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ABSTRACT

For modern UAVs, the power source is usually a Li-ion polymer battery. Using modern
physicochemical analysis methods such as scanning electron microscopy (SEM), energy-
dispersive X-ray spectroscopy (EDX), X-ray diffraction (XRD), differential thermogravimetry
(TGA), specific surface area (BET) and infrared spectroscopy (FT-IR), we determined the
chemical composition of some of the main materials in Li-ion polymer batteries used for drones.
We used the method of determining the corresponding size, voltage, and internal resistance to
determine some of the main technical indicators of this type of battery. The analysis results show
that the Li-ion polymer battery used for UAV has a cubic shape, dimensions of 281 x72%5.2 mm
(LxWxH), voltage of 3.78 V, internal resistance of 0.456 mQ, positive electrode material is
LiNip.sCo0:Mny.,0: coated on Al foil, negative electrode material is graphite coated on Cu foil,
separator is polyethylene, binder is polyvinylidene fluoride (PVDF), positive electrode side leaf is
Al, negative electrode side leaf'is Cu. The analysis results also show that both negative and positive
electrodes are made of fine, micrometer-sized, uniform powdered materials.
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1. INTRODUCTION

Nowadays, unmanned aerial vehicles (UAVs) are widely used in both civil and military [1, 2].
For civil purposes such as: photography, video recording, transportation, delivery, forest
management, weather forecasting, agricultural applications, rescue; in military purposes such as:
reconnaissance, spying on enemy activities, suicide attacks, security surveillance, information
jamming. The energy sources for UAVs are mainly in four forms: Fossil fuels, fuel cells; solar
energy and chemical energy (battery). Within the scope of the study, the article only focuses on
the type of UAVs that use chemical energy sources, using electric motors to operate [3-5]. The
chemical energy source for this type of UAV requires high specific capacity, light weight, stable
voltage and discharge current, designed to withstand thermal shock, small and compact. And the
power source based on Li-ion or Ni-MH meets these technical requirements [6].

A Li-ion battery is a rechargeable battery in which lithium ions move from the negative
electrode to the positive electrode during discharge and move back to the negative electrode when
the battery is charged. A typical Li-ion battery consists of a positive electrode, a negative electrode,
a separator, and an electrolyte. The positive electrode is made of transition metal oxide compounds
such as: LiMnO,, LiCoO,, LiMn,04, LiFePOs, LiNiO; or their spinel form LiNij.xyCoxMnyOs,
combined with conductive carbon powder, binder and coated on aluminum foil [7-9]. The negative
electrode is usually made of graphite coated on a thick copper foil that stores the Li+ ions in the
crystal [10-12]. A thin porous separator made of polyethylene or polypropylene, 15 pm to 25um
thick, is placed between the positive and negative electrodes [10, 13]. The electrolyte is usually a
Li"-containing salt such as LiPF¢, LiClO4, LiBF4, dissolved in an organic solvent, such as ethylene
carbonate, dimethyl carbonate, and diethyl carbonate, or a mixture of them, and a flame retardant
additive [6, 10].

Journal of Military Science and Technology, 108 (2025), 75-82 75



Chemistry, Biology & Environment

Classifying Li-ion batteries by electrolyte, Li-ion batteries have 3 main types: Liquid electrolyte
(Li-ion), gel or polymer electrolyte (Li-ion polymer, or abbreviated LiPo) and solid electrolyte (Li-
ion solid electrolyte, abbreviated (SSBs- Lithium solid-state batteries). Compared with liquid
electrolytes and solid organic electrolytes, polymer electrolytes have advantages such as better
resistance to volume changes of the electrode during charging and discharging, improved safety,
good flexibility and processability. These batteries provide higher specific energy than other
lithium-ion batteries. Therefore, LiPo batteries are mainly used for remote control (RC) devices,
such as remote control cars, drones/UAVs, remote control aircraft/helicopters, and flying and
photography devices (FPV - First Person View) that connect and transmit to the control device on
the ground [2, 14, 15]. The operating principle of LiPo batteries is shown in figure 1 [16].

