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Abstract: Synthesis of LiNiggMno.1Coo.102 (NMC 811) by coprecipitation method is promising
for use. In this study, different precipitation agents were used to comparing the characterization of
each cathode. XRD analysis shows that both samples of NMC 811 have a highly layered hexagonal
structure. By using FTIR analysis, it was indicated that the two cathodes contain C-H, O-H and C-O
groups. Based on SEM analysis, the constituent particles of the cathodes are spherical asymmetrical
with the size of the primary particle less than 1 micron and for the secondary particle more than 1
micron. The electrochemical performance showed that NMC-oxalate has a higher specific capacity
than NMC-hydroxide. Based on this analysis, oxalate gave better results than hydroxide as a

precipitate agent.
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1. Introduction

Battery, an energy storage device in an electrochemical
cell, can directly convert chemical energy into electrical
energy. Until now, they have been widely used in many
electronic devices. When the battery is used, it must be
able to work efficiently, effortlessly, environment-
friendly and high capacity!™. One of the efficient
batteries is a secondary battery such as a Li-ion battery*
7). The reaction that occurs in the secondary battery is
reversible. When the battery is used by connecting the
load to the battery terminals (discharge), electrons flow
from the negative terminal to the positive, resulting in
battery charging®. In comparison to other secondary
batteries, Li-ion batteries have a longer lifespan (500-
2000 cycles), alongside a higher energy density and
capacity'*9),

Indonesia is one of the countries with the largest nickel
in the world. Therefore, Indonesia has the potential to
compete globally in producing nickel-based cathode
materials. The nickel-based cathode materials are NMC

(Lithium Nickel Manganese Cobalt Oxide) and NCA
(Lithium Nickel Cobalt Aluminum Oxide). Of the two
cathodes, NMC has advantages in specific capacity and
stability structure®. Some Ni:Co:Mn compositions in the
NMC cathode are 1:1:1, 5:3:2, 6:2:2 and 8:1:1. This study
uses NMC 8:1:1 because it has a larger capacity'*'?. In
the future, from 2025 and beyond, research is expected to
focus on the generation of battery cathode materials that
can be applied in the automotive industry.

Several methods for processing NMC are sol-gel,
coprecipitation, hydrothermal and solid-state®'3). In this
study, LiNipsMng 1Co.10> (NMC 811) was synthesized
using the coprecipitation method. This method is very
simple and the process involves controlling pH,
temperature  and  stirring  speed.  Nevertheless,
characterization of the NMC 811 cathode depends on the
precipitating agent used'¥. Commonly, oxalate and
hydroxide are precipitating agents that are often used to
synthesize of battery cathodes by the coprecipitation
method'>!>19. The oxalate ion in the solution serves as
both a precipitating and a complexing agent in oxalate
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coprecipitation. The formation of metal complexes
reduces the rate of deposition and allows for more
controlled nucleation and particle growth. Furthermore,
most ternary metals employed in cathode materials, such
as Ni, Co, Mn, and their combinations, generate stable
oxalate dihydrates over the whole mixing ratio range.
Meanwhile, hydroxide coprecipitation can result in
homogeneous mixing of cations and monodispersions
related to particle shape and particle size distribution'”.

NMC 811 was synthesized by coprecipitation method,
using two different precipitating agents: sodium
hydroxide and oxalic acid with the same synthesis
conditions. These two precipitating agents have often
been used and are easy to find commercially. However, so
far, these two precipitants have not been directly
compared for the precursor NMC 811. In this research, the
effects of the different precipitating agents on morphology,
structure and performance analysis of the cathode were
studied to obtain the chemical fundamentals to produce a
cathode with high capacity.

2. Experimental

0.8 moles of NiCl,.6H,O (Zenith, Brazil), 0.1 moles of
CoS04.7H,0 (Rubamin, India) and 0.1 moles of
MnSO4.H,0 (Jiayi Sunway Chem., China) were dissolved
in 1 liter of aquadest. The precipitation agents used are
sodium hydroxide (Asahi, Japan) and oxalic acid
(Yuanping Changyuan, China).

NMC 811 solution was mixed with each precipitating
agent for 2 hours at 60°C and 4 hours of aging. NMC 811
uses sodium hydroxide (NMC-hydroxide) and oxalic acid
(NMC-oxalate) as precipitating agents were synthesized
using the mixture of each precursor and LiOH.H,O
(Leverton) (1:1.05) by calcining at 450°C for 6 hours in
the furnace and sintering at 800°C for 15 hours under
flowing O,. After that, the samples were analyzed using
X-Ray Diffractometer (XRD) EQ-MD-10-LD Mini
Diffractometer, MTI; Fourier Transform Infra-Red (FTIR)
Shimadzu, Japan and Scanning FElectron Microscope
(SEM) JSM-6510LA, JEOL, Japan.

