

View

Online


Export
Citation

CrossMark

RESEARCH ARTICLE |  MAY 03 2023

Synthesis and characterization of NMC111 cathode by co-
precipitation method 
Rialdy Fahmi ; Evvy Kartini; Muhammad Fakhrudin

AIP Conference Proceedings 2517, 020009 (2023)
https://doi.org/10.1063/5.0121103

D
ow

nloaded from
 http://pubs.aip.org/aip/acp/article-pdf/doi/10.1063/5.0121103/17305842/020009_1_5.0121103.pdf

https://pubs.aip.org/aip/acp/article/2517/1/020009/2888109/Synthesis-and-characterization-of-NMC111-cathode
https://pubs.aip.org/aip/acp/article/2517/1/020009/2888109/Synthesis-and-characterization-of-NMC111-cathode?pdfCoverIconEvent=cite
https://pubs.aip.org/aip/acp/article/2517/1/020009/2888109/Synthesis-and-characterization-of-NMC111-cathode?pdfCoverIconEvent=crossmark
javascript:;
javascript:;
javascript:;
javascript:;
https://doi.org/10.1063/5.0121103
https://servedbyadbutler.com/redirect.spark?MID=176720&plid=2061396&setID=592934&channelID=0&CID=740896&banID=520944490&PID=0&textadID=0&tc=1&adSize=1640x440&matches=%5B%22inurl%3A%5C%2Facp%22%5D&mt=1683125079331681&spr=1&referrer=http%3A%2F%2Fpubs.aip.org%2Faip%2Facp%2Farticle-pdf%2Fdoi%2F10.1063%2F5.0121103%2F17305842%2F020009_1_5.0121103.pdf&hc=e8eb042e2da5dc3f40b487b0981ec7af16c70b8a&location=


Synthesis and Characterization of NMC111 Cathode by Co-

precipitation Method 

Rialdy Fahmi 1, a) Evvy Kartini 2, 3, b), Muhammad Fakhrudin 3)
 

1 Departement of Physics Faculty of Mathematic and Natural Science, Padjadjaran University, Jl. Raya Bandung 

Sumedang KM.21, Jatinangor, Kabupaten Sumedang, Jawa Barat 45363, Indonesia. 

 2 National Battery Research Institute, 2nd Floor EduCenter Building Unit 22260 BSD, South Tangerang 15314, 

Indonesia. 
3 The Center for Science Technology of Advance Materials – National Nuclear Energy Agency of Indonesia, 

Puspiptek Area, South Tangerang, Banten 15314, Indonesia. 

 

 
a) Corresponding author: rialdy18001@mail.unpad.ac.id 

b) evvy.kartini@n-bri.org 

Abstract. Lithium-Nickel-Manganese-Cobalt-Oxide (LiNixMnyCozO2, x+y+z = 1) — Li-NMC, currently become a 

dominant focus for cathode material development. NMC cathode is an important material and is widely used for the 

development of lithium ion batteries which require specific energy and high energy density also reducing environmental 
impact. In this work, Ni1/3Mn1/3Co1/3C2O4.2H2O precursor has been synthesized by co-precipitating oxalate method with 

different reaction time of 40 and 120 minutes. Those precursors were mixed with appropriate amount Lithium carbonate 

then calcined at 900oC for 12 hours to obtain Li(Ni1/3Mn1/3Co1/3)O2 (NMC111) cathode active materials. The crystal 

structure of Li(Ni1/3Mn1/3Co1/3)O2 was characterized by an X-ray diffraction (XRD) in order to investigate crystallite size 
and crystallite phase. The results show that the crystal phase hexagonal α-NaFeO2 structure that belongs to NMC111 (R-

3m) space group. The structure did not change with the reaction time. However, the crystallite size increased with 

increasing of reaction time, namely 820.30 Å and 986.50 Å, for 40 and 120 minutes, respectively. Keywords: NMC111, 

Synthesis NMC Cathode, Co-Precipitation Method. 

