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Abstract: CO2 capture is projected as one of the pragmatic approaches to deal with the global 

warming phenomenon. Adsorption-based CO2 capture is considered an economically attractive 

option to reduce CO2 emission. The success of the adsorption-based capture primarily relies on 

adsorbents and thus a variety of adsorbents have been investigated in the literature. We here 

report a high surface area (210.2 m2/g) exfoliated Ni-Al LDH nanoplatelet as a promising 

candidate for CO2 capture at an intermediate temperature of 200 oC applicable to integrated 

gasification combined cycle (IGCC) and sorption enhanced water gas shift (SEWGS) reactions. 
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The materials were well characterized by PXRD, TGA, FTIR, TEM, ICP-OES, and N2 

adsorption surface area, and pore size distribution techniques. A unique nanoflower 

morphology comprising of exfoliated LDH platelets of ca. 5 layer thickness was obtained. The 

CO2 capture capacity (0.66 mmol/g) of the exfoliated Ni-Al LDH nanoplatelet is comparable 

to that of the widely reported Mg-Al LDH-derived mixed oxides and MgO-based adsorbents. 

Provided that Ni-Al and other transition metal LDH materials are known to exhibit superior 

catalytic properties for CO2 methanation, this work could pave the way for development of 

dual-functional materials for CO2 capture and conversion.  

Keywords: Ni-Al LDH, exfoliation, nanosheets, CO2 capture 

1. Introduction:  

Global warming is one of the major challenges and existential threat to life on the planet earth 

[1,2]. The main reason for global warming is anthropogenic CO2 emissions due to the ever 

increasing use of fossil fuels to meet the energy requirements [1]. Owing to the catastrophic 

effects of global warming on the environment and biodiversity, there has been an exigency to 

control exponentially increasing anthropogenic emissions of CO2 to the atmosphere [2]. 

Various short to long term strategies including the fuel switching from polluting fossil fuels to 

carbon neutral bio-fuels, use of renewable energy and clean energy sources, as well as CO2 

capture and conversion have been suggested to reduce the anthropogenic CO2 emissions [3–6]. 

However, given the current technological limitations as well as the supply and demand concern, 

the total severance from fossil fuels is impossible and these fuels will be the major contributors 

to energy basket of the world at least over the next few decades [5,6].  

As of the year 2016 the annual global CO2 emissions by fossil fuel consumption were 

36.2 giga tonnes [7]. Out of this the major contributors towards the emissions are fossil 

fuel based power plants, which contribute to about 44% of the total emissions. In such 
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a scenario, the CO2 capture from these power plants is an effective  way out to deal with 

the menace of rising CO2 levels in the atmosphere [8,9].  

The capture of CO2 from power plants can be mainly classified into post-combustion 

and pre-combustion capture. In post-combustion capture CO2 needs to be selectively 

captured from flue gas comprising 10-15% of CO2 along with N2 (70-75%) and 

relatively minor and trace components of water vapor, O2, NOx and SOx. The total 

pressure of post-combustion flue gas is around 1 atm and temperature may vary from 

50-150 o C [10]. In pre-combustion capture scheme, applicable to energy efficient 

Integrated Gasification Combined Cycle (IGCC), CO2 needs to be captured from a 

mixture of shifted syngas containing 50-55% CO2 along with H2. The total pressure of 

low temperature catalytic shifted syngas varies from 20 to 70 bar at a temperature range 

from 180 to 250 oC [11–14]. Owing to high partial pressure, CO2 capture at this 

temperature from pre-combustion streams is easier and less energy demanding than 

post-combustion capture where the partial pressure of CO2 is low [13,15,16].  

Out of the different methods of capturing CO2 solvent absorption, mainly using amine solvents, 

is a mature technology which has been widely used in chemical industry for decades and could 

be retrofitted easily with the existing fossil fuel power plants. However, this technology has 

considerable energy penalty besides other drawbacks, such as amine degradation, solvent loss, 

and corrosion of equipment [17]. As such adsorption-based CO2 capture on solid sorbents is 

deemed to be an economical alternative technology to amine absorption. In adsorption-based 

capture, the adsorbent material plays a pivotal role in determining the overall effeciency of the 

process. Within the working temperature and pressure range of CO2 capture, the ideal material 

should have high CO2 adsorption capacity and selectivity, low energy penalty for regeneration, 

stable cyclic capacity, and long term stability besides low cost [18]. Considering these qualities 

different adsorbents ranging from activated carbons [19], metal-organic frameworks [20–24], 
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zeolites [25–29], metal oxides [10], mixed metal oxides [30,31] have been reported for CO2 

capture from different sources for applications operating at varied pressure and temperature 

conditions. With specific reference to energy effecient pre-combustion CO2 capture in the 

temperature range of 180 to 500 oC the studied adsorbents are mainly MgO and Mg-Al layered 

double hydroxide (LDH) derived mixed oxide based materials [32–36].  

