 454 24000     1.56 × 10–3 

PEO/PVA/UiO-66 (4%) 300 15840     2.37 × 10–3 

PEO/PVA/UiO-66 (6%) 126 6996     5.36 × 10–3 

PEO/PVA/UiO-66 (8%) 4.3 × 10–8 3576     10.49 × 10–3 

Table 1 shows that incorporating UiO-66 into the 

PEO/PVA membrane led to a reduction in the Rs value. This 

reduction indicated that the addition of UiO-66 enhanced the 

charge transport rate within the membrane. Separator 

membranes with a low Rs value mostly contribute to a longer 

battery lifespan by decreasing heat generation during charging 

and discharging processes [8,14]. In addition to lower the Rs 

value, the addition of UiO-66 to the PEO/PVA membrane also 

reduces the Rct value. This implies that electron transfer 

between anode and cathode becomes more efficient, thereby 

improving the overall performance and reliability of the 

battery [19]. A decrease in Rct directly impacts the ionic 

conductivity (σ), resulting in an increase in σ when UiO-66 is 

added. This increase indicates that UiO-66 facilitates the 

movement of charge through the membrane, allowing for 

efficient transfer between electrodes during both charging and 

discharging [30]. 

Overall, the incorporation of UiO-66 into the PEO/PVA 

composite membrane provides significant benefits for battery 

applications. This can be attributed to the strong interaction 

between UiO-66 and the PEO/PVA polymer matrix, as proven 

by the IR peak at 776 cm–1 corresponding to C–H bonds [4,5]. 

This interaction contributes to the formation of more efficient 
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ionic pathways and enhances ion mobility within the 

membrane. Furthermore, the addition of UiO-66 improves the 

structural stability of the membrane, facilitating to maintain 

stable ionic pathways throughout the charging and discharging 

cycles [9]. The Zr-O bonds in UiO-66 can also serve as the 

active sites for ion transport, increasing the number of 

conductive sites within the membrane and enhancing ion 

transfer capabilities. The combined effects of PEO/PVA, 

LiPF6, and UiO-66 result in increased ionic conductivity and 

decreased overall resistance, ultimately leading to improved 

battery performance. 

3.6. Mechanical testing of UiO-66/PEO/PVA polymer 

composite membrane 

Understanding the mechanical properties of polymer 

composite membranes is essential to produce separators used 

in lithium-ion batteries. The polymer membrane should not be 

rigid, brittle, or excessively thick [38]; it must be both elastic 

and strong during the production process and battery assembly 

[35]. The mechanical properties of the UiO-66/PEO/PVA 

polymer composite membrane were evaluated using a 

TENSOLAB-5000 at room temperature.  

Fig. 7 displays the results of the tensile tests performed on the 

UiO-66/PEO/PVA polymer composite membrane, while 

Table 2 summarizes the tensile strength and strain values for 

this membrane. 

 

 

Fig.  7. Tensile strength and strain curve of the MOFs UiO-66/PEO/PVA 

polymer composite membrane with different MOFs UiO-66 contents 

Table 2. Tensile strength and strain of the MOFs UiO-66/PEO/PVA 

polymer composite membrane with various MOFs UiO-66 concentrations 

Composites 
Thickness 

(mm) 

Tensile 

Strength (MPa) 

Strain 

(%) 

PEO/PVA 9 × 10–2 42.9 143 

PEO/PVA/UiO-66 (2%) 10 × 10–2 37.7 145 

PEO/PVA/UiO-66 (4%) 11 × 10–2 36.9 152 

PEO/PVA/UiO-66 (6%) 11 × 10–2 32.5 146 

PEO/PVA/UiO-66 (8%) 10 × 10–2 22.2 152 

 
When poly(ethylene oxide) (PEO) was blended with 

poly(vinyl alcohol) (PVA), the resultant polymer membrane 

demonstrated a tensile strength of 42.9 MPa, even without the 

inclusion of UiO-66. This enhanced strength was attributed to 

the hydrogen bonds formed between the hydroxyl groups of 

PVA and the ether groups of PEO that increased the 

membrane's rigidity [14]. However, adding UiO-66 

significantly decreased the tensile strength of the polymer 

electrolyte membrane to 22.2 MPa when 8% UiO-66 was 

incorporated. This reduction is consistent with crystallinity 

analyses showing an amorphous structure owned by the 

composite membrane. The presence of the rigid UiO-66 

structure is able to disrupt the uniformity of the PEO/PVA 

matrix, ultimately weakening the tensile strength [15]. 

