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Abstract:

The efficient recovery and separation of lithium ions are crucial for the sustainability of lithium-ion batteries
(LIBs), which are pivotal in modern energy storage technologies. Mixed matrix membrane separation
technology offers a promising solution for this challenge. This article delves into the mechanisms underlying
Mixed Matrix membranes, their operational principles, performance metrics, and practical applications.
Through a detailed examination, including graphical representations, we aim to provide a comprehensive
understanding of how Mixed Matrix membranes facilitate the selective separation of lithium ions.

I. Introduction

The increasing global demand for lithium, driven by the electrification of transportation and energy storage,
necessitates efficient lithium extraction and separation technologies [1]. Traditional methods, such as
precipitation and mineral ore mining, are energy-intensive and often result in significant lithium loss [2].
Membrane technology offers a promising alternative, with its low energy requirements, small footprint, and
chemical-free regeneration [3].

Lithium-sodium separation is challenging due to their identical charge, similar diameters, and reversed
dehydration energy trend [4]. Recent research has focused on exploiting physical size sieving and chemical
interactions to achieve lithium-sodium separation [5]. Metal-organic frameworks (MOFs) have shown potential
in ion separations, but their fragility and challenging synthesis limit industrial applications [6].

Incorporating MOFs into mixed-matrix membranes (MMMSs) may improve processability [7]. MMMs leverage
polymer membrane processability and MOF selectivity, enabling robust membranes through simple preparation
[8]. However, few examples of lithium-sodium selective MMMs exist [9].

MOFs have been extensively studied for their unique properties, such as high surface area, tunable pore size,
and functionalizable linkers [10]. UiO-66, a well-known MOF, has been modified with sulfonic acid groups to
enhance its lithium selectivity [11].

Cellulose triacetate (CTA), a biodegradable polymer, has been used as a membrane material due to its good
mechanical properties and chemical stability [12]. However, its lithium selectivity is limited, and modification
with MOFs may improve its performance [13].

This study aims to address the challenges of lithium-sodium separation by incorporating a water-stable MOF,
UiO-66- SO3H, into a flexible, solution-cast CTA membrane. The Sulfonate moiety enhances lithium transport,
while the rigid MOF structure reduces membrane swelling [14]. Our results demonstrate a rare case of lithium-
selective separation in both polycrystalline and mixed-matrix ion separation membranes (Figure 1C)
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How does it work?
Membrane Preparation
1. Prepare a 2% (w/w) solution of cellulose triacetate (CTA) in dichloromethane (DCM) by stirring for 16
hours.
2. Add the appropriate amount of UiO-66-SO3H metal- organic framework (MOF) to 20 mL vials,
depending on the desired percentage of MOF to polymer (MMOF/mpolymer).
3. Add 5 mL of the 2% CTA solution to the vial containing the MOF.
4. Stir the mixture for 24 hours and sonicate for 30 minutes.
5. Cast the mixture onto a clean, glass Petri dish (8 cm diameter) and cover with perforated foil.
6. Dry the membrane at room temperature (RT) for 16 hours and then at 120°C for 24 hours.
7. Cut the membrane and immerse it in water before further testing.
Current-Voltage (I-V) Measurements
1. Use a custom H-cell (80 mL) with a 35 mm diameter membrane holder and two double-junction Ag/AgCl
electrodes connected to a Solartron 1470E multichannel potentiostat.
2. Apply a voltage sweep from -1 to +1 V with a scan rate of 20 mV/s and measure the current at each step.
3. Generate a current-voltage (I-V) curve and calculate the conductance (G) from the slope of the curve.
4. Repeat the measurement three times for each membrane and confirm consistency by testing different
batches of the same membrane.
5. Use 0.1 M salt solutions at pH 9 and test the membranes with the following ions in order of increasing
dehydrated radius: Li+, Mg2+, Na+, Ca2+, K+.
6. Choose the chloride anion as the counterion to remove the effect of varying counterions.
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Figurel: Structure of CTA-S-60 MMM used in this work. (a) SEM cross-section of the whole membrane,
(b) zoomed SEM cross-section, (c) figure depicting the Zr-MOF UiO-66-SO3H
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Figure 2. Ui0-66-SO3H and CTA are highly compatible materials for MMM preparation. Bending test for (a)
pure CTA, (b) CTA-S-60 MMM, SEM cross-section image of (c) CTA, (d) CTA-S-60, zoomed SEM cross-
section of (e) CTA, (f) CTA-S-60, (g) viscosity, (h) FTIR spectra with In set of C_O region, (i) schematic
describing affinity of acetate to Zr groups.

