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ABSTRACT  
Background: Anthropogenic carbon dioxide (CO₂) emissions have risen significantly due to the extensive use 
of fossil fuels, necessitating the development of effective CO₂ capture and conversion techniques. Adsorption 
using Metal-Organic Frameworks (MOFs) has shown great potential due to their high CO₂ adsorption capacity, 
particularly Ni-based MOFs. Enhancing their adsorption efficiency remains a key research focus to improve 
sustainability in CO₂ capture applications. Methods: Ni-based MOF (Ni-DOBDC) was synthesized using the 
solvothermal method, employing DMF as the solvent and 2,5-dihydroxyterephthalic acid (DOBDC) as the organic 
ligand. To enhance CO₂ adsorption capacity, Ni-DOBDC was further modified with ethylenediamine (EDA) via 
post-synthetic modification. Structural characterization was performed using XRD, confirming similarity to the 
Ni-DOBDC reference (CCDC 288477), and FTIR, which showed enhanced absorbance peaks. SEM-EDX analysis 
revealed a flower-like morphology with an average particle size of 0.75 μm. CO₂ adsorption tests were conducted 
on Ni-DOBDC and EDA/Ni-DOBDC (10%) using the titration method under controlled conditions. Findings: The 
CO₂ adsorption capacity of Ni-DOBDC and EDA/Ni-DOBDC was tested at 70°C with a CO₂ concentration of 50% 
in N₂. EDA modification significantly improved CO₂ adsorption capacity, with EDA/Ni-DOBDC achieving 9.95 
mmol g⁻¹ compared to pristine Ni-DOBDC’s 6.44 mmol g⁻¹. However, Ni-DOBDC exhibited better regeneration 
ability in a three-cycle reusability test, likely due to EDA leaching during regeneration. Conclusion:  EDA-
modified Ni-DOBDC demonstrates enhanced CO₂ adsorption capacity, making it a promising material for CO₂ 
capture applications. However, its reduced regeneration stability suggests the need for further optimization to 
improve long-term performance. Future studies should explore strategies to minimize EDA leaching while 
maintaining high adsorption efficiency. Novelty/Originality of this article: This study provides new insights 
into improving Ni-based MOF performance for CO₂ capture through post-synthetic modification with EDA. The 
findings highlight a trade-off between increased adsorption capacity and material stability, emphasizing the 
need for further refinement in MOF functionalization strategies.  
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1. Introduction  
 

The advancement of technology has led to an increase in energy demand, resulting in 
the rapid consumption of fossil fuels, which remain one of the primary energy sources 
worldwide (Stolar et al., 2021). The combustion of fossil fuels currently accounts for more 
than 85% of the global energy demand, and by 2040, that percentage is projected to increase 
by 30% (Ghanbari et al., 2020; Ullah et al., 2020). The overconsumption of fossil fuels is 
followed by the large emissions of greenhouse contributing CO2 gas into the atmosphere. A 
sharp increase in atmospheric CO2 concentration has been observed, rising from 278 ppm 
to 415 ppm in 2019, marking a 6.2% increase since the industrialisation in 2011 (Lei et al., 
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2022a). The high levels of CO2 emissions have been reported to increase the earth’s 
temperature by approximately 1.05 °C, as reported by the Intergovernmental Panel on 
Climate Change (IPCC), which causing the rise of sea levels of 62.3 mm, according to the 
International Monetary Fund (IMF) in 2022 (Qasem et al., 2018). Furthermore, rising CO2 
could also affect marine ecosystems, particularly for shell-forming organisms. Since CO2 
increased ocean acidity due to the dissolution of CO2 in seawater, causing a shortage of 
carbonate ions as the calcium carbonate (CaCO3) salts tend to be converted into bicarbonate 
ions (HCO3–) (Choe et al., 2021). 

The extensive use of fossil fuels has caused significant negative impacts toward 
environment, initiating researchers to develop technologies to capture CO2. There has been 
reported several methods, including cryogenic distillation, chemical adsorption and 
physical adsorption (Adhikari & Lin, 2016; Chen et al., 2021). Adsorption has remain a 
promising candidate among various technologies due to its high energy efficiency and low 
operational costs (Huang et al., 2014). Physical adsorption using porous solid materials as 
adsorbents is widely used for CO2 capture, including a variety of of adsorbents such as 
zeolite, polymers, carbons and Metal Organic Frameworks (MOFs) (Sin et al., 2019). Despite 
the cost-effectiveness and optimised result offered by zeolites and carbons, the exceptional 
porosity and chemical tunability of MOFs have gain massive attention to replace both 
materials (Herm et al., 2012). Due to the large surface areas, low density, tunable porosity, 
and selective affinity towards specific gases, MOFs exhibit promising applications as storage 
media and separation adsorbents (Adhikari & Lin, 2016; Basu et al., 2011). Furukawa et al. 
reported the highest specific area MOF-210 to date (6240 m2g–1), which exhibits exceptional 
CO2 capture ability up to 71% at 50 bar and 298 K (Furukawa et al., 2010). Additionally, 
MOF-177 also showed high CO2 adsorption capacity of 60% at 35 bar, according to Adhikari 
& Lin (Adhikari & Lin, 2016). 