Layered double hydroxides or hydrotalcites are layered materials consisting of stacked 

positively charged brucite layers interspersed by negatively charged anions and solvent 

molecules [37]. With continous research efforts, these MgO and LDH materials have been 

recently modified to attain a very high capacity of CO2 up to 16.8 mmol/g [38]. However, many 

other LDH materials, particularly the transition metal LDHs, have largely remained unexplored 

in this domain. The transition metal LDHs represent an interesting case for study as some of 

these materials have already been known to be catalytically active towards CO2 conversion in 

catalytic CO2 dry reformation and methanation [39–42]. Thus, efforts on synthesising such 

transition metal LDH materials and their evaluation for CO2 capture performance will possibly 

lead to the development of a new variety of dual-functional materials for adsorption cum 

catalytic conversion of CO2.  

In this work, we studied Ni-Al transition metal based LDH, because the material is already 

known as a highly active catalyst for conversion of CO2 in methane reforming and methanation 

reactions [40,42,43]. Also, our previous work on Mg-Al LDH based adsorbents for CO2 capture 

suggest that LDH adsorbents with higher surface area have higher CO2 adsorption capacity 

[30]. Acetone mediated aqueous miscible organic solvent treatment (AMOST) is one of the 

facile synthesis methods leading to the ultrahigh surface area exfoliated Mg-Al LDH [44]. 

Thus, this synthesis method was for the first time adopted in this work for the preparation of 

Ni-Al LDH. A unique nanoflower morphology formed by thin exfoliated platelets was 

observed. This exfoliated morphology of the material in turn lead to superior CO2 adsorption 
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performance than that of widely reported pristine commercial Mg-Al LDH materials at 200 oC 

under dry conditions. The capacity was  further increased by 28% and 85% by NaNO3 

impregnation and moisture pre-treatment, respectively.  

2. Experimental 

2.1 Materials: Ni(NO3)2·6H2O (>98% Alfa Aesar), Al(NO3)3·9H2O (98% Alfa Aesar) NaOH 

(Sigma Aldrich), Na2CO3 (Alfa Aesar), NaNO3( Duksan, Extra Pure) and Acetone (99.8%, 

DRM Shel1) were used for synthesis of LDHs. Mill-Q water was used wherever water was 

required in synthesis steps. 

2.2 Synthesis: Ni-Al layered double hydroxides (LDH) were synthesized by acetone mediated 

synthesis procedure earlier reported for high surface area Mg-Al hydrotalcites [44]. Briefly, 

37.5 mmol of Ni(NO3)·6H2O and 12.5 mmol Al(NO3)3·9H2O were dissolved in 20 mL of 

deionized water in a capped reagent bottle by magnetic stirring. This solution was then added 

dropwise to 50 mL of 0.5 M Na2CO3 solution in a 250 mL reagent bottle while vigorously 

stirring the solution using a magnetic stirrer. During the mixing of these chemicals, the pH of 

the reaction mixture was kept constant (ca.10) by dropwise addition of 4 M NaOH solution 

whenever the pH fell below 9. After complete addition of metal salt solution, the mixture was 

stirred for 30 minutes. The product was then recovered by centrifugation and washed 

repeatedly till the pH of the washing solution approached 7. Afterwards, the wet LDH were 

washed with 500 mL of acetone, separated by centrifugation, and dispersed in 300 mL of 

acetone with stirring for 12 hours. Finally, the product was recovered by evaporating the 

acetone in rotary evaporator. The solid powder thus obtained was further dried at 80 oC in an 

oven for 12 hours and designated as AM-LDH. For the NaNO3 impregnation, about 500 mg of 

AM-LDH was suspended in 5 mL of methanol containing 11.5 mg of dissolved NaNO3 in a 25 

mL small capped reagent bottle. This weight loading corresponds to 10 mol% nitrate loading 

which has been optimized for the best CO2 adsorption performed MgO based adsorbents [38]. 
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The cap was then removed and the suspension was heated to 50 oC under stirring in a water 

bath till most of methanol evaporated forming a thick paste. The paste was then dried in an 

oven for 12 hours at 80 oC and the product was coded as AM-LDH-NO3. The samples were 

stored in a nitrogen-filled glove box before the further characterization and measurements. 