Cathodes were prepared by coating the slurry,
consisting of active materials, acetylene black (AB) (MTI,
USA) and polyvinylidene fluoride (PVDF) (MTI, USA)
binder in N-methyl-2-pyrrolidone (NMP) (MTI, USA)
solvent, onto an aluminum foil, followed by drying in the
oven. After the electrode was completely dried, cells were
assembled by filling 1M LiPF6 electrolyte in the glove
box and tested in the battery analyzer.

3. Results and Discussion

3.1 Crystal structure analysis on XRD

Based on the results of the X-ray diffraction pattern,
qualitative analysis was carried out with phase
identification based on the adjustment of peak data with
existing commercial databases. NMC-oxalate and NMC-
hydroxide were adjusted to the existing commercial NMC

811 database.

As shown in Fig. 1, NMC-oxalate and NMC-hydroxide
have eight peaks identical to commercial NMC 811. There
are four significant peaks in each precipitating agent.
NMC-oxalate at 19.64°, 36.86°, 44.65° and 64.73°, while
NMC-hydroxide at 19.72°, 36.94°, 44.79° and 64.99°. In
the commercial NMC 811 graph, the diffraction peak is
obtained lattice parameters. The first peak shows (003) as
a lattice parameter with 20 of 19.47°. The second peak has
lattice parameters of (101) and 26 of 36.5°. The third peak
has two lattice parameters of (006) / (012) because there
are overlapping peaks at 20 of 38.15°. The fourth peak, the
highest intensity peak, has lattice parameters of (104) and
20 of 44.38°. In the other peaks, each has lattice
parameters of (105), (107), (108) / (110) and (113). While
each of them, has 26 of 48.55°, 58.58°, 64.76° and 68.23°.
Then in Fig. 1, the 20 values of NMC-oxalate and NMC-
hydroxide were not much different from that of
commercial NMC 811. From the XRD results, it can be
concluded that the synthesis of NMC-oxalate and NMC-
hydroxide was successfully carried out without detecting
the secondary phase. NMC-oxalate dan NMC-hydroxide
are totally into the oxide or free from impurities'®!®. From
lattice parameters of NMC 811 commercial, NMC-oxalate
and NMC-hydroxide are synthesized by the
coprecipitation ~ method obtained a  hexagonal
structure!®!?), It is indicated that the stoichiometry phase
exchange of NipsMno.1Coo.1 and Li was fixed from the
target??).

(104)
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2 theta (degree)
Fig. 1: Graph of diffraction peak analysis of: (a) commercial
NMC 811, (b) NMC-oxalate, and (c) NMC-hydroxide

The lattice parameter (c/a) and crystal diameter (nm)
provided in Table 1 were determined based on the
examination of diffraction peaks and lattice parameters
(hkl). According to the result, c/a lattice parameter’s value
was a direct measurement of the ideal cubic close-packed
lattice and was valued at 4.90. This is significant because
a structure with a c/a value greater than the stipulated
value will become more regular and the lithium-ion
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exchange will be easier’!??. Commercial NMC 811 has
c/a of 4.93, while the c/a value of NMC 811 with oxalate
and hydroxide precipitating agent can be seen in Table 1.
It can be concluded that the two samples of NMC 811
synthesized by coprecipitation have a high layered
material structure and easy lithium ion exchange
properties.

Table 1. Lattice parameter (c/a) and crystal diameter of

NMC 811
Sample a(d) c¢c(A) ca D(mm)
NMC-oxalate 2.87 1399 489 177.83
NMC-hydroxide 2.85 1398 490 155.86

3.2 FTIR analysis

Fig. 2 shows the results of FTIR analysis of NMC-
oxalate and NMC-hydroxide, both precursor and cathode
material products. In the NMC-oxalate precursor (Fig. 2a),
there are O-H and C=0 peaks at wave numbers 3406/cm
and 1749/cm. There are C-O groups at wave numbers
1318/cm and 774/cm. Meanwhile, the wavenumber of
448/cm shows the metal-O group. NMC-oxalate precursor
(containing C-O, O-H and metal-O functional groups) was
calcined and sintered into NMC-oxalate product with the
constituent groups being O-H and C-O. NMC-hydroxide
precursor (Fig. 2b) has the similar functional group as
NMC-oxalate. The O-H and C=0O group is found at
3614/cm and 1644/cm, and the C-O group is at 1320/cm
and 1098/cm. A metal-O group was found at a
wavenumber of 497/cm. NMC-hydroxide precursor
(containing C-O, O-H and metal-O) was calcined and
sintered into NMC-hydroxide product (containing C-H,
O-H and C-H). It can be seen that the two products have
the same constituent groups, which are O-H and C-O
groups. These results are in agreement with the data
reported by Nisa, et al.?? and Ubaidullah, et al*¥.

