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Study And Evaluation of The Active Material Used In The
Manufacture Of Lithium-Ion Cell Cathode

Tareq Shlash Al-Abdullah, Dr. Ahmed Abo Hjer, Dr. Mohammed
Wael Al-Khaled

Department of Chemistry, Faculty of Science, Idlib University
Abstract:

This study aims to evaluate the performance of three commonly used
cathode materials in lithtum-ion batteries and to identify the behavior and
effects of these materials: lithium-cobalt oxide (LiC002)-LCO, lithium-
manganese-nickel cobalt oxide (LiNiMnCo002) NMC532 and lithium
iron phosphate LFP (LiFePO4). The electrical and chemical properties of
these materials were evaluated in this research by analyzing the capacity,
energy efficiency and performance stability. The results show that LFP
provides stable and good long-term performance, but the prevailing
voltage is not large, not exceeding 3.3-3.2 V, while LCO records higher
energy with a voltage of 4 V, but its stability may decrease over time,
while NMC532 shows a good balance between capacity and longevity
and high values for the voltage of 4.19 V. The first charge was very stable
for cells manufactured using LCO, and the study concluded that the
NMC532 formulation is a marketable product. The results showed that
LFP provides high stability in long-term performance, while LCO
recorded the highest capacity, while NMC532 shows an ideal balance
between capacity and longevity. It also indicates that the specific capacity
of (LCO) was the highest at 210 mAh/gr, while NMC532 was average at
188 mAh/g, while LiFePO4 showed a specific capacity of about 157
mAh/g with greater stability in repeated cycles.

Keywords:

Lithium-ion batteries, Lithium iron phosphate cathode LFP, Lithium
cobalt oxide LCO, Lithium nickel manganese cobalt oxide NMC, Battery
capacity.
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LFP )5 dsall 038 (1 (a9 cduliiall Goull clalial 2l saaal) dlgall e 220
degud bl 3T NMC532 5LCO
(Julien et al., 2014,p.1) (Wang et al., 2017,p.2)
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Charging Discharging

. e
I
Electrolyte Electrolyte Electrolyte
¢ — ‘— @
® OO _— 5
Cathode Sepergor Anode Cathode Seporgor

psdialll Osal Al Jas Tasa guidass (1) Sl

(Zhang & Chen, 2011, p.4)

Aaiaal) cilyjUad) @ 1638 Al i) el 4l (1) Jgaad

Table 1. comparison of the technical parameters of different batteries

Specification Lead-acid NiCad NiMH Li-ion
Nominal voltage (V/cell) 2 1.2 1.2 3.3-3.7
Specific energy (Wh/kg) 30-50 45-80 60-120 100-250

cycle life (80%DoD) 200-300 1000 300-500 | 1000-2000
Charge time 8-16h 1-2h 2-4h 1-2h
Charge temperature -20 to 50 °C 0to 45 °C 0 to 45 °C
Discharge temperature -20 to 50 °C -20 to 65 °C _20:8 60
Overcharge tolerance High Moderate ‘ Low Low
Cost Low Moderate High
(Ruoyu XU