Lithium polymer battery

Cathode . Anode - Solvent
Polymer chain e Li* © Plasticizer
Figure 1. The principle of the LiPo battery [16].
The reaction occurs at the electrodes (cathode, anode) and the overall reaction is shown in the
equations below:

Positive electrode (cathode):

LiMO, # Li, MO, +xLi" + xe (1)

M is the transition metals of group VIII, such as Ni, Co, Mn.

Negative electrode (anode):
Charge

CH+xLi' +xe == Li,C )
ischarge
Total reaction:
LiMO, +C e —~—= i C + Li, MO, 3)
ischarge

To contribute to the research and orientation of LiPo battery testing technology, in this paper,
we present the results of chemical composition analysis of the negative electrode, positive
electrode and separator of the battery for UAV, after use.

2. EXPERIMENT AND METHODS

2.1. Experimental method
The prismatic polymer Li-ion battery sample has dimensions of 281x72x5.2 mm (length x
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width x height), a weight of 295 g, determining the electrochemical parameters, showing: voltage
3.78 V, internal resistance 0.456 mQ. Then discharge the battery to 2.0V, and proceed with the
steps to disassemble the battery. Voltage and internal resistance measurements are performed with
an electric meter (Japan), with an error of ImV and an error of 0.01mQ. The sample LiPo battery
was manually disassembled by cutting the outer shell with a mechanical cutter to separate the
positive electrode, negative electrode and separator layer. After disassembly, the materials were
separated, washed with solvent and electrolyte several times in alcohol solution. Then, they were
washed 3 times with distilled water, dried at 80 °C for 12 hours, stored and analyzed. The thickness
of the positive electrode, negative electrode and separator foil was measured to be 30 um, 25 pm
and 25 pum, respectively. For the positive electrode material sample analyzed by ICP-MS method,
prepare as follows: weigh 0.1 g of material, put it in 10 ml of concentrated HNO3, heat it and add
boiling ice, after diluting to 1 liter, proceed with analysis.

2.2. Research methods

The main material in LiPo batteries were analyzed by physicochemical analysis such as SEM-
EDX analysis using S4800-Hitachi (Japan), differential thermal analysis (TGA) on Netzsch
TGA209F1 (with P-type detector; TG-sample aluminum), crystal structure analysis by X-ray
diffraction method on Bruker D5005 (Germany), Fourier transform infrared spectroscopy (FT-IR)
on Nexus 670/Nicolet (USA) and surface area analysis (BET) on TriStar II 3020 (Version 3.02).
Determination of trace Li+ion concentrations using inductively coupled plasma mass spectrometry
(ICP-MS) (ICAPRQ02904, Thermofisher Scientific).

3. RESULT AND DISCUSSION

3.1. Chemical composition analysis of positive electrode material

The positive electrode is a plate-shaped electrode consisting of active material coated on the
electrode foil. To determine the elemental composition of the positive electrode active material,
energy dispersive spectroscopy (SEM-EDX), XRD analysis methods are used and the analysis
results are shown in figure 2.
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Figure 2. Analysis of the positive electrode. (a) SEM image, (b) EDX; (c) XRD, (d) TGA .
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From the SEM image analysis results in figure 2(a), it can be seen that the positive electrode
material has a surface, uniformly distributed particles and a particle size of 1 um. The XRD and
EDX analysis results show that the spinel structure of LiMO,, M consists of Ni, Co and Mn metals,
mixed with conductive carbon. The result is LiNi.xyCoxMnyO-, with Ni as the majority element,
and Co and Mn as additives to improve the mechanical and physical properties of the LiNiO,
material. In the EDX analysis results, the elements C and F are found in the electrode material
containing conductive graphite powder, and F may be contained in the binder (polyvinylidene
fluoride (PVDF)). The element Li does not appear in the EDX spectrum due to the limitations of
the equipment, which cannot detect light elements such as Li. To confirm the presence of Lithium
(Li) element in the active material of the positive electrode, we analyzed the material sample by
inductively coupled plasma mass spectrometry (ICP-MS). The analysis results showed that the
concentration of Li" ions in the positive electrode material was about 98 mg/L.