INTRODUCTION 

The use of electricity continues to grow considering that electricity-based technological innovations are growing 

rapidly and are used in almost all sectors. The main component that cannot be separated from the increase in 

electricity demand is energy storage. Technological developments, especially in the field of electrical energy storage 

in the form of batteries. Electronic devices require batteries as a source of propulsion, so batteries have the prospect 

of becoming a strategic and economical source of energy. The most dominant and widely used battery is lithium ion 

(Li-ion) rechargeable battery. A battery is an electronic device that can produce an electric current, involving the 

transfer of electrons through the negative electrode (anode) to the positive electrode (cathode) [1]. From a battery, 

each battery cell can store electrical energy in the form of chemical energy in two electrodes. There are two 

electrodes that act as a reducing agent (anode) and as an oxidant (cathode), in the battery structure the two electrodes 

are separated by an electrolyte that transmits ionic components from chemical processes inside the cell and makes 

the movement of electronic components outside the battery. The output produced during discharge is an external 

electric current I at a voltage V for the duration Δt [2]. 

Li-ion batteries have started to enter the transportation market and are under development in drivetrains of hybrid 

electric vehicles (HEVs), plug-in hybrid electric vehicles (PHEVs), and electric vehicles (EVs). The potential 

market for Li-ion batteries in the automotive sector especially for electric vehicles (EV) has created a strong interest 

in understanding the costs of production and future use of Li-ion batteries and other chemical batteries [3]. Current 
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developments in the electric vehicle battery market largely depend on the resulting range of electric vehicles. A 

battery cell for an EV must produce a specific energy of about 300−400 Wh/kg for a range of 300 miles, which is 

2.5 times more energy than most Li-ion batteries can store today. In order to achieve and meet these targets, 

modifications are made to the cathode material by increasing the material used, such as lithium nickel manganese 

cobalt oxide (LiNixMnyCozO2 with x + y + z = 1, NMC) are being developed [4]. By using Lithium Nickel-

Manganese-Cobalt Oxides (Li-NMC) cathode material in Li-ion batteries, it can produce a battery with the 

characteristics of high thermal stability, high power and high energy density. The NMC cathode material can be 

modified to achieve a wide range of charges so that it can be used in various types of batteries. In batteries with 

NMC cathode materials there are variations in the composition of nickel, manganese, and cobalt which are used to 

influence the characteristics of the battery and each composition is tailored for a particular application. Increasing 

the proportion of nickel in the cathode affects the aspect of increasing the specific energy, while increasing the 

proportion of manganese can increase the specific power [5]. NMC batteries were commercialized for the first time 

in late 2004, but these batteries already dominate in EV and PHEV applications, especially in small electric vehicles 

such as electric bicycles and electric motorcycles because NMC batteries can produce batteries with a compact size 

and has good durability. Currently, most electric car manufacturers use NMC Li-ion batteries as their energy source 

where NMC batteries can produce a specific energy of about 200 Wh/kg. While also used in power tools, medical 

devices, and portable electronics. In the future, there will also be projections of NMC batteries for the use of grid-

connect. [6]. 

One of the most widely used methods to synthesize layered Li-ion battery cathode materials such as NCA and 

NMC is Co-precipitation. The Co-precipitation method requires one to understand well how the mechanism and 

system work and understand several parameters that affect the synthesis results such as reagent molarity, pH, 

reaction temperature, feed rate, and mixing conditions such as speed and duration of mixing. The Co-precipitation 

method is admittedly more complicated than other methods, but this method can produce the best NMC cathode 

material in terms of electrochemical performance characteristics and produce a spherical single-crystal morphology 

of NMC [7]. Co-precipitation itself has several advantages and disadvantages of the method. The advantages of this 

method itself are possible to control the composition and particle size, possible to change the surface state of the 

particles, the resulting products are homogeneous, low temperature, and low energy consumption. Meanwhile, the 

disadvantages of this method are does not apply to neutrally charged species, the reactants must have the same 

precipitation characteristics, spend a lot of time, and the problem is with reproducibility [6]. 

