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Abstract— Metal-organic frameworks with porous characteristics are 

applied in many fields. This study used it as a superior raw material 

source for making transition metal oxides. By calcining the copper 

1,3,5-benzene tricarboxylate framework in ambient air, copper(II) oxide 

was produced. The calcination temperature was investigated in the 

range of 250 to 700 °C. At a calcination temperature of 550 °C, the 

resultant CuO has a homogeneous size and shape within the 1-2 um 

range. CuO’s surface area of 33.16 m2/g is more excellent than several 

other materials and technologies used in CuO manufacture. Utilizing 

CuO generated by the MOF-199 calcination process for enhanced 

oxidation catalysis in treating organic gases and vapors is based on the 

research findings. 

 

I. INTRODUCTION 

Metal-organic framework materials are formed from 

metal ions or clusters and organic ligands, so they are 

diverse in structure, quantity, and type. This combination 

has brought many superior properties to the material, such 

as porosity, flexibility, combination ability, and 

applicability. With unique features, metal-organic 

framework materials have been applied in many fields, 

such as gas production [1-4], environmental treatment [5-

7], energy storage and conversion [8-10], medicine [11-

13], etc. Copper(II) benzene tricarboxylate is a metal-

organic framework material formed from Cu2+ ions with 

1,3,5-benzene tricarboxylate ligands. Cu-BTC has a 

regular octahedral structure and changes size according to 

synthesis conditions. Its’ surface area ranges from 350 

m2/g to 1,800 m2/g [14-17]. Pure and composite materials 

based on Cu-BTC are applied in fields such as CO2 capture 

[16], H2 adsorption [15], waste treatment [18], chemical 

catalysis [14, 19], sensors [20], etc. Cu-BTC is also used 

as a raw material to manufacture CuOx as a catalyst for 

metabolic reactions such as selective reduction reactions 

[21] and electrochemical decomposition [22]. CuOx made 

from Cu-BTC is also used as a NO2 sensor [23], an 

electrochemical sensor [24], and a supercapacitor [25]. 

 

II. EXPERIMENTS 

2.1. Chemical 

1,3,5-Trimesic Acid (≥99%, H3BTC), Copper (II) 

chloride dihydrate (≥99%, CuCl2.2H2O), ethanol (≥98%, 

C2H5OH), Dimethylformamide (≥99%, DMF) were 

purchased from Macklin Co. Ltd.  

2.2. Preparation of MOF-199 and CuO 

In a typical procedure, 1.7 g of CuCl2.2H2O was 

dissolved in 150 ml of water/ethanol/DMF solvent mixture 

(1/1/1 ratio) under ultrasound for 30 min. Next, 2.8 g of 

H3BTC was added to the copper salt solution, and the 

mixture was sonicated for 10 min. The intermittent 

microwave reaction was carried out for 60 minutes (20 

seconds running, 10 seconds off) with a temperature 

control of 60 oC. MOF-199 was collected after 

centrifugation, washing, and drying at 60 oC overnight. 

Microwave-synthesized Cu-BTC is calcined in ambient air 

at a temperature range of 200 - 700 oC. The heating time 

was set to 2 hours with a heating rate of 10 oC/min. 
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2.3. Characterization of materials 

The phase structure of the sample was examined by X-

ray diffraction (XRD PANalytical X′ Pert Powder, 

Netherlands) using Cu Kα radiation. The scanning electron 

microscope characterized the microstructure and 

morphology (SEM HITACHI S-4800). The chemical 

states and compositions of the sample were performed by 

energy-dispersive X-ray spectroscopy with mapping 

(EDX, HITACHI S-4800). The Brunauer–Emmett–Teller 

(BET) specific surface area and porosity of the samples 

were determined by nitrogen adsorption-desorption 

(NOVATouch LX2, QUANTACHROME, USA) at 77 K. 

Thermal gravimetric analysis (TGA/DTG NETZSCH STA 

409 PC/PG, Germani) investigated the sample's 

thermodynamic property. 

 

III. RESULT AND DISCUSSION  

3.1. Characteristics of Cu-BTC 

The morphology and structure of microwave-

synthesized Cu-BTC were characterized by scanning 

electron microscopy imaging. The SEM image (Fig. 1 

a&b) shows that the obtained Cu-BTC has an octahedral 

shape with 20-30 nm dimensions.  

 

 

 

 

 

Fig .1: SEM images of the prepared Cu-BTC (a, b); XRD 

pattern of simulated and prepared Cu-BTC (c); FTIR 

spectrum of H3BTC and Cu-BTC (d); the BET diagram of 

the prepared Cu-BTC (e). 