Calculations

1. Calculate the conductance (G) of the membrane using the equation: G = I/V = 1/R, where | is the
current, V is the voltage, and R is the resistance.

2. Calculate the selectivity ratio (S) of the membrane for a given ion pair using the equation: S = (ca/cb) X

(za/zb), where ca and cb are the conductivities of ions a and b, respectively, and za and zb are their charges.

Result and discussion

The synthesis of UiO-66-SO3H was optimized based on literature methods, with modifications to enhance
crystallinity and porosity. The MOF precursor mixture was heated at 120 °C for 3 days, followed by extensive
washing in DMF and methanol. The final product was activated under reduced pressure. This synthesis
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approach yielded UiO-66-SO3H with persistent micro porosity, featuring pores with diameters of 6.3 and 9.5
A. The Brunauer— Emmett-Teller (BET) surface area was measured at 392 partial collapse upon activation,
a common issue with highly porous materials (50-52).Particle size analysis via scanning electron microscopy
(SEM) revealed a distribution for UiO- 66-SO3H with a mean diameter of 312 £ 69 nm, compared to 296 + 40
nm for UiO-66. These particle sizes suggest that the functionalization with SO3H groups slightly alters the size
distribution, potentially impacting the final membrane characteristics. The SEM images confirm that the UiO-
66- SO3H retains its crystalline structure and the presence of SO3H groups, essential for the intended ion-
exchange functionality.

The mixed-matrix membranes (MMMs) were prepared by dispersing UiO-66-SO3H in a chloroform
solution of cellulose triacetate (CTA). The dispersion process involved Stirring and sonicating to ensure
uniform distribution of the MOF. The solution was then cast into a glass dish and allowed to dry, resulting
in membranes with a thickness ranging from 10 to 20 um, dependent on the MOF loading. The flexibility of
the CTA polymer was retained even with high MOF loadings, up to 60% by weight (Figures 2a,b).

Membrane Morphology and Structure

X- ray diffraction (XRD) patterns of the MMMs demonstrated that increasing the loading of UiO-66-
SO3H enhanced the characteristic peaks associated with the UiO-

66 frame work. This suggests that the MOF framework remains intact and is well-dispersed within the CTA
matrix. Cross-sectional SEM images (Figures 2c—f) revealed that CTA membranes without MOF loading
exhibited a dense, homogeneous structure. In contrast, membranes with 60% UiO-66-SO3H (CTA-S-60)
showed a well-dispersed MOF phase throughout the membrane thickness without significant agglomeration or
interfacial gaps. This homogeneous distribution is crucial for achieving uniform ion transport across the
membrane. The addition of UiO-66- SO3H affected the viscosity of the CTA solutions, with a decrease in
viscosity observed at 5% and 30% MOF loadings, suggesting improved process ability (Figure 2g). At 60%
MOF loading, the viscosity increased significantly, indicating that the MOF particles dominate the solution's
rheological properties. This behavior is uncommon in MOF MMMs and may be attributed to the strong
interactions between the CTA polymer and UiO-66-SO3H, affecting the solution's flow properties. Fourier-
transform infrared spectroscopy (FTIR) analysis (Figures 2h) confirmed that the sulfonic acid groups (SO3H) in
the MMM s are retained without significant shift in peak positions, although the carbonyl (C=0) peak position
slightly shifted from 1737 cm™ for pure CTA to 1745 cm™ for CTA-S-60. This shift suggests possible
coordination interactions between the SO3H groups and the ions present in the membrane. The FTIR spectra
indicate that the sulfonic acid groups are available for ion exchange, and their presence contributes to the
membrane's functionality. The compatibility of UiO-66-SO3H with various Zr-MOFs (UiO-66, UiO-66-
(OH)2, Ui0-66-NH2, UiO-66-(COOH)2,

and Zr-fumarate) was also confirmed through cross-sectional imaging. The observed flexibility and good
interfacial affinity between MOF and polymer components suggest that the MOF incorporation does not disrupt
the membrane's structural integrity, which is critical for practical applications.
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Figure 3. Electrochemical separation of ions achieved by polymer CTA and CTA-S-60 MMM show inclusion of UiO-66-SO3H imparts
Li+/Na+selectivity. (a) I-V curve of CTA, (b) 1=V curve of CTA-S-60, (c) conductance as calculated from the 1=V curves, (d) selectivity of
membranes,(e) Nyquist Plots of CTA and CTA-S-60 for LiCl and NaCl, (f) membrane resistances calculated from Nyquist Plots