In this work, Ni1/3Co1/3Mn1/3-C2O4 precursors were synthesized from oxalate Co-precipitation method and 

characterization of Li(Ni1/3Co1/3Mn1/3)O2 or Li-NMC111 cathode material for secondary lithium batteries by X-ray 

diffraction (XRD). In this experiment, the value that is varied is the precipitation reaction time (40 and 120 minutes). 

The preparation of oxalate Co-precipitation and several parameters that affect the synthesis results such as reagent 

molarity, pH, reaction temperature, feed rate, and mixing conditions such as speed and duration of mixing [8]. 

METHODOLOGY 

In this research, the materials used for the synthesis of the active material NMC111 were NiSO4.6H2O, 

MnSO4.H2O, CoSO4.7H2O, H2C2O4, NaOH, NH4OH, Li2CO3 and demineralized water. In this research, the 

equipment used were glass beaker, glass stirrer, spatula, measuring pipette, glass measuring cup, watch glass, 

thermometer, pH-meter, universal pH, analytical balance, magnetic stirrer, filter paper, glass funnel, oven, porcelain 

crucible, furnace, mortar, and characterization instruments such as XRD. 

In this research, laboratory standard materials such as NiSO4.6H2O, MnSO4.H2O, CoSO4.7H2O, H2C2O4, NaOH, 

NH4OH, Li2CO3, and deionized water (DI) were used for the synthesis of the co-precipitation method. The first 

process carried out is to weigh each material used, from transition metals to precipitates. In the precursor 

manufacturing process, the transition metal sulphate and oxalate reagents are dissolved separately in deionized water 

(DI), for transition metal solutions are dissolved using 0.20 L of deionized water (DI) and the oxalate solution is 

dissolved using 0.10 L of deionized water (DI). The transition metal solution is then poured all at once into the 

oxalate solution to initiate the co-precipitation reaction. Then, the solution mixture was heated to 60 °C on a hot 

plate using a magnetic stirrer and the temperature was maintained during the reaction at 60 °C. The total volume of 

the mixed solution was about 0.35 L (in a 0.50 L beaker) for all synthesis, and the reagent mass was adjusted 

according to each desired solution concentration and transition metal composition ratio. The co-precipitation 

solution was stirred constantly at 370 rpm with a magnetic stirrer to keep the solution homogeneous during the 

formation of precipitates and to prevent particles from settling in the suspension, and the pH and temperature values 
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of the reacted solutions were observed. After 5 minutes the pH of the solution was measured, then 8 ml of NH4OH 

was added using a measuring pipette until it reached around pH 7. The stirring time was carried out with two 

variations, namely 40 and 120 minutes. After the reaction, the precursor in the form of a slurry was filtered using 

filter paper, and then rinsed with ~1.2 L deionized water (DI) until it reached pH 7. After the precursor was washed 

and then dried in an oven at 120 °C for 2 hours. 

The NMC oxalate precursor is mixed with Li2CO3 with an excess of 2% and the ratio of Li:TM is 1:5. The 

precursors were mixed manually by shaking by hand for 30 minutes. After that, the mixed precursor was put into the 

alumina crucible according to each variation. This mixture is then calcined in a furnace (Muffle furnace 1200) in an 

air atmosphere at a temperature of 550 °C for 5 hours and at a temperature of 900 °C for 12 hours to obtain a 

cathode active material with a cathode composition of Li(Ni1/3Mn1/3Co1/3)O2 (NMC111). The rate of increase of the 

furnace temperature was set at a maximum of 5.25 °C/min, and during the calcination process the temperature of the 

furnace was programmed for the time of rising and falling of temperature to avoid damage to the material structure 

and decomposition of oxalate, respectively. Then, the active cathode material produced was characterized using X-

Ray Diffraction (XRD) to determine the crystal structure and composition formed. 