MOFs based on 2,5-dihydroxyterephthalate acid (DOBDC) linkers have demonstrated 
high CO2 adsorption, favourable structural characteristics, and large surface areas. 
Numerous modifications towards DOBDC MOF have been reported in order to improve the 
CO2 adsorption capacity, these include of the metal sites and the addition of functional 
groups. In terms of metal sites, Ni-based DOBDC MOF has been reported to be more effective 
for CO2 adsorption (Adhikari & Lin, 2016; Ghanbari et al., 2020; Kalyon et al., 2024; Liu et 
al., 2023). Liu et al. on their findings indicated that Ni/DOBDC MOF is more stable compared 
to Mg/DOBDC MOF due to the higher oxidation susceptibility of Mg (Liu et al., 2023), while 
Adhikari et al. reported that Ni-based MOFs exhibit higher CO2 adsorption capacity (11.06 
mmol) compared to Co-based MOFs (10.28 mmol) (Adhikari & Lin, 2016). In terms of the 
addition of functional groups, polar functional groups like –OH, –N=N–, –NH2, and –N=C(R)– 
have been reported to enhanced CO2 adsorption capacity due to the quadrupole moment of 
CO2 molecules (Ghanbari et al., 2020; Kalyon et al., 2024). 

In this study, Ni-based DOBDC MOF synthesised via solvothermal method is being 
modified with a variation of ethylenediamine (EDA) concentration to improve the CO2 
adsorption capacity. A series of characterisation using XRD, FT-IR, N2-physisorption, and 
SEM-EDX were carried out to study the physicochemical properties of the as-synthetised 
Ni-DOBDC and EDA/Ni-DOBDC. Furthermore, CO2 adsorption tests were carried out and 
quantitatively analysed using titration method. Temperature and CO2 concentration were 
modified to obtain the optimum adsorption condition, which further used to the analysis of 
reusability of both adsorbents. To the best of author knowledge, analysis of the EDA 
concentrations towards the CO2 adsorption capacity and reusability is yet to be reported.  

 

2. Methods 
 
2.1 Materials 
 

The materials used in this research, including distilled water, were used without 
further purification, including 2,5-dihydroxyrephthalic acid (DOBDC, 98%), nickel (II) 
nitrate hexahydrate (Ni(NO3)2·6H2O, for analysis EMSURE® ACS), N,N-dimethylformamide 
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(DMF, anhydrous, 99.8%), 1,2-diaminoethane (ethylenediamine, ReagentPlus®, ≥99%), 
sodium hydroxide (NaOH, 0.1 N solution), hydrochloric acid (HCl, 37%, ACS reagent), 
potassium hydrogen phthalate (KHP, for analysis EMSURE® Reag. Ph Eur), methanol 
(absolute), ethanol (absolute), phenolphthalein (indicator, ACS reagent), and methyl orange 
(indicator pH 3.0-4.4), which were obtained from Sigma Aldrich. CO2 (Ultra High Purity, 
99.99%) and N2 (Ultra High Purity, 99.99%) gasses were obtained from CV Retno Gas 
(Jakarta, Indonesia). 
 
2.2 Adsorbent synthesis and modification 
 

Ni-based MOF was synthesised following procedure from Li et al., with some 
modifications (Li et al., 2014). The synthesis involved the addition of 0.48 g DOBDC and 2.38 
g  nickel(II) nitrate hexahydrate to a mixture of 50 mL DMF, 50 mL ethanol, and 50 mL 
distilled water. The mixture was then stirred and sonicated for 30 mL at room temperature. 
The resulting solution was then transferred to a teflon-lined autoclave and heated at 100 °C 
for 24 h in an oven. The obtained yellowish-brown precipitate was filtered, washed with 
methanol, and dried to achieve Ni-DOBDC.  