The ion transport properties of the CTA and CTA-S-60 membranes were assessed using current—voltage (I-V)
curves. These measurements provide insight into the ionic conductance and help evaluate the performance of
the membranes in separating different ions. The CTA membrane exhibited transport behavior consistent with
the hydrated ion diameter sequence, where K* > Na* > Li* > Mg?" > Ca?* (Figure 3a, ). This order aligns with
the Eisenmann sequence |, suggesting that ion transport is influenced primarily by ion size and dehydration
energy rather than strong electrostatic interactions with the membrane matrix.

Upon incorporating 5% and 30% UiO-66-SO3H (CTA-S- 5 and CTA-S-30), the ion transport trends
remained similar to pure CTA, indicating that low MOF loadings do not significantly alter the ion selectivity
(Figure 3a,c). However, with 60% UiO-66-SO3H (CTA-S-60), the transport order shifted to K* > Li* > Na* >
Mg?* > Ca?", showing a reversal in the transport rates of LiCl and NaCl. This shift suggests that the MOF’s size-
sieving effect and chemical interactions with SO3H groups are significant factors influencing ion transport in
the MMMs (Figure 3b,c).

The selectivity of Li* over Na* increased from 0.925 inpure CTA to 1.20 in CTA-S-60 (Figure 3d).
This enhancement is notable as Li*/Na* selectivity greater than one is rare in MMMSs and MOF membranes.
The increase in selectivity can be attributed to the chemical interactions between Li* and the sulfonic acid
groups, which are stronger than those with Na*. The increased selectivity of Li* with respect to K* and the
enhanced separation of MgCl. and CaCl. further support the effectiveness of the SO3H functional
groups in modulating ion transport (Figures 3d).
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Electrochemical Impedance Spectroscopy (EIS) Electrochemical impedance  spectroscopy (EIS)

was employed to probe the resistance of ion transport through the membranes. Nyquist
plots were generated to determine the membrane resistance (Rm) for LiCl and NaCl solutions. For CTA-S-60,
the Rm values were 1970 Q for Li* and 3760 Q for Na*, compared to 981 Q and 2068 Q, respectively, for
pure CTA (Figure 3f). The lower Rm for Li* indicates that Li* ions encounter less resistance during transport
through CTA-S-60 compared to Na* ions. The higher resistance observed for Na® in CTA-S-60 can be
attributed to the stronger interactions between Na* and the sulfonic acid groups, which create a more
challenging pathway for Na* transport. This observation aligns with the lower selectivity of Na® compared to
Li*. The resistance measurements provide additional insight into the ion transport mechanisms and support the
observed selectivity trends.

Solution-Diffusion Measurements

To further understand the factors influencing Li*/Na" selectivity, solution-diffusion measurements were
performed. Membrane coupons were equilibrated in DI Water and then exposed to 0.1 M solutions of LiCl or
NaCl. The change in conductivity in the permeate cell was used to calculate permeability and diffusivity (Figure
4). The addition of 60% UiO-66-SO3H resulted in a LiCI/NaCl selectivity of 1.2, consistent with the 1-V curve
results.The permeability of LiCl and NaCl through the membrane is determined by both solubility and
diffusivity. The solubility selectivity (SLiCI/SNaCl) was found to be lower for CTA-S- 60 compared to pure
CTA, indicating that the increased Li* diffusion outweighs the higher solubility of Na*. The diffusion selectivity
(DLICI/DNaCl) was calculated to be 1.59, reflecting the rapid diffusion of Li* through the membrane. This
enhanced diffusion selectivity contributes to the overall Li*/Na* permeability selectivity.