According to the authors [17], LiNixCoyMn,O, (NCM) layered material has a high specific
capacity and a lower price than LiCoO, material, often used as a positive electrode material to
replace LiCoO,. In this group of materials, there are NCM variants such as: NCMI111
(LiNi1/3C01/3Mn1/302); NCMS523 (LiNio_sCOo_zMno_302); NCM622 (LiNio_6C00_2Mno‘202); NCMS8I11
(LiNisC00.1Mng 10). From the EDX analysis results, we can calculate the molar ratio of Ni, Co,
Mn in the corresponding compound as: 26.7/58: 5.4/59:5.0/55= 0.4564:0.0915:0.0909, by
rounding this ratio to the sum of 1, we get the corresponding ratio as: 0.5743: 0.2084:0.2163,
rounding we get the ratio Ni:Co:Mn as 0.6:0.2:0.2. Comparing these calculation results and the
NCM forms, it can be deduced that the spinel compound used as the positive electrode material is
LiNig.6C00.2Mng 20,. Comparing the EDX analysis results and NCM forms, it can be inferred that
the spinel compound used as a positive electrode material is LiNigsC0o2Mng,0>. XRD analysis
results show the characteristic peaks of the hexagonal structure group (R3m) of the NCM material
group, at the characteristic peaks 19.3°, 38.5°, 44.8°, 58.5° corresponding to the reflection planes
(003), (101), (104), (107). Thermal analysis shows that the positive electrode active substance is
thermally stable above 600 °C. At temperatures of 88.6 °C, the evaporation of the adsorbed
electrolyte component on the electrode occurs (0.2% mass loss), at 292.5 °C, the decomposition of
the PVDF binder occurs (1.46% mass loss), at 567 °C, the complete decomposition of the PVDF
binder occurs (1.27% mass loss). This result is consistent with the analysis results of PVDF binder
published previously by Dr. Carolin Fischer [18].

3.2. Chemical composition analysis of negative electrode material

From the SEM image analysis results in figure 3(a), it can be seen that the negative electrode
material sample has a smooth surface, uniformly distributed particles, and a particle size of 5 um.
The EDX and XRD analysis results show that the active material component of the negative
electrode is mainly carbon (97.5%) and has a structure typical of graphite material. The XRD
analysis results (figure 3(c)) show that the carbon form in the active material of the negative
electrode has a crystal structure equivalent to graphite crystal at the characteristic peaks 26.4°,
42.3°, 44.5°, 54.5° corresponding to the reflection planes (002), (100), (101), (004). In which, the
peak at position 26.4° is formed with a sharp peak, narrow foot, high band intensity, corresponding
to the distance between 2 adjacent layers d(002) = 0.333 nm, characteristic of the graphite crystal
form of carbon.

Thermal analysis shows that the positive electrode active material is thermally stable above
600 °C, in this temperature range, it almost does not decompose or lose mass. The results of the
specific surface area analysis (BET) show that the material has a large specific surface area of
4.541 m?/g. The above analysis results indicate that the negative electrode material of the sample
battery has graphite as the main component, similar to commercial Li-ion polymer batteries [6, 9].
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Figure 3. Analysis of negative electrode: (a) SEM image; (b) EDX; (c) XRD; (d) TGA;, (f) BET.
3.3. Chemical composition analysis of separator materials

From the SEM image analysis results in figure 4(a), it can be seen that the leaf material sample
has a porous surface, evenly distributed, with a pore size of about 0.1 um. The infrared analysis
results (FT-IR) show the characteristics of the polyethylene functional group, compared with the
standard sample, with the following wavelengths: 2920, 2848 corresponding to the C-H bond in
the CH, group, 1462 corresponding to the C-H bond in the CH3 group, and 730 corresponding to
the C=C group. Thermal analysis shows that the insulation material is heat-resistant. At 477.1 °C,
the material decomposes, losing 91% of its mass, corresponding to the decomposition process of
polyethylene. From the results of FT-IR analysis, thermal analysis, and SEM image analysis, it is
shown that the insulation material is polyethylene, with a porous structure [13].
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Figure 4. Analysis of the separator: (a) SEM image; (b) FT-IR; (c) TGA.
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3.4. Chemical composition analysis of positive electrode foil