Modification of Ni-DOBDC MOF with ethylenediamine (EDA) was carried out following 
procedure from Easun et al., with some modifications (Asghar et al., 2020a). Initially, 0.1 g 
Ni-DOBDC MOF was prepared and added to EDA in ethanol solutions with variations of 
concentration of 10%, 15%, and 20%. The mixture was then subjected to reflux heating with 
stirring at 400-450 rpm for 8 h at 70 °C. The resulting product was filtered and washed 
sequentially with deionised water and ethanol. The sample was dried at room temperature 
for 24 hours to produce a EDA/Ni-DOBDC x¸with x as the concentration of EDA. 
 

 
Fig. 1. Schematic illustration of EDA/Ni-DOBDC synthesis 

 
2.3 Characterisation method 
  
 The structure and crystallinity of Ni-DOBDC MOF and its modifications were 
determined using an X-ray diffraction diffractometer (PANalytical Empyrean) operated at 
40 kV and 30 mA, with a Kα radiation source (λ = 1.54059 Å) over 2θ range of 5–90°. 

https://doi.org/10.61511/eam.v2i2.2024.1435
https://doi.org/10.61511/eam.v2i2.2024.1435


Fahriansyah et al. (2024)    80 

 
EAM. 2024, VOLUME 2, ISSUE 2                                                                                         https://doi.org/10.61511/eam.v2i2.2024.1431 

Functional group identification was conducted using an Alpha-Bruker Fourier Transform 
Infrared (FT-IR) spectrometer with a resolution of 4 cm–1, utilising potassium bromide 
(KBr) pellets. Textural properties of adsorbents were investigated using surface area and 
pore analyser (Quantachrome Quadrasorb-Evo) with N2 gas using Brunauer-Emmett-Teller 
(BET) method and BJH method for pore size analysis. Morphology analysis was conducted 
via SEM imaging using JEOL-JSM-6510LA Scanning Electron Microscope equipped with 
Energy Disperise X-ray (EDX). 
 
2.4 Adsorption test 
  

The CO2 adsorption test was conducted following the procedure from our previous 
studies (Lestari et al., 2018). Prior to the adsorption test, the adsorbent was heated in a 
tubular furnace at 60 °C for 1 h under N2 conditions. Adsorption tests were performed in a 
chamber connected to a closed container containing 100 mL NaOH solution (1 x 10–5 M, ± 2 
°C). 0.05 g of adsorbent was placed in the chamber and flowed with CO2 gas with a duration 
ranging from 5 to 30 mins. Optimum adsorption condition was investigated by modifying 
the adsorption temperature (25, 50, and 75 °C) and CO2 concentration (40 and 50% in N2). 

The CO2 concentration in NaOH solution was determined via titration method as 
described in (Kim et al., 2005). A 10 mL sample of NaOH-CO2 solution was titrated with 1 x 
10–5 M HCl solution. Titration to the first equivalence point was noted by a colour change of 
PP indicator to colourless, indicative of the neutralisation of the excess NaOH and 
conversion of sodium carbonate to sodium bicarbonate. Titration to second equivalent 
point utilised methyl orange indicator, which indicated the conversion of sodium 
bicarbonate into CO2 and H2O. The concentration of dissolved CO2 was calculated based on 
the different in titrant volume between the first and second equivalence points. The 
reusability test was carried out in three cycles following the procedure from Li et al., with 
some modifications (Li et al., 2014). Following the CO2 adsorption test, the sample was 
degassed with N2 at 100 °C for 30 mins. 

The amount of CO2 adsorbed onto MOF materials was determined by comparing the 
molar difference of CO2 in a blank experiment (without adsorbent) and in the NaOH solution 
for each experiment. HCl solution used was standardised with a 1 x 10–5 M KHP solution to 
ensure accuracy in the calculation. Similarly, 1 x 10–5 M NaOH solution was standardised 
with HCl standard solution. The calculation of CO2 adsorption was performed using Eq. 1-3. 