2.3 Sample Characterization: The synthesized samples were characterized by different 

techniques viz. powder X-ray diffraction (PXRD), thermal gravimetric analysis / derivative 

thermo gravimetric TGA/DTG, N2 sorption surface area and pore size distribution analysis, 

inductively coupled plasma-optical emission spectrometry (ICP-OES), scanning electron 

microscopy (SEM), transmission electron microscopy (TEM), and Fourier transform infrared 

(FTIR). Powder XRD of the samples was carried out using a Malvern Panalytical X’pert3 

powder X-ray diffractometer. The scan range was 5-65 o with a step size of 0.02 o and a scan 

speed of 2 o/minute. The crystallite size was calculated from most intense (003) peak of XRD 

plot using the Scherer formula [45].  

B(2θ) =  
𝐾 𝜆

𝐿 𝐶𝑜𝑠 𝜃
 

where B is full width at half maximum of 003 peak in radians, K is the Scherrer constant for 

which value of 0.94 was taken, λ (0.154 nm) and L is crystallite size in nm.  

N2 sorption at 77 K was carried out using a Micromeritics 3Flex V4.05. Prior to analysis all 

samples were first degassed under vacuum at 200 oC for eight hours using an external degassing 

unit (Micromeritics Vacprep 061). After removing the samples from Vac-prep and cooling 

them to room temperature they were further degassed in situ at 200 oC (1 oC/minute) for another 

4 hours before the measurements. The final degassing temperatures were attained at the rate of 

1 oC/minute in each case. TGA analysis was carried out using a Mettler Toledo TGA/DSC-1 

with 10 mg of sample being placed in an alumina crucible. The sample heating was carried out 

at a rate of 10 oC/min from 25 oC to 900 oC under nitrogen flow at the rate of 40 sccm. For 
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FTIR characterization the samples were thoroughly mixed with KBr in 3 wt % concentration 

finely ground in an agate pestle and mortar and then pellets formed at 4.983E+3 pascal 

pressure. FTIR analysis was carried out in the absorbance mode from 400-4000 cm-1 

wavenumber range using a Shimadzu IRAffinity-1 FTIR spectrometer. ICP-OES analysis was 

carried out using a Varian 725 instrument. About 100 mg of sample was first dissolved in 5 

mL of concentrated nitric acid. The solution volume was then reduced to about 1 mL only by 

boiling off the remaining nitric acid. After boiling the remaining solution was cooled and 

diluted to the volume of 10 mL using deionized water. Finally, this solution was filtered using 

grade 1 Whatman filter paper to remove any suspended impurities. TEM micrographs were 

obtained using a Jeol JEM-2011F TEM. The TEM sample was pretreated by dispersing sample 

in ethanol under sonication for 15 minutes. Afterwards, a drop from the dispersion was dropped 

on an ultrathin carbon coating mounted copper grid (300 mesh). The sample mesh was dried at 

room temperature prior to analysis. 

2.4 CO2 adsorption isotherms: The CO2 adsorption isotherms under dry and moisture pre-

treated conditions were carried out using a Micromeritics 3Flex V 4.05. Around 50-70 mg of 

samples were used for CO2 adsorption measurement. The freshly synthesized samples were 

degassed first in a Micromeritics Vacprep 021 for four hours at 200 oC and then degassed in 

situ at the same temperature for additional four hours. Ramping rate for attaining final 

degassing temperature was 2 oC/min. For evaluating the effect of moisture pre-treatment on 

adsorption the sample was exposed to water vapor for half an hour. The water vapor was 

produced from a water reservoir fitted in 3Flex maintained at room temperature and had an 

absolute pressure of 28 mbar. The samples were then evacuated to 10-2 mbar before CO2 

adsorption isotherms were measured.  

3. Results and Discussion 

https://creativecommons.org/licenses/by-nc-nd/4.0
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3.1 Characterization: Aqueous miscible organic solvent treatment (AMOST) procedures for 

LDH have been reported only for the synthesis of Mg-Al LDH and Zn-Al LDH [46–48]. The 

method can lead to the formation of poorly crystalline delaminated LDH materials which 

remain highly dispersed on drying. While applying this method to the synthesis of Ni-Al LDH, 

it was observed that this method also led to similar structural and morphological features to 

that of the reported Mg-Al LDH and Zn-Al LDH. Powder XRD of the as-synthesized and 

active-phase samples (degassed and evaluated for adsorption at 200 oC) are shown in Figure 1.  