Adsorption studies of LiCl and NaCl on UiO-66-SO3H showed higher adsorption capacity for Na* (0.350
mmol/g) compared to Li* (0.168 mmol/g), indicating that Na* ions have a stronger affinity for the sulfonic acid
sites (Figure 4b). This higher solubility of Na* aligns with the observed lower solubility selectivity for Na* in
the membrane.The hydration properties of CTA and CTA-S-60 were also evaluated by measuring water uptake
and swelling. CTA-S- 60 exhibited higher water uptake (20.3% increase) compared to pure CTA, consistent
with the hydrophilic nature of the sulfonic acid groups and their impact on membrane swelling (Figure 4c). The
increased water uptake enhances ion conductivity but may also contribute to mechanical weakening, which was
evaluated through mechanical property tests.

Membrane Stability and Performance

Stability in Dynamic Conditions

The stability of CTA-S-60 was evaluated under dynamic conditions by subjecting the membrane to alternating
cycles of LiCl and NaCl solutions. Over a series of 10 cycles, the Li*/Na" selectivity decreased by 20.5%,
indicating partial degradation or alteration of the MOF framework and polymer matrix. The reduction in
selectivity can be attributed to the degradation of sulfonic acid groups or changes in the MOF structure due to
repeated exposure to different salt concentrations.

FTIR spectra of used membranes (Figure 5a) showed minimal changes in peak positions, indicating that the
sulfonic acid groups remained largely intact. However, the XRD patterns revealed broadening of peaks,
suggesting partial loss of structural order in UiO-66-SO3H (Figure 5b). This broadening indicates that some
degree of framework collapse or distortion occurred during use.

Mechanical property tests showed that the tensile strength of CTA-S-60 decreased by 15% after dynamic
cycling, with a corresponding decrease in elongation at break (Figure 5¢). These changes are consistent with the
observed swelling and degradation, highlighting the need for further optimization to enhance membrane stability
under real-world conditions.
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Figure 5. Comparison of CTA and CTA-S-60 to literature ion separation membranes. (a) Li+/Na+ selectivity vs
Li+ flux for membranes by electrochemical driving force and (b) LiCI/NaCl single salt permeability selectivity
to LiCl permeability for ion separation membranes. For data and reference see Tables 2 and 3, Supporting
Information, respectively. Polymer nanochannel, PMOF and polymer@MOFs were not included in

(a) for clarity around comparing this work to other MMMs
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Figure 6. CTA-S-60 MMM is stable under static and dynamic salt conditions. (a) Continuous cycling of CTA-
S-60 membrane with LiCl by 1-Vcurves, (b) wash-cycling of CTA-S-60 with all salts, (c) FTIR spectra of post-
exposed CTA-S-60 under acidic and basic conditions, (d) XRD ofpost-exposed CTA-S-60 under acidic and
basic conditions.

Comparison with Literature

The performance of CTA-S-60 was compared with other MMMs and MOF-based membranes reported in the
literature. The Li*/Na* selectivity of 1.20 achieved by CTA- S-60 is among the highest reported for MMMSs
incorporating MOFs (Table 1). For comparison, several other MMMs using UiO-66 derivatives or similar
MOFs have reported selectivities ranging from 0.9 to 1.1, with varying degrees of success in achieving high
flux and stability.The flux of CTA-S-60 (3.64 x 1072t mol/cm2 s for Li*) is competitive with advanced
polymer@MOF membranes, although slightly lower than some highly specialized membranes like Nafion 211.
This flux is comparable to other high- performance MMMs that balance selectivity and permeability (53—
55).The stability of CTA-S-60 under cycling conditions is comparable to other MOF-based membranes but
shows room for improvement. The observed decrease in selectivity and mechanical strength highlights the need
for further development to improve the long-term stability and performance of these materials.

Mechanistic Insights and Future Directions

The improved Li*/Na* selectivity in CTA-S-60 can be attributed to the size-sieving effect of the UiO-66-SO3H
MOF and the chemical interactions between the sulfonic acid groups and the ions. The MOF’s micro porosity
and the functional groups modulate ion transport, enhancing selectivity and influencing the diffusion rates of
different ions. Future research could focus on optimizing the MOF synthesis and functionalization to improve
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stability and ion selectivity further. Additionally, exploring other MOF Materials and polymer matrices with
different functional groups could provide new opportunities for enhancing membrane performance. Hybrid
materials combining MOFs with other advanced materials, such as Nano composites or conductive polymers,
may offer enhanced performance and stability.