Materials characterization 

 
FIGURE 1. Final results of Li[Ni1/3Co1/3Mn1/3]O2 cathode active material powder 

RESULTS AND DISCUSSION 

X-ray diffraction (XRD) is a non-destructive analysis technique using monochromatic X-ray diffraction 

intensity, where as a function of incident and angle of exit. XRD can also be used to calculate precise lattice 

parameters, crystal sizes, and preferential orientations. XRD information can be used to study the crystallographic 

structure, chemical composition, and physical properties of materials and thin films. In addition, XRD can also be 

used to calculate precise lattice parameters, crystal size, preferred orientation, and lattice parameters [9]. In this 

research, XRD was used to study the synthesis of NMC active cathode powder which was synthesized using the Co-

precipitation oxalate method. The process of the Co-precipitation method is superior to other methods in terms of 

ease of control [10]. So in the process, one must understand each parameter such as the pH level of the solution, the 

amount of chelating agent, the conditions during the mixing reaction, such as temperature, speed, and reaction time 

in synthesizing homogeneous the spherical Ni1/3Co1/3Mn1/3-C2O4 particles. All these things are done to get good and 
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appropriate final product precursors [7]. The three transition metals (TM) materials are important to be able to be 

deposited simultaneously. In addition, Mn materials are usually easily oxidized even at low temperature conditions 

during the Co-precipitation process. This method is said to be quite simple because there is no need for complicated 

pH adjustments. Materials that are also important in the Co-precipitation process for cathode materials are chelating 

agents. Chelating agents perform the formation of complex materials so as to slow down the precipitation reaction, 

this is what makes this method more controllable. The formation of nucleation was dominated by the growth of 

crystals that had been formed along with the increase in the amount of NH4OH. As a result, the particle size 

increases which can be observed from the results of the XRD characterization that has been carried out [8].  

In this work, the temperature used to mix the TM and the precipitate is 60°C so that each component of the Co-

precipitation process material can have a good and homogeneous reaction, and the value that observed and varied 

were the length of reaction times (40 and 120 minutes) to determine its effect on the final product of the active 

material produced. when observed using XRD. The reaction time is one of the important parameters in the Co-

precipitation process which affects the morphology and, as a result, the electrochemical and physicochemical 

properties of the resulting cathode active material [10]. Several previous studies have shown that the stirring reaction 

time affects the particle properties of the active material produced. The report states that the longer the stirring 

reaction time, the larger and spherical of the resulting particles [11]. Primary NMC particles that may form during 

agglomeration grow larger and fill any porosity in it. Thus, it can increase the particle density so that the resulting 

active material is better. In this experiment, the precursor is filtered, washed, and dried so that there are no 

impurities contained in it which will affect the performance of the final cathode active material. 

The results of previous studies and XRD characterization showed that the most stable surfaces for NMC111 were 

polar (012) and (001), nonpolar surfaces (104), and polar surfaces (110) reconstructed. The intermediate spin Co3+ 

ion can lower the surface energy level (104). To remove oxygen from the surface (104) is more difficult than the 

surface (012), so it depends on the formation of oxygen vacancies on the surface [12]. These results provide an 

overview of the rational control of parameters in the synthesis and become material for future mechanistic studies 

regarding the surface instability of NMCs that can be developed such as the results of XRD characterization that are 

in accordance with theoretical values. At the peak of XRD when the reaction time increases, a sharper peak will be 

formed. In addition, the mixing of cations involving Ni decreased while the hexagonal ordering increased with 

increasing stirring reaction time in the Co-precipitation process [12]. Several components and characteristics of the 

XRD results mentioned earlier will be the basis for determining the success of a Li-NMC synthesis process. It will 

also give an idea about the composition of the active cathode material formed, whether it is in accordance with the 

desired composition. In carrying out data processing and analysis of XRD data obtained, in this study the High 

Score Plus software was used. High Score Plus is used to compare the XRD results obtained with the database 

owned by the application, so that it can determine the quality of the active cathode material. 