Interestingly, when 6% UiO-66 was added, the composite 

membrane exhibited a tensile strength of 32.5 MPa. This 

indicated that the level of UiO-66 inclusion still resulted in a 

membrane suitable for battery applications, requiring a 

minimum tensile strength of 30 MPa [38]. 
Additionally, incorporating UiO-66 enhances the elasticity 

of the polymer composite membrane. The strain increased 

from 143% (with 0% UiO-66) to 152% (with 8% UiO-66), 

implying that the addition of UiO-66 can improve the 

membrane's elasticity, probably in view of the UiO-66 

particles creating voids within the polymer matrix that permit 

greater deformation [37]. However, the decrease in strain 

observed with the addition of 6% UiO-66 can be attributed to 

sensitivity to humidity determined by the presence of the 

lithium salt LiPF6. Although an 8% concentration of UiO-66 

offered good conductivity, it resulted in a tensile strength 

below 30 MPa. This showed that 8% UiO-66 was not optimal 

for maintaining tensile strength, while a 6% concentration 

proved to be ideal. In conclusion, while the addition of UiO-

66 commonly reduces tensile strength, it can also result in 

fluctuations in strain. Table 3 presents a comparison of the 

conductivity and mechanical properties of various PEO/PVA 

composite membranes designed for battery applications. 

Table 3. The conductivity and tensile strength values of composite 

membranes based on PEO and PVA for application in batteries. 

Composites 
(σ) 

(S cm–1) 

Tensile 

Strength 

(MPa) 

REF 

PEO/PVA/LiClO4 3.5 × 10–3 (none) [19] 

Celgard/LNS/Li-S 0,56 × 10–3 (none) [29] 

PEO/PVA/GO/ LiClO4 1.65 × 10–3 4.4 [30] 

PEO/PVA/FGO/ LiClO4 5.20 × 10–5 13.6 [31] 

PEO/PVA/PESf/ 

LiFPO4 

0.83 × 10–3 (none) [32] 

PVA/ LiClO4/CNC 1.31 × 10–4 36.6 [33] 

PEO/T/PVDF/LiTFSI 2.46 × 10–9 (none) [22] 

PEO/Li6PS5Cl 1.03 × 10–3 50 [23] 

PVA/CS/ LiClO4 0.846 × 10–3 (none) [34] 

Celgard/ LiPF6 2.80 × 10–3 (none) [40] 

PEO/PVA/UiO-66/ 

LiPF6 

5.60 ×10–3 32.5 
This 

Work 

The optimal content of UiO-66 metal-organic frameworks 

(MOFs) for this polymer composite membrane was 

determined to be 6% w/w. This positioned it as a promising 

alternative to Celgard for lithium-ion battery separators. The 
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mini-research conducted, as depicted in Table 3, showed that 

the conductivity and tensile strength of the PEO/PVA/UiO-66 

composite were competitive with those of other PEO/PVA 

and Celgard composites used in battery applications. This 

improved performance was primarily attributed to the addition 

of UiO-66 MOFs at the optimal concentration, as 

demonstrated by our research. Additionally, we believe that 

the type of lithium salt utilized may have contributed to 

enhancing conductivity since its anion differs from those 

found in the lithium salts used in other studies [41]. 

4. Conclusion 

Characterization techniques, including X-ray diffraction 

and FTIR, confirmed the successful synthesis of the metal-

organic framework (MOF) UiO-66 through solvothermal 

methods. The X-ray diffraction analysis of the UiO-66 

polymer composite membrane indicated the formation of an 

amorphous phase. Meanwhile, FTIR analysis confirmed the 

effective blending of polyethylene oxide (PEO) and polyvinyl 

alcohol (PVA) through solution casting. Electrochemical 

impedance spectroscopy (EIS) revealed that increasing the 

content of UiO-66 reduced resistance and enhanced ionic 

conductivity. Meanwhile, mechanical testing showed that the 

addition of UiO-66 increased the strain at break but decreased 

the tensile strength. The optimal UiO-66 content was observed 

at 6% w/w that achieved an ionic conductivity of 5.36 × 10⁻³ 

S cm⁻¹ and a tensile strength of 32.5 MPa. 
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