 
Mol of CO2 passing through the adsorbent = Mol of CO2 in NaOH solution (Eq. 1) 
 

Mol of CO2 in NaOH solution = ½ {mol of NaOH − (M HCl × ∆V HCl)} (Eq. 2) 
 

Mol of CO2 adsorbed = mol of CO2 (blank) − mol of CO2 passing through adsorbent (Eq. 3) 
 

3. Results and Discussion 
 
3.1 Adsorbent characterisations 
 

XRD patterns of Ni-DOBDC and its EDA derivatives are presented in Fig. 2a-b. Fig. 2 
compares the XRD pattern of the as-synthesised Ni-DOBDC and Ni-DOBDC reference (CCDC 
No. 288477) (Zhou et al., 2024). Two prominent peaks were observed at 2θ = 6.8° and 11.8° 
associated with the (110) and (300) plane, respectively. The as-synthesised Ni-DOBDC 
pattern also shows similarities with the diffraction patterns of previously reported studies 
from Li et al. and Song et al. (Li et al., 2014; Song et al., 2022). Based on the similarities of 
XRD patterns with reference and previous studies, it can be concluded that the crystalline 
structure of the as-synthesised Ni-DOBDC was successfully formed.  

Fig. 2b depicts the XRD patterns of the as-synthesised Ni-DOBDC and its EDA-
derivatives. EDA/Ni-DOBDC 10% shows similar patterns to the pristine Ni-DOBDC with a 
slight shift along the x-axis, which is likely caused by the addition of EDA groups. These 
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results indicated that the addition of 10% EDA did not damage or degrade the crystalline 
structure of Ni-DOBDC. In contrast, the diffraction patterns of EDA/Ni-DOBDC 15% and 
20% displayed no detectable peaks. This absence is likely due to the disruption or collapse 
of the framework structure of Ni-DOBDC due to the excessive concentration of EDA (Daud 
et al., 2022). Furthermore, Table 1 presents the analysis of XRD result using Scherrer 
equation to investigate the crystallite size. Ni-DOBDC exhibits crystallite with average size 
of 0.12 μm, while modification with EDA decreased the crystallite size of EDA/Ni-DOBDC to 
0.09 μm. 
 

 
Fig. 2. XRD patterns of (a) Ni-DOBDC and (b) Ni-DOBDC and its EDA derivatives; FT-IR spectra of (c) 

Ni-DOBDC and (d) Ni-DOBDC and its EDA derivatives 

 
The FTIR spectrum of the as-synthesized Ni-DOBDC (Fig. 2c) revealed several 

characteristic peaks, including –OH vibration at 3419 cm⁻¹, C=O stretching peak at 1658 
cm⁻¹, aromatic C=C group at 1413 cm⁻¹, and C=O group at 1195 cm⁻¹ (Pamei et al., 2022), 
originating from the DOBDC ligand bound to the metal (Asghar et al., 2020b; Lei et al., 
2022b). The FT-IR spectrum of the as-synthesised Ni-DOBDC was compared with both the 
reference spectrum for Ni-DOBDC and DOBDC ligand, which demonstrated consistency 
between the as-synthesised Ni-DOBDC and the reference Ni-DOBDC MOF, as well as the 
ligand. No significant changes were investigated, only differences are in –OH vibration and 
additional peak of O–Ni–O at 889 and 824 cm⁻¹. Additionally, new peaks corresponding to 
–NH, –NH₂, and C–N groups were observed in EDA/Ni-DOBDC samples (Fig. 2d) due to the 
incorporation of EDA groups into MOF framework. FT-IR analysis of Ni-DOBDC supports 
the successful formation of the Ni-DOBDC MOF as shown by XRD patterns.  

EDA/Ni-DOBDC 10% will be used for further characterisation and adsorption test since 
XRD and FT-IR results show that the addition of 15% and 20% EDA caused the breakdown 
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of Ni-DOBDC framework. Table 1 presents the N2-physisorption results of Ni-DOBDC and its 
EDA-derivative, with the decrease of SBET of EDA/Ni-DOBDC as compared to Ni-DOBDC (257 
m2 g–1). However, Vtotal  and pore diameter of EDA/Ni-DOBDC was retained as shown by its 
similarities with pristine Ni-DOBDC. The decrease of EDA/Ni-DOBDC surface area might be 
due to the incorporation of EDA into the pores of Ni-DOBDC, since XRD results show no 
breakdown of the structure of EDA/Ni-DOBDC 10%.  
 

 
Fig. 3. SEM images of (a) Ni-DOBDC and (b) EDA/Ni-DOBDC 10% with their representative EDX 

mapping of full elements, Ni, and N only 
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Fig. 3 presents the SEM-EDX images of Ni-DOBDC (Fig. 3a) and EDA/Ni-DOBDC (Fig. 
3b), with their representative mapping of full elements, Ni, and N. SEM images of Ni-DOBDC 
show a rod morphology aggregated into a flower-like structure with an average particle size 
of 0.75 μm. These results show similarities with our previous studies and study from Chen 
et al. (Chen et al., 2019, 2022). The addition of EDA did not change the overall morphology 
of EDA/Ni-DOBDC, only an increased in an average particle size of 0.87 μm was observed. 
Furthermore, mapping results show a great distribution of Ni and N elements within both 
materials, while EDA analysis (Table 1) shows a decrease in Ni wt.% after modification of 
Ni-DOBDC with EDA. These results might be indicative of the successful incorporation of 
EDA into Ni-DOBDC framework, despite the unavailability of EDX method to provide the 
wt.% of N element (Wolfgong, 2016). 