 

Figure 1. Powder XRD (a) Reference Ni-Al LDH JCPDS No: 00-015-0087 (b) AM-LDH (c) 

AM-LDH after degassing at 200 oC (d) commercial NaNO3 sample (e) AM-LDH-NO3 (f) AM-

LDH-NO3 after degassing at 200 oC. Peaks at 29.4 degree are zoomed out in red circle for 

clarity. 

 

 

In the case of pristine Ni-Al LDH (AM-LDH, 1b) samples, the structure well matches with the 

reference material represented by the formula of Ni6Al2(OH)16 (CO3)2·4H2O (JCPDS No: 00-

015-0087). The broad peaks indicate a very low crystallinity attributed to the highly dispersed 

and delaminated structures formed by this method. The crystallite size of this sample calculated 

by Scherrer equation using the most intense 003 plane is around 4 nm only. Since the interlayer 

distance in Ni-Al LDH is only 0.754 nm the crystallite size of 4 nm corresponds to 5 layers 

only which indicates that the synthesized LDH is largely exfoliated comprising only a few 
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layers. Following the impregnation with NaNO3, an additional peak of low intensity (magnified 

in red circle Figure 1) can be observed in addition to the peaks pertaining to the major 

component LDH. Upon calcination to 200 oC, the temperature at which these materials were 

evaluated for CO2 adsorption, both materials retained their LDH structure though there is peak 

shifting in pristine material (AM-LDH) indicative of a decrease in the interlayer spacing 

between 003 planes from 7.54 Å to 6.85 Å. This interlayer contraction can be attributed to 

severe interlayer water loss of LDH materials around this temperature. As no peak shifting was 

observed in NaNO3 impregnated LDH materials, it indicated somehow NaNO3 has a role in 

structure stabilization at 200 oC. This is probably because NaNO3 impregnation restricted the 

loss of interlayer water at 200 oC as indicated by TGA thermograms (Figure 2).  

 

Figure 2. TGA/DTG of the synthesized samples. Experiments carried out under a N2 flow @50 

sccm and a temperature ramp of 10 oC/min. 

 

There are three distinct regions of weight loss as can be observed in TGA/DTG curves of these 

materials. In stage I, the weight loss from room temperature up to 220 oC was mainly attributed 
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to the loss of adsorbed and interlayer water and other volatile solvents [49]. Whereas pure LDH 

(AM-LDH) lost approximately 16% weight at this stage, NaNO3 impregnated LDH lost only 

13% weight indicative of NaNO3 leading to the retention of some interlayer water in stage I 

which may be responsible for the absence of change in the 003 interlayer distance in AM-LDH-

NO3. The sharp and rapid decrease of weight in stage II within the temperature range of 220-

370 oC was mainly attributed to the decomposition of interlayer carbonate and hydroxyl groups 

as CO2 and H2O, leading to the formation of an amorphous mixed oxide phase during this stage 

[49]. In stage II the weight loss of NaNO3 impregnated LDH was more than that of 

unimpregnated sample (19% vs 16%) indicating probably that the earlier retained interlayer 

water in NaNO3 impregnated LDH was also evolved during this stage. Stage III from the 

temperature of 370 oC to about 650 oC proceeded with a minor weight loss mainly due to 

complete conversion of residual hydroxyl groups to oxide. In this stage, the weight loss of 

NaNO3 impregnated LDH (ca. 4%) was more than that of the unimpregnated form (ca. 3%). 

The higher weight loss in AM-LDH-NO3 could be due to the decomposition of impregnated 

NaNO3 to NaNO2 and O2 in this temperature range.  