Precusor Precusor b)

W, ./”\1;, e
\C\T/ ‘ fl{ N o \

1
MO~ |

Product
/\\
r

O\-I;.'\/‘ ::l:r‘\_ﬂ/\
\L/ " co \/\,// c-0

4000 3500 3000 2500 2000 1500 1000 500 4000 3500 3000 2500 2000 1500 1000 500

Product

Intensity (a.u)
—C
o
=]
g
Intensity (a.u)

Wavenumbers (1/cm)

Fig. 2: FTIR characterization of (a) NMC-oxalate, (b) NMC-
oxalate and NMC-hydroxide
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3.3 SEM analysis

Fig. 3a shows that SEM analysis of NMC-oxalate
obtained a slightly elongated spherical morphology. The
average size of secondary particles of it is 4.95 um and

primary particles are 0.62 um. Besides that, SEM analysis
of NMC-hydroxide revealed an asymmetric spherical
morphology (Fig. 3b). The average size of the secondary
particles is 3.19 pum and primary particles are 0.73 pm.
The constituent particles of NMC 811 are spherical
asymmetrical with a primary particle size of less than 1
pum and secondary particles of more than 1 um?>). Smaller
particles can reduce Li* ion diffusion distances and
enhance surface contact area between the electrode and

the electrolyte. As a result of the reduced particle size,
increased specific capacity and level performance will be
possible!”. However, smaller particles can facilitate the
formation of a solid electrolyte interface (SEI) as a result

of undesirable electrode/electrolyte interactions, resulting
26)

in self-discharge and inefficient cycling

(b)
Fig. 3: Characterization SEM of (a) NMC-oxalate and (b)
NMC-hydroxide at 10,000x magnification.

3.4 Battery performance analysis

A significant upward curve shown in Fig. 4 indicates
the battery is charging, while a significant downward curve
shows the battery discharge. From this process, the battery
cells capacity can be determined. The capacity of battery
cell is the amount of electrical energy that the battery can
issue at a certain time. The capacity of this battery depends
on the type of active material used and the speed of the
electrochemical reaction when the battery is charged or
discharged. The extent of surface contact between active
materials affects the increase in battery capacity?®”.

Fig. 4 shows the MPV (MidPoint Voltage) and EODV
(End of Discharge Voltage) areas in the battery
performance analysis with charge-discharge testing. MPV
area is the nominal cell voltage at the voltage measured
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when the battery has discharged 50% of the total energy.
While the area of EODV is the cell voltage measured at the
end of the operating period. The cathode of the
coprecipitation method, which has a higher battery
capacity, is NMC-oxalate. This is shown in Fig. 4, where
the specific capacity of NMC-oxalate is 102.42 mAh/g
while NMC-hydroxide has a specific capacity of 79.90
mAh/g. NMC-oxalate has a higher capacity because it has
slightly larger particles and a more regular morphology
than NMC-hydroxide. As previously mentioned, the
smaller particles facilitate the formation of SEI, although
both have similar XRD and FTIR analysis results. Another
study reported a specific capacity of NMC 811 is achieved
up to 231.50 mAh/g vs. Li/Li*%®.

From the charge-discharge test can obtain the value of
efficient coulomb. Coulombic efficiency can be calculated
by the capacity at discharge divided by the capacity at a
charge. The value of coulombic efficiency for NMC
oxalate is 104% and NMC hydroxide is 97%. Coulombic
efficiency describes the ratio between the charge into and
out of the battery in a cycle. A good value of coulombic
efficiency if the value is above 80% and increases when
charging quickly can prove that the battery system is
stable!®??),

4.2 o
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Fig. 4: Battery performance analysis with charge-discharge
testat 0.1 C

4. Conclusion

In this study, NMC 811 was successfully synthesized
using the coprecipitation method with oxalic acid and
sodium hydroxide. NMC-oxalate and NMC-hydroxide
have structural characteristics of layered material with a
hexagonal shape identical to the structure in the R 3m
space group with a good atomic arrangement. NMC-
oxalate and NMC-hydroxide are composed of C-H, O-H
and C-O functional groups. They have micron size but
different morphological characters. The battery capacity of
the NMC oxalate is 102.42 mAh/g and the NMC hydroxide
is 79.90 mAh/g in the charge-discharge battery test using
the battery analyzer.
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