 
Table 1. Textural properties and composition of Ni-DOBDC and EDA/Ni-DOBDC 

Sample Particle size Wt. %b SBET  
(m2 g–1)c 

Vtotal  
(cm3 g–1)d 

Pore d (nm)e 

Crystallitea Crystalb Ni N 
Ni-DOBDC 0.12 μm 0.75 μm 26 0 257 0.248 3.4; 4.8; 7.2 
EDA/Ni-DOBDC 0.09 μm 0.87 μm 19 0 0 0.248 3.4 

a Determined using Scherrer equation by XRD pattern of 2θ = 6.8° and 11.8°. 
b Determined using SEM-EDX. 
c Determined using BET method. 
d Determined at p/p0 = 0.99. 
e Determined using BJH method. 
 

3.2 Adsorption test 
 

The effect of EDA incorporation into Ni-DOBDC MOF as CO2 capture was studied in 
terms of the CO2 adsorption and reusability. The optimum condition for the adsorption test 
was investigated by altering the adsorption temperature and concentration of CO2. 
Adsorption test was carried out in a chamber connected to a closed container containing 
NaOH solution. 

The CO2 concentration in NaOH solution was then determined via titration method 
following our previous studies (Faisal et al., 2021; Lestari et al., 2018). Eq. 4 described the 
reaction between CO2 and NaOH at the end of the reaction chamber. A 10 mL sample of 
NaOH-CO2 solution was titrated with 1 x 10–5 M HCl solution following the reaction in Eq. 5 
and Eq. 6. Titration to the first equivalence point was noted by a colour change of PP 
indicator to colourless, indicating the neutralisation of the excess NaOH and conversion of 
sodium carbonate to sodium bicarbonate. Titration to the second equivalent point utilised 
methyl orange indicator, which indicated the conversion of sodium bicarbonate into CO2 
and H2O (Eq. 7). The concentration of dissolved CO2 was calculated based on the difference 
in titrant volume between the first and second equivalence points.  
 

CO2 (g) + 2NaOH(l) ⇋ Na2CO3 (aq) + H2O(l)  (Eq. 4) 
 

NaOH(aq) + HCl(aq) ⇋ NaCl + H2O(l)  (Eq. 5) 
 

Na2CO3 (aq) + HCl(aq) ⇋ NaHCO3 (aq) + NaCl(aq)  (Eq. 6) 
 

NaHCO3 (aq) + HCl(aq) → NaCl(aq) + CO2 (g) + H2O9 (l)  (Eq. 7) 
 
3.2.1 Effect of temperature 

 
Fig. 4a presents the CO2 adsorption capacity of Ni-DOBDC at varying temperatures: 25 

°C, 50 °C, and 70 °C. The results indicate that the adsorption capacity of Ni-DOBDC MOF 
increases with rising temperature. This trend could be attributed to the additional external 
energy provided at higher temperatures, which strengthens the interaction between CO₂ 
molecules and the active sites within the Ni-DOBDC MOF. Another potential explanation is 
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that higher temperatures enhance the vibrational motion of CO₂, increasing its polarity and, 
consequently, its interaction with the MOF. Furthermore, the graph also reveals that, across 
all temperatures, the adsorption capacity rises steadily from minute 5 to minute 20, 
followed by a decline at the minute 30. This decrease may occur due to saturation of the 
MOF's adsorption sites, which limits further CO₂ uptake after 30 minutes. Similar to Ni-
DOBDC, the adsorption capacity of EDA/Ni-DOBDC (Fig. 4b) increases with temperature, in 
which the CO2 adsorption capacity increases from minute 5 to minute 20, followed by a 
decline at minute 30 due to the saturation of the MOF adsorption sites.  

A comparison of the adsorption graphs for Ni-DOBDC and EDA/Ni-DOBDC shows that 
EDA/Ni-DOBDC consistently exhibits a higher adsorption capacity at all temperature 
conditions. This improvement might be attributed to the presence of EDA, which interacts 
with CO₂ to form carbamate compounds. In contrast, the adsorption mechanism of Ni-
DOBDC MOF is limited to interactions between CO₂ with the metal and ligand sites of 
pristine Ni-DOBDC. 
 