020009-4

D
ow

nloaded from
 http://pubs.aip.org/aip/acp/article-pdf/doi/10.1063/5.0121103/17305842/020009_1_5.0121103.pdf



 
FIGURE 2. Powder XRD patterns of Li[Ni1/3Co1/3Mn1/3]O2 with 40 and 120 minutes reaction time 

 

The NMC powder was analyzed by XRD using High Score Plus software and produced XRD peak patterns as 

can be seen in Figure 2. The figure shows that the shift of the distinct peaks indicating the layers return to their 

initial position, and recreation of the pure unit cell parameters. As is well known, the retaliation process can produce 

anti-site mixing as a side effect which adds impedance to the interfacial ion transfer. From XRD analysis, peak 

intensity ratios 003 and 104 could qualitatively evaluate Li+/Ni2+ anti-site mixing (cation mixing), with higher 

I003/I104 ratios indicating less site mixing. An important decrease was observed especially for delithiated NMCs 

after annealing, in accordance with the hypothesis that in the absence of lithium in the layer, nickel cations may 

migrate under the influence of temperature. Samples with a lithium coating that charge showed minimal change in 

ratio. From the XRD results, it can be seen that the pattern of each peak is in accordance with the standard XRD 

pattern. 
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FIGURE 3. Rietveld refinement XRD pattern of Li[Ni1/3Co1/3Mn1/3]O2 with (a) 40 minutes reaction time, (b) 120 minutes 

reaction time. 
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TABLE 1. Powder XRD intensity ratio of NMC111 

 

Mixing Time (Minutes) Intensity Ratio (≥ 1.2 better) 

40 1.558 

120 1.619 

 

From the XRD data obtained and displayed using HighScore Plus software, the Rietveld method was used to 

improve the crystal structure of Li[Ni1/3Co1/3Mn1/3]O2 and obtain the crystalline characteristic parameters formed 

from samples made at temperatures of 550 oC and 900 oC. After the sample was refined, it was found that there was 

a very good match between the observed patterns and the calculated patterns, and it could be seen that there was no 

appearance of the superstructure in the compounds formed. Rietveld refinement measures the crystal lattice 

parameters as a hexagonal arrangement, and the results obtained from all XRD data samples are identical and close 

to each other for each parameter. The results of the crystal lattice parameters obtained from XRD data for each 

reaction time variation are as follows, at a time variation of 40 minutes, the value a = 2.86522 A˚ and c = 14.24857 

A˚ are obtained. As well as the lattice parameter values for the time variation of 120 minutes, the values of a = 

2.86332 A˚ and c = 14.23894 A˚ are obtained. Another parameter that is observed is the comparison value of R 

expected and R profile, in the XRD Li-NMC111 sample, the R expected and R profile values are obtained which are 

close to each other for all variations in reaction time. From the results of Rietveld refinement also obtained the value 

of the crystallite size of each data. In this study, the crystal size was obtained for each time variation, namely 820.30 

Å and 986.50 Å, for each time of 40 minutes and 120 minutes. The values measured in this study are consistent with 

other values reported in the literature of previous studies [8]. 

From the results of XRD characterization, it can be seen that active cathode material formed has no impurities 

such as iron or sodium. To see the quality of the active material made, it can be seen from the intensity ratio. In this 

experiment the distance of the intensity ratio of peak value should obtained a value of more than 1.2 and its close to 

the value of standard products as shown in Table 1. For best results is in time of 120 minutes with higher intensity 

ratio. From the data obtained a directly proportional relationship, namely the XRD peak will become sharper when 

the reaction time increases. However, the crystallite size increased with increasing of reaction time. This research 

can be said to have succeeded in making the active material for the Li-NMC111 cathode using the oxalate co-

precipitation synthesis method if considering the data obtained, from the experiment it can be concluded that the 

oxalate co-precipitation method is an efficient and easy method because it can produce good precursors without 

complicated pH treatment conditions. 

CONCLUSION 

We can conclude that Co-precipitation is one of the best methods for synthesizing layered cathode materials such 

as Li-NMC. As seen in the results of this experiment where the intensity ratio of I(003)/I(104) Bragg peaks shows a 

value of more than 1.20 which is the key factor of the active cathode material, namely 1.558 and 1.619, for 40 and 

120 minutes, respectively. In this experiment, it was shown that variations in the length of stirring time affect the 

size of the crystallites where the longer the stirring time, the larger the crystallite size, namely 820.30 Å and 986.50 

Å, for 40 and 120 minutes, respectively. For the best results obtained at a variation of the stirring time of 120 

minutes. 
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