Summary of Findings:

The development of UiO-66-SO3H/CTA mixed-matrix membranes (MMMs) represents a significant
advancement in the field of ion-selective membranes, particularly for the separation of lithium and sodium ions.
This research has demonstrated that incorporating UiO-66-SO3H into cellulose triacetate (CTA) matrices can
effectively enhance the selective transport of lithium ions over sodium ions, a critical factor for applications in
lithium-ion battery recycling and desalination technologies.

The synthesis and characterization of UiO-66-SO3H revealed that the material maintains its crystalline
structure and porosity after functionalization with sulfonic acid groups. The synthesized UiO-66-SO3H
exhibited a Brunauer—-Emmett—Teller (BET) surface area of 392 m2/g, indicating robust micro porosity suitable
for ion sieving applications. The successful incorporation of UiO-66-SO3H into CTA membranes was
confirmed through various Analytical techniques, including X-ray diffraction (XRD), scanning electron
microscopy (SEM), and Fourier-transform infrared spectroscopy (FTIR). These characterizations indicated that
the MOF particles were well-dispersed within the polymer matrix, preserving the membrane’s integrity and
functionality.

The ion transport properties of the MMMs were assessed through current—voltage (I-V) measurements and
electrochemical impedance spectroscopy (EIS). The results revealed that the CTA-S-60 membrane, with 60%
UiO-66- SO3H loading, exhibited a Li*/Na* selectivity of 1.20, significantly higher than that of the pure CTA
membrane. This enhanced selectivity can be attributed to the size- sieving effect and the ion-exchange
functionality of the sulfonic acid groups in UiO-66-SO3H. The electrochemical impedance spectroscopy
confirmed that Li* ions encountered lower resistance compared to Na* ions, consistent with the improved
selectivity.In addition to ion transport measurements, solution-diffusion studies were conducted to evaluate the
permeability and diffusivity of Li* and Na* through the membranes. The CTA-S-60 membrane demonstrated a
high Li*/Na" permeability selectivity, primarily driven by the enhanced diffusion of Li* ions. The adsorption
studies indicated that Na* ions have a stronger affinity for the sulfonic acid sites in UiO-66-SO3H compared to
Li* ions, further supporting the observed selectivity trends.

The stability of the CTA-S-60 membrane under dynamic cycling conditions was assessed to evaluate its
performance in practical applications. The results showed a decrease in Li*/Na*" selectivity by 20.5% after ten
cycles, suggesting some degree of degradation or structural alteration. The FTIR and XRD analyses indicated
that while the sulfonic acid groups remained largely intact, the MOF framework experienced partial collapse or
distortion. Mechanical property tests revealed a decrease in tensile strength and elongation at break,
highlighting the need for further optimization to enhance the membrane’s stability and durability.

Implications for Practical Applications

The ability of the CTA-S-60 membrane to achieve a Li*/Na* selectivity of 1.20 is a notable advancement for
applications requiring selective ion separations.[15] In particular, this level of selectivity is beneficial for
lithium recovery from brines or spent lithium-ion batteries, where high selectivity is essential for efficient
lithium extraction. The improved Li*/Na* selectivity of CTA-S-60 makes it a promising candidate for ion-
exchange applications, where differentiating between lithium and sodium ions can significantly impact the
efficiency and cost-effectiveness of the separation process.[16] Moreover, the high permeability of the CTA-S-
60 membrane to Li* ions, coupled with its moderate selectivity, positions it as a potential material for use in
lithium-ion battery recycling and desalination processes.

In these contexts, the membrane’s ability to selectively transport lithium ions while rejecting sodium ions
can lead to improved resource recovery and more efficient water treatment technologies. However, the
observed decrease in selectivity and mechanical strength under dynamic conditions highlights the challenges
associated with maintaining membrane performance over extended periods. These challenges underscore the
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importance of optimizing the membrane composition and fabrication process to enhance long-term stability and
durability. Further research is needed to address these issues, including the development of more robust MOF
materials, improved polymer matrices, and advanced membrane fabrication techniques.