FT-IR absorbance spectra and the FTIR peak assignments of the as-synthesized samples are 

given in Figure 3. Different peaks observed in the figure can be attributed to hydrogen bonded 

hydroxyl groups, interlayer carbonates, and water as indicated in Figure 3. After nitrate 

impregnation a sharp and intense peak at 1383 cm-1 was observed corresponding to nitrate 

stretching frequency. The peak representing carbonate at 1360 cm-1 merges with this peak and 

appears as a shoulder in Figure 3 as shown in inset. The complete identification and assignment 

of peaks is given in Table 1. 

https://creativecommons.org/licenses/by-nc-nd/4.0


© 2019. This manuscript version is made available under the CC-BY-NC-ND 4.0 

license https://creativecommons.org/licenses/by-nc-nd/4.0/ 

 

Figure 3. FTIR of the as-synthesized samples along with corresponding peak assignments 

based on earlier reports [50,51]. Inset shows that in AM-LDH-NO3 there is one sharp peak at 

1383 cm-1 corresponding to NO3
2- and a broad shoulder peak at 1360 cm-1 corresponding to 

CO3
2-. 

 

Table 1. FTIR Peak assignments of the as-synthesized Ni-Al LDH materials [50,51]. 

Peak Position Peak assignment Brief description 

3485 cm-1 (vb) 𝜈 − 𝑂𝐻 Metal-OH stretching 

vibration broadened by 

hydrogen bonding 

 

1630 cm-1 (w) 𝛿 − 𝐻2𝑂 Deformation (scissoring) 

vibration mode of water 

molecules. 

 

1383 cm-1 (s) 𝜈 − 𝑁𝑂3
2−

 This sharp peak is only 

observed in nitrate 

impregnated sample (AM-

LDH-NO3) 

 

1360 cm-1 (b) 𝜈3 − 𝐶𝑂3
2− Interlayer carbonate 

antisymmetric stretching 

mode 

 

760 cm-1 (b) 𝜈4 − 𝐶𝑂3
2− Bending mode of interlayer 

carbonate 

 

Symbols in parenthesis (vb= very broad, b=broad, w=weak s=strong pertain to intensity of 

peaks) 
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The Ni-Al molar ratio (determined by ICP-OES) of the synthesized LDH material is 2.84 which 

is close to expected ratio of 3 based on the composition taken for synthesis.  

HR-TEM micrographs of the sample AM-LDH are given in Figure 4. As can be observed from 

Figure 4a, the morphology comprises small and thin nanoplatelets arranged in a nanoflower 

pattern. The constituents of this material seem to comprise 2D nanoplatelets or have a thickness 

of only a few layers as seen in the Figure 4b, suggesting highly exfoliated platelets were 

formed.  

 

 

Figure 4. TEM images of Ni-Al LDH. Nanoflower morphology representation is shown in 

light pink color in Figure 4a. Higher resolution TEM image in 4b shows some short-range layer 

stacking in this material, which are enclosed in red circles. 

 

N2 adsorption isotherms at 77 K for these materials are shown in Figure 5. As per the latest 

2015 IUPAC Isotherm classification, the isotherms for both materials can be classified to 

possess H3 hysteresis loop with adsorption branch showing a pseudo-type II isotherm character 

[52,53]. This type of the isotherms, which feature a hysteresis loop and N2 sorption not reaching 

saturation at p/po=0.99, have been observed for non-ridged aggregates of plate-like particles 

where N2 condenses into the slits formed between these platelets [52]. Thus, besides the direct 

evidence from TEM micrographs, the isotherm type also supports that these materials are 

aggregated from platelet-like structures. 
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Figure 5. N2 adsorption and desorption isotherms at 77 K on the synthesized materials. 

 

The specific surface area, pore volume of these adsorbents determined by the N2 adsorption 

isotherm at 77 K are given in Table 2. As can be seen, the AMOST method afforded a Ni-Al 

LDH with a high surface area (210.2 m2/g). In comparison, the conventional synthesis methods 

usually lead to a surface area of less than 100 m2/g for uncalcined Ni-Al LDH samples [54]. 

 

Table 2. Specific surface area and pore size characteristics of the synthesized adsorbents 

calculated from N2 adsorption isotherms at 77 K. 

Sample code 

Specific 

surface 

area* 

(m2/g) 

Micropore 

area# 

(m2/g) 

Mesopore 

area$ 

(m2/g) 

Total 

Pore 

Volume@ 

(cc/g) 

Micropore 

Volume# 

(cc/g) 

Mesopore 

Volume+ 

(cc/g) 

AM-LDH 210.2 5.51 204.6 0.63 0.004 0.626 

AM-LDH-NO3 179.2 3.76 175.4 0.63 0.003 0.627 

Calculations by *=BET, #=t-plot, $=Total area-micropore area, @=single point pore vol at 

p/p0=0.99, +=total pore vol-micropore vol. 