 

The BET surface area of the material was found to be 

1,059 m2/g. XRD test was performed (Fig 1c), and the 

diffraction pattern of the prepared sample was in good 

agreement with the simulated ones, indicating the 

formation of high-purity Cu-BTC [42]. FTIR was used to 

study the Cu-BTC bond properties further. As shown in 

Fig. 1d, the absorption band at 1721 cm-1 corresponding to 
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protonated ligands disappeared in the spectrum of Cu-

BTC, indicating complete deprotonation of H3BTC after 

the reaction. On the other hand, two characteristic bands at 

1404 cm-1 and 1276 cm-1 assigned to the stretching 

vibrations of carboxylate groups were observed in Cu-

BTC. At 728 cm-1, it is assigned the CH bond of the 

benzene ring, and the Cu-O bond forms between the 

carboxylic groups of H3BTC and Cu(II) [42]. 

 

Fig. 2: The TG/DTG curve of the prepared Cu-BTC. 

 

TG/DTG was used to test the microwave-synthesized 

Cu-BTC framework's thermal stability and thermal 

decomposition limit. As seen in Fig. 2, CuBTC begins to 

lose weight below 250 °C due to the evaporation of guest 

H2O molecules physically adsorbed in the MOF. The 

minimum of the DTG diagram appearing at 99.6 °C is 

assigned to the phase transition point of H2O. After that, a 

stable temperature occurs in the range of 250-350 °C, 

corresponding to two minima on the DTG diagram at 

252.5 °C and 350.7 °C of the organic junction 

transformation in the framework. Next, the TG pattern 

increases sharply as the temperature rises due to the 

thermal decomposition of the BTC ligands in the 

frameworks. After 400 °C, the organic ligand has been 

wholly oxidized, and the resulting product is the remaining 

inorganic part. Thermal analysis results are the basis for 

choosing the calcination temperature for creating pure 

porous CuO. 

3.2. Characteristics of pure porous CuO 

Based on the TG thermal analysis results, the 

calcination temperature was selected from 250 °C to 700 

°C. As shown in Figure 3, the sample calcined at 250 °C 

still retains the diffraction peaks of MOF-199. Diffraction 

peaks of CuO appear in calcined MOF-199 samples at 

calcination temperatures of 300 °C or higher. At different 

calcination temperatures, the peak intensities in the 

samples are different. Among the investigated 

temperatures, the diffraction pattern of the sample calcined 

at 550 °C has the highest peak intensity. The results show 

that CuO produced from MOF-199 at this temperature has 

the best crystallinity.  

 

Fig.3: XRD patterns (a) and BET (b) values of calcined 

MOF-199 samples. 

 

 

  

 

Fig. 4: The SEM of calcined MOF-199 samples. 
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The surface area of the prepared CuO samples was 

determined by N2 isotherm adsorption measurement and is 

shown in Fig. 3b. The BET value showed a slight increase 

when the calcination temperature was increased. Still, it 

decreased suddenly when the calcination temperature rose 

to 700 °C. The hypothesis is that the porous framework 

collapses when the temperature increases and the crystal 

structure of CuO is also poorer. 

 

 

Fig. 5: EDX spectra (a) and mapping images (b) of CuO-

derivated MOF-199 at 550 °C. 

 

The morphology and size of MOF-199 calcined at 

different temperatures are shown in Figure 4. SEM images 

show an evident change in the crystal structure of Cu-BTC 

according to calcination temperature. At 250 °C, the metal-

organic framework structure remained intact. However, 

there were signs of thermal impact on the bond framework, 

leading to the destruction of the crystal surface. Samples 

calcined at 300 oC showed separation of grains from the 

framework but retained the original framework's 

morphology. Some particles have not been effectively 

affected by heat on their structures. When increasing the 

calcination temperature to 350 °C and 400 °C, CuO 

particles begin to form and leave the frame structure. The 

sample calcined at a higher temperature (550 °C) produced 

particles of uniformly small size. According to the 

calculation results, this sample has the highest surface area 

(Fig. 3b) and sharpest crystallinity (Fig. 3a). However, 

when the calcination temperature reaches 700 °C, CuO 

particles tend to agglomerate to create more giant cubes. 

Although the melting temperature of CuO is more than 

1300 °C, CuO formed from the heating process of MOF-

199, which breaks the framework at a temperature lower 

than the melting temperature, can still solidify. This 

phenomenon affects the crystalline properties and other 

characteristics of CuO produced at this temperature. This 

result coincides with published research on the 

recrystallization annealing temperature for CuO [27]. 

The EDX spectrum and mapping image of CuO 

prepared at 550 °C, shown in Figure 5 (a&b), show that 

only two elements in the sample (Cu and O) are uniformly 

distributed. This result demonstrates the purity of CuO 

when made from MOF-199 by calcination in air. The 

atomic ratio in the compound also shows nCu/nO ~ 1/1, 

consistent with the molecular formula of CuO. 

 

IV. CONCLUSION 

Copper(II) oxide was prepared from the copper 1,3,5-

benzene tricarboxylate framework by calcination in 

ambient air. The resulting CuO has uniform size and 

morphology within the 1-2 um range at a calcination 

temperature of 550 °C. The surface area of CuO reaches 

33.16 m2/g, higher than some results of manufacturing 

CuO by methods and other materials. The research results 

are the basis for applying CuO produced by the MOF-199 

calcination method for advanced oxidation catalysis in 

treating organic gases and vapors. 
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