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Abstract The aim of this work is to develop a hybrid material based on MXene and metal-organic framework 

(MOF) for enhanced CO2 adsorption under ambient conditions. Surface modification of MXene combined with 

MOFs has shown potential in enhancing CO2 capture efficiency by providing high surface area, tunable structure, 

and favorable porosity. This makes them a key material in developing advanced DAC systems as well as carbon 

management applications in transportation environments such as rail cabins, subway stations, and enclosed transit 

spaces. The targeted hybrid was Ti3C2Tx/MIL-100 (Cr). Its physical and chemical properties were characterized by 

SEM-EDS, XRD, FTIR, TGA, and XPS. The surface area and pore distribution were characterized by the BET pore 

theory and BJH model. Breakthrough experiments were conducted under 15% CO2, 1 atm, and 25 °C. The 

MXene/MOF achieved 50% higher adsorption capacity than that of pristine MOF. 
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1. Introduction 

Metal organic frameworks (MOFs) are gaining 

attention for direct air capture because of their high 

surface area, exceptional porosity, and adjustable 

surface chemistry. However, their practical 

application is limited by an energy-intensive 

regeneration step.  Conventional regeneration 

typically relies on external heating, which can be 

slow and inefficient due to poor heat transfer within 

the sorbent bed. MXenes are emerging 2D conductive 

materials that can be incorporated as a conductive 

component to enable rapid and efficient joule heating 

[1]. For this purpose, a proof-of-concept study was 

conducted using MXene-MOF composite to evaluate 

whether the incorporation of MXene could improve 

CO2 adsorption performance and regeneration under 

multiple cycles.  

2. Material Synthesis and Characterization 

MXene-MIL-101 (Cr) was prepared by hydrothermal 

synthesis according to the reported method in the 

literature [2]. The prepared MXene-MIL-101 (Cr) was 

analyzed by SEM-EDS, XRD, FTIR, TGA, and XPS. 

The surface area (m
2
/g) and porosity data (cm

3
/g) were 

examined by the BET method using N2 adsorption-

desorption isotherms. 

2.1 CO2 Adsorption and Regeneration  

  A stainless steel fixed-bed column was used to carry 

out breakthrough analysis. 4g of adsorbent was inserted 

into the column, and the feed flow rate of CO2/N2 was 

controlled by mass flow controllers. The breakthrough 

time was defined at Co/C. The adsorption capacity is 

calculated by q (mg/g) = (tb * Co * Q* þ) / m 

where q (mg/ g) is the CO2 adsorption capacity, tb is the 

breakthrough time, Co is the inlet CO2 concentration 

(vol%), Q is the flow rate of feed gas (mL/min), p is the 

density of CO2 at the desired temperature (mg/ mL), and 

m is the mass of adsorbent. 

Regeneration was carried out by purging N2 for 10 mins 

for desorption under the same conditions. 
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Fig. 1 (a) SEM-EDS of MXene/MIL-101 (Cr), (b) XRD of MXene/MOF, (c) CO2 adsorption and regeneration of Pristine MIL-101 

(Cr) & MXene/MIL-101 (Cr) 

 

3. Results and Discussions 

MXenes, a new 2D type layered material, have 

been used recently to enhance MOFs' 

electrocatalytic activity. In this work, MXene is 

incorporated with MIL-101 (Cr) to improve the 

chemisorption rate, therefore enhancing the MOF 

adsorption performance. The SEM-EDS image and   

XRD pattern of the prepared adsorbent are shown 

in Fig.1 (a) and (b), respectively. N2 adsorption 

curves showed the BET surface area of 

MXene/MOF as 2138.8 m2/g. The incorporation of 

a low amount of MXene did not block the internal 

pores of MOF. The enhanced CO2 adsorption 

capacity of MOF after MXene incorporation 

indicates that the MXene surface provided 

functional sites for adsorption. This increased 

adsorption could arise from the increased 

quadrupole moment of CO2 molecules with MXene 

[3]. 

4. Conclusions 

Thus, it can be concluded that there is at least 2 times 

increase in the adsorption capacity of MXene-MOF 

compared to pristine MIL-101 (Cr) MOF. The 

MXene-MOF also showed good regeneration after 

repeated cycles. The future work would explore the 

low-concentration CO2 adsorption and conductive 

regeneration of the prepared adsorbent.  
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