3.2.2 Effect of CO2 concentration 
 

The effect of CO2 concentration was conducted using 40% and 50% CO2 in N2 mixture 
at the optimum adsorption temperature of 70 °C. At 40% CO2 concentration (Fig. 4c), the 
adsorption capacity of Ni-DOBDC shows a small increase from minute 5 to 20, followed by 
a sharp rise between minutes 20 and 30. These results indicated that during the earlier 
stage (5 – 20 min), the adsorbent only adsorbed a small amount of CO2 with a significant 
increase in CO2 uptake at 30 min adsorption time. While at 50% CO2 concentrations, the 
adsorption capacity of Ni-DOBDC increases until minute 20 and decreases after the 
saturation of the MOF adsorption sites. On the other hand, at 40% and 50% CO2 
concentration, the adsorption capacity of EDA/NI-DOBDC (Fig. 4d) steadily increases until 
minute 30, which might be indicative of the saturation point of the EDA/Ni-DOBDC 
adsorption sites that are not reached yet. 
 
3.2.3 Reusability test 
 

The reusability test was conducted to assess the adsorption capacity percentage of Ni-
DOBDC and EDA/Ni-DOBDC after multiple uses. Reusability tests of both Ni-DOBDC and 
EDA/Ni-DOBDC MOF were carried out at the obtained optimum condition of temperature 
70 °C and CO₂ concentration of 50%. Prior to the test, the samples were treated physically 
with N₂ gas to remove any residual CO₂ remaining on the surface and within the pores. The 
samples were then heated to 100°C to eliminate water vapour and any other compounds. 

Fig. 4e shows the reusability test of Ni-DOBDC MOF over three cycles. By considering 
the adsorption capacity of the first cycle as 100% (6.44 mmol g-1), a decrease in the 
adsorption capacity of 67% and 47% was observed after the second and third cycles, 
respectively. On the other hand, the reusability test of EDA/Ni-DOBDC (Fig. 4f) shows high 
CO2 adsorption capacity to Ni-DOBDC (9.95 mmol g-1) with a decrease to 49% and 28% after 
second and third cycle, respectively. These results indicated that pristine Ni-DOBDC 
possesses better reusability up to three cycles compared to its EDA derivative, which might 
undergo EDA leaching throughout the adsorption process. However, it is also worth noting 
that the physical treatment of used adsorbent with N₂ gas might not be fully effective in 
desorbing CO2 from MOF structure. 

 

https://doi.org/10.61511/eam.v2i2.2024.1435
https://doi.org/10.61511/eam.v2i2.2024.1435


Fahriansyah et al. (2024)    85 

 
EAM. 2024, VOLUME 2, ISSUE 2                                                                                         https://doi.org/10.61511/eam.v2i2.2024.1431 

 
Fig. 4. CO2 adsorption capacity of (a) Ni-DOBDC and (b) EDA/Ni-DOBDC at atmospheric pressure 

with a variation of temperature; CO2 adsorption capacity of (c) Ni-DOBDC and (d) EDA/Ni-DOBDC 
at atmospheric pressure with a variation of CO2 concentration; also Reusability of (e) Ni-DOBDC 

and (f) EDA/Ni-DOBDC with 50% CO2 at 70 °C and atmospheric pressure 
 

4. Conclusions 
 

Ni-DOBDC MOF has been successfully synthesised as confirmed by the characteristic 
peaks of XRD at 2θ = 6.8° and 11.8° and FT-IR results. The incorporation of 10% EDA into 
the MOF framework was also confirmed by no structural changes from XRD patterns. 
However,  an increase in EDA concentration to 15% and 20% is causing a breakdown in the 
Ni-DOBDC framework. The incorporation of EDA into Ni-DOBDC pores was denoted by the 
decrease in surface area after EDA modification. SEM-EDX analysis confirms the flower-like 
rod aggregate morphology of the Ni-DOBDC and EDA/Ni-DOBDC MOFs, as well as the 
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increase of average particle size from 0.75 μm to 0.87 μm after EDA modification. The CO2 
adsoption tests conclude that the addition of EDA enhances the CO2 adsorption capacity of 
Ni-DOBDC. However, the reusability test shows that pristine Ni-DOBDC possesses a better 
reusability than EDA/Ni-DOBDC after three cycles with physical treatment using N2 
between each cycle. 
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