From the SEM image analysis results in figure 5(a), it can be seen that the positive electrode
foil material has a smooth, even surface. The EDX and XRD analysis results show the
characteristics of the aluminum (Al) element. The EDX analysis only contains Al (93.9%) and the
remaining O (6.1%), proving that the sample contains aluminum, without any other elements, and
the O content in the EDX analysis results is due to the fact that the aluminum foil surface contains
an ultra-thin layer of aluminum oxide (Al,O3) [12]. The XRD diagram (figure 5(c)) shows the
peaks at 26 values of 38.4°; 44.7°; 65.1° and 78.5°, which are equivalent to the peaks of the
standard spectrum of cubic aluminum crystals, space group Fm3m corresponding to the (111),
(200), (220) and (311) planes, respectively.
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Figure 5. Analysis of the positive electrode foil: (a) SEM image; (b) EDX; (c) XRD.
3.5. Chemical composition analysis of negative electrode foil

From the SEM image analysis results in figure 6(a), it can be seen that the negative electrode
rib material sample has a smooth, flat surface. The EDX and XRD analysis results show the
characteristics of pure copper (Cu) element. The EDX analysis only contains copper (98.0%) and
also contains O (2.0%), proving that the sample contains copper, without any other elements, and
the O content in the EDX analysis results is due to the presence of an ultra-thin layer of copper
oxide (such as Cu,O, CuO) on the surface of the copper foil [11]. Based on the XRD results in
figure 6(c), it can be seen that the XRD diffraction peaks of the cathode flank at 26 values of 43°,
50° and 74° coincide with the characteristic peaks of cubic uniform crystals, space group Fm3m
corresponding to the (111), (200) and (220) faces.

4. CONCLUSIONS

The LiPo battery sample was disassembled and analyzed for the main components of the
materials used for the negative electrode, positive electrode, electrode plate and separator. The
analysis results show that the main active material of the cathode is LiNigsC0o.2Mng.0, (NCM622)
and has added conductive carbon additives, PVDF binder mixed uniformly, then coated on
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aluminum foil with a thickness of about 30 um. The negative electrode is mainly composed of
graphite and binder additives mixed homogeneously and coated on a 25 pm-thick copper foil. The
material used as the insulator is polyethylene, porous, with a pore size of about 0.1 pum. The
analysis results are the basis for designing and manufacturing a battery with dimensions and

electrochemical parameters equivalent to the sample battery.
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Figure 6. Analysis of the negative electrode foil: (a) SEM image; (b) EDX; (c) XRD.
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TOM TAT

Nghién ciru, phin tich thanh phin héa hoc cac vét liéu chinh
cuiia pin Li-ion polymer trong by nguon UAV

Véi cae UAV hién dai, nguon dién sir dung thuong la pin Li-ion polymer. Sir dung cdc
phirong phép phdn tich héa Iy hién dai nhw kinh hién vi dién tir quét (SEM), phé tén xa ndng
leong tia X (EDX), phé nhiéu xa tia X (XRD), nhiét vi sai (TGA), dién tich bé mdt riéng
(BET) va phé hong ngoai (FT-IR) chiing t6i di xdc dinh dwoc thanh phan héa hoc ciia mét
$6 vt liéu chinh trong pin Li-ion polymer diing cho UAV. Pong thoi sir dung phwong phdp
xac dinh kich thuce, dién ap, noi tro twong ung dé xac dinh mét sé chi tiéu ky thudt chinh
cia logi pin nay. Két qud phan tich cho thdy, pin Li-ion polymer ding cho UAV c6 dang
hinh ldp phwong, kich thudc 281%72%5,2 mm (DxRxC), dién ap 3,78 V, dién tro noi 0,456
mQ vat liéu dién cuc dwong la LiNi0.6Co00.2Mn0.202 phu trén la Al, vdt liéu dién cuc am
la graphite phii trén 16 Cu, mang ngdn cdch la polyethylene, chat két dinh la polyvinylidene
fluoride (PVDF), la suon dién cuc dm)’ng la Al, ld swon dién cuc am la Cu. Két qua phdn
tich ciing cho thdy ca dién cuc dm va dién cuc dwong déu dwoc lam tir vat liéu dang bét,
min, kich thuwoc micromet, dong déu.

Tir khéa: Li-polymer; Li-ion; Vit liéu dién cuc; Pin, UAV.

82 Nguyen Van Tu, “The study and analysis of chemical main materials ... batteries for UAV.”


https://en.wikipedia.org/wiki/Polyethylene
https://en.wikipedia.org/wiki/Polyethylene