 

 

The surface area decreased after NaNO3 impregnation as anticipated. Moreover, the results 

suggest that surface area is contributed mainly by mesopores. The BJH adsorption pore size 

distribution is shown in Figure 6. The materials possess a wide pore size distribution centered 
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at around 70 Å. Such a wide pore size distribution is expected in aggregates of platelets where 

the spacings between the different platelets are reflected in the pore size distribution profile.  

 

Figure 6. BJH adsorption dV/dW pore size distribution. 

 

 

Figure 7. CO2 isotherms at 200 oC on various synthesized dry and moist materials. 

3.2 CO2 adsorption evaluation: CO2 adsorption isotherms on the different LDH materials are 

shown in Figure 7. The CO2 adsorption capacity of pristine Ni-Al LDH material at 200 oC and 

1.2 bar pressure was around 0.66 mmol/g, which falls in the same range (0.27-0.9 mmol/g) as 

widely reported for Mg-Al LDH materials after calcination at 400 to 500 oC [18,55–60]. The 
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advantage of our materials is that a comparable CO2 capacity can be achieved without the need 

of a higher temperature (400-500 oC) calcination thus leading to less energy penalty. On 

impregnation with NaNO3 the capacity was improved by about 28%. The role of NaNO3 in 

improving the CO2 capacity of MgO has been known to improve capacity by several orders of 

magnitude by the reaction between CO2 and MgO at high temperatures (350 oC) when the 

nitrate salt is in liquid state [38,61]. The liquid state coating of NaNO3 salt dissolves a large 

amount of CO2 which then reacts with MgO at the interface [61]. As we studied the adsorption 

at 200 oC applicable to low temperature shifted syngas, at which the Ni-Al hydrotalcite remains 

stable, we did not observe very high enhancement in CO2 capacity as observed in NaNO3 

impregnated MgO at higher temperatures (> 300 oC).. This is because solid state NaNO3 would 

have interacted less with CO2 at 200 oC and thereby no substantial increase in CO2 capacity 

was observed.  

The moisture treatment before adsorption led to an abrupt increase in the CO2 capacity at very 

low pressure indicating water pre-treatment has a promotional impact on CO2 adsorption. At 

1.2 bar the capacity of the pristine material was improved by almost 85%. The role of water in 

feed was investigated in Mg-Al LDH where water was observed to facilitate the reaction 

between CO2 and MgO by dissolving CO2 for the formation of magnesium bicarbonate and 

carbonate to trap the CO2 [56]. The reaction could be expected to proceed in the same way in 

the moisture treated Ni-Al LDH where water could have facilitated the adsorption of CO2 in 

the form of bicarbonate or carbonate. An in-situ IR study during adsorption in the future will 

be needed to reveal the exact interactions between CO2 and Ni-Al LDH for better 

understanding of adsorption mechanisms. The CO2 capacities (0.66-1.2 mmol/g) of these 

materials are higher than the commercial calcined Mg-Al LDH materials (0.1-0.65 mmol/g) 

reported under similar conditions [58,62,63].  
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Although these materials have a moderate capacity as compared with recently reported molten 

salt MgO adsorbents, this first study suggests these exfoliated adsorbents could be further 

investigated for improvement in CO2 adsorption capacities over a wider temperature range. 

Moreover, the high capacity of molten salt MgO adsorbents is known to fall rapidly over 

multiple cycles and require higher operating temperature (>300 oC) for adequate performance 

and thus add to energy penalty [64]. LDHs are known to maintain stable adsorption capacity 

over multiple cycles of adsorption and regeneration which makes them promising adsorbent 

materials [30]. Also Ni-Al LDH materials were reported to have a superior performance 

towards CO2 dry reformation and methanation [40-43]. Thus these materials could be studied 

as a dual function CO2 capture and utilization materials in future. 

Conclusion 

A novel high surface area exfoliated Ni-Al LDH was synthesized for first time and studied for 

intermediate temperature CO2 adsorption at 200 oC. The material showed a higher CO2 

adsorption capacity than the widely studied benchmark commercial Mg-Al LDH materials. 

The adsorption capacity could be further improved by the NaNO3 impregnation and the 

moisture pre-treatment. As Ni-Al LDH materials have been already studied as one of the best 

materials for catalytic CO2 conversion, our demonstration of these materials as promising CO2 

adsorbent indicates that these materials could be used as a dual-purpose materials for tandem 

carbon capture and utilization. 
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