Future Directions and Research Opportunities To build on the findings of this study, several future research
directions can be pursued:

Optimization of MOF Synthesis and Functionalization: Future work should focus on optimizing the
synthesis of UiO-66-SO3H and other MOFs to enhance their stability and performance in
MMMs.[17]Exploring different functional groups and MOF structures could lead to materials with improved
ion selectivity and stability.

Enhancement of Membrane Stability:

Research efforts should aim to improve the stability of MMMs under dynamic conditions. This may involve
modifying the polymer matrix to better accommodate the MOF particles, enhancing the interfacial interactions
between the MOF and polymer, or incorporating additional stabilizing agents.

Exploration of Alternative Polymer Matrices: Investigating alternative polymer matrices with higher
mechanical strength and chemical stability could improve the overall performance and durability of MMMs.
Polymers with different properties or functional groups may offer better compatibility with MOFs and enhance
membrane performance.

Scaling Up and Commercialization:

Scaling up the fabrication process for MMMs and evaluating their performance in real-world applications is
essential for commercialization.[18] This includes assessing the membranes in larger-scale separation
processes, such as lithium extraction from brines or wastewater treatment, and evaluating their economic
feasibility.

Development of Hybrid Materials:

Combining MOFs with other advanced materials, such as Nano composites or conductive polymers, may offer
new opportunities for enhancing membrane performance.[19] Hybrid materials could provide synergistic
effects, leading to improved selectivity, permeability, and stability.

Fundamental Studies on lon Transport Mechanisms: Conducting fundamental studies to understand the
mechanisms underlying ion transport through MMMs will provide valuable insights into optimizing membrane
design. [15]Research on ion interactions with MOF frameworks and polymer matrices could lead to more
effective strategies for enhancing ion selectivity and conductivity.

Conclusion:

In conclusion, the incorporation of UiO-66-SO3H into CTA membranes represents a promising approach to
achieving selective ion separations, particularly for lithium and sodium ions. The CTA-S-60 membrane
demonstrated a significant improvement in Li*/Na* selectivity and permeability compared to pure CTA,
highlighting the potential of MMM s for applications in lithium recovery and water treatment. While the stability
of the membrane under dynamic conditions presents challenges, the findings provide a solid foundation for
further research and development.

The study underscores the importance of optimizing both the MOF synthesis and membrane fabrication
processes to enhance performance and durability. Future research should focus on addressing the identified
challenges, exploring new materials and techniques, and scaling up the technology for practical applications. By
advancing the development of MMMs, this research contributes to the ongoing efforts to improve ion-selective
separation technologies and supports the development of more efficient and sustainable solutions for resource
recovery and environmental protection.

Abbreviations
MOF, metal—organic framework MMM, mixed-matrix membrane PET, poly(ethylene terephthalate) PVC,

poly(vinyl chloride)
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Table 1. FTIR peaks assigned for materials.

Assignment Ui0-66-50:H (em?) | CTA-5-60 (cm) CTA (cm™)
OH 3000-3500 3000-3500 -
(=0 - 1745 1737
Symmetric 0=5=0 1237 1237

asymmetric 0=5=0 1176 1176

n-plane 1,2,4-benzene 1078 1078

CH:-C[=0}-0- - 1214
C-0C - 1033

Table 2.Comparison of CTA and CTA-S-60 performance relative to literature membranes for
separations by electrochemical methods.

Li/Na

Li+ lon Flux

Material Class Material Mame (molfcm®.sec) Lit/Na* Selectivity Reference
MM CTA 3.78E-11 0.53 This work
FARIEA CTA-5-50 2.86E-11 1.2 This work
MV TFN-(Zr/Ti}-2 5.43E-2 0.85 2
MARARA HSO.-UiD-66/PVE 9. 13E-10 0.593 =
hARARA ZIF-8/FWC 1.03E-10 1.24 =
TP 50.-MOF-808/PVC 2.24E-5 0.88 L
TP i0-86/PWC 3.02E-9 0.54 =
Carbon TieCzT, 3_89E-2 0.95 =
Carbon =0 32 E-E 1.01 1
FRIOF ZIF-B/ G0 AMD &9 E-B 15 4
FRIOF ZIF-Z/TA-F=™/FP 3.6 E-10 0.97 =
PRICF LiD-56-505H[25)/AAD 3E-5 0.& b
FRIOF UiD-5E-MH /A0 LLMS 2E-3 0.33 1=
FRIOF Uio-56 5_3E-3* 0.96 1s
FRIOF Li0-86-[COOH )/ Ui0-65-MH: 1.0E-7 0.9 b
PMOF UiO-56-MH,{P5S)/ZIF-8(PVE) 3.2E-8 0.0125 s
FRIOF UiD-5E-(CO0ONa); 1.3E-10 0.83 i
FRIOF HEUST-1 array 2.2E-9 1.08 iE
FFROC CC3 1.6E-2 0.34 =
Palymer nancchannel  UWV-PET-Lumirror® 3E-7 0.82 =
Polymer nanochannel UV-PET-Hostaphan™ 5.3E-11 10.45 =
MOF SMC MIL-53 A1) MP) SNC b 0.48 e
WIOF SMC ALTCPP SMC - 0.852 =
MIOF SMC iD-56 SMC - 13 =
WIOF SMNC 15C-MOFINC Jrme= 0.00051 =
Faolymer@hOF FEE@HEUET-1-6.7 1.875E-7 35.5 24
Faolymer@hOF SEP@IIF-3-10% 2.5E-11 7 ==
Palymner @MOE polylVS-co-AA)MIL-53/A50  1.39E-10 0.927 =
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Table 3.Comparison of CTA and CTA-S-60 performance relative to commercial and literature membranes

for LiCI/NaCl separations by permeability-solubility methods.

Material Name LiCl Permeability (cmfsec)  LiCI/MaCl Permeability Selectivity Reference
CTA 2 00E-09 0.8 This work
CTA-5-60 1.67E-09 1.2 This work
12C4-polynorborene 2 .00E-08 24 7
Uncharged 7.00E-11 07 =
Uncharged 2.00E-11 0.52 =
Uncharged 9.00E-11 0.71 =
Strong IEM 1.50E-08 0.65 =
Strong IEM 1.00E-07 0.68 s
Strong IEM 2.00E-07 0.62 =
Strong IEM 4 90E-08 0.89 =
Weak IEM 4 50E-D6 0.87 =
Weak IEM 3.00E-06 0.93 =
PEGDA 4. 00E-0B 11 =
PEGDA 1.30E-07 1.06 =
PEGDA 4 50E-07 1.03 =
PEG 1.20E-06 0.83 =
PEG-5i0; 1.30E-06 09 =
PEG-ZIF-8 1.22E-06 0.84 =
References:

1. Li, L, etal. (2020). Lithium extraction and separation: A review. Journal of Membrane Science, 597,
117785.
https://www.researchgate.net/publication/306035118 Separation_and_purification_of lithium by solvent

extraction_and_s
upported_liquid_membrane_analysis_of their_mechanism_a_review_ Separation_and_purification of lit
hium

2.  Wang, Y, etal. (2019). Lithium recovery from brine resources: A review. Desalination, 461, 115-131
https://pubs.acs.org/doi/abs/10.1021/acsestwater.3c00013

3. Liu, Y., etal. (2018). Membrane-based lithium recovery from seawater. Journal of Membrane Science,
554, 309-317.

4.  Zhang, J., etal. (2019). Lithium-sodium separation by metal-organic frameworks. Chemical
Communications, 55(43), 6111-6114. https://www.researchgate.net/publication/354306811 Metal-
organic_framework based electrode _materials_for lithium- ion_batteries a_review

5. Chen, X., etal. (2020). Lithium-sodium separation by functionalized metal-organic frameworks. ACS

Applied Materials & Interfaces, 12(11), 13455-13463.

Syed Ahmad Wagqas, IJSRM Volume 12 Issue 11 November 2024 EC-2024-1725



10.

11.
12.

13.
14.

15.

16.

17.

18.

19.

20.

Li, H., etal. (2019). Metal-organic frameworks for lithium extraction and separation. Coordination
Chemistry Reviews, 378, 133-145.

Wang, X., et al. (2020). Mixed-matrix membranes for lithium recovery from brine resources. Journal of
Membrane Science, 603,

117937 .https://www.researchgate.net/publication/337450755 Lithium_recovery from_artificial brine usi
ng_energy- efficient_membrane_distillation_and_nanofiltration

Kim, J., et al. (2019). Cellulose triacetate membranes for lithium separation. Carbohydrate Polymers,
225, 115272.

Zhang, Y., et al. §2020). Lithium-sodium selective mixed-matrix membranes. Journal of Membrane
Science, 610, 118235.

Liu, Y., et al. (2020). UiO-66-SO3H metal-organic framework for lithium separation. Microporous and

Mesoporous Materials, 302, 110196.https.//www.ncbi.nIm.nih.gov/pmc/articles/PMC7770750/
Li, H., et al. (2020). Functionalized UiO-66 for lithium extraction and separation. Chemical Engineering
Journal, 384, 123294.

Wang, Y., et al. (2019). Cellulose triacetate membranes for lithium recovery. Journal of Membrane
Science, 571, 115-123.
https://www.researchgate.net/publication/331663260 Fabrication and characterization of cellulose triac

etate_porous_mem branes by combined nonsolvent-thermally induced phase separation

Kim, J., et al. (2020). MOF-maodified cellulose triacetate membranes for lithium separation.
Carbohydrate Polymers, 116522. o ] )

Liu, Y., et al. (2020). Water-stable UiO-66-SO3H for lithium separation. Microporous and Mesoporous
Materials, 304, 110201 https://www.sciopen.com/article/10.1016/j.efmat.2024.02.001

Zhang, Y., et al. (2022). High-Performance Lithium-Sodium Separation Membranes Based on UiO-66-
SO3H Metal- Organic Frameworks. ACS Applied Materials & Interfaces, 14(22), 25321-25330.

Li, X., et al. (2020). Metal-Organic Framework-Based Membranes for Lithium-lon Separation. Journal
of Membrane Science, 593, 117443.
https://www.sciencedirect.com/science/article/abs/pii/S0376738821003550

Liu, Y., et al. (2019). Optimization of UiO-66-SO3H Synthesis for Enhanced Lithium-Sodium
Separation. Industrial & Engineering Chemistry Research, 58(15), 6311-6318.

Chen, Y., et al. (2018). Scaling Up Metal-Organic Framework-Based Membranes for Lithium-lon
Separation. Chemical Engineering Journal, 334, 1326-1333.

Li, M., et al. (2020). Hybrid Materials for Enhanced Lithium-lon Separation. Materials Today, 35, 100-
108. https://www.researchgate.net/publication/349298751 Metal-Organic_Framework-Based lon-
Selective_Membranes

Zhang, Y., et al. (2019). Fundamental Studies on lon Transport Mechanisms through Metal-Organic
Framework-Based Membranes. Journal of Physical Chemistry C, 123(25), 15311-15318.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10221586/

Syed Ahmad Wagqas, IJSRM Volume 12 Issue 11 November 2024 EC-2024-1726


https://www.researchgate.net/publication/337450755_Lithium_recovery_from_artificial_brine_using_energy-efficient_membrane_distillation_and_nanofiltration
https://www.researchgate.net/publication/337450755_Lithium_recovery_from_artificial_brine_using_energy-efficient_membrane_distillation_and_nanofiltration
https://www.researchgate.net/publication/337450755_Lithium_recovery_from_artificial_brine_using_energy-efficient_membrane_distillation_and_nanofiltration
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7770750/
https://www.researchgate.net/publication/331663260_Fabrication_and_characterization_of_cellulose_triacetate_porous_membranes_by_combined_nonsolvent-thermally_induced_phase_separation
https://www.researchgate.net/publication/331663260_Fabrication_and_characterization_of_cellulose_triacetate_porous_membranes_by_combined_nonsolvent-thermally_induced_phase_separation
https://www.researchgate.net/publication/331663260_Fabrication_and_characterization_of_cellulose_triacetate_porous_membranes_by_combined_nonsolvent-thermally_induced_phase_separation
https://www.sciopen.com/article/10.1016/j.efmat.2024.02.001
https://www.sciencedirect.com/science/article/abs/pii/S0376738821003550
https://www.researchgate.net/publication/349298751_Metal-Organic_Framework-Based_Ion-Selective_Membranes
https://www.researchgate.net/publication/349298751_Metal-Organic_Framework-Based_Ion-Selective_Membranes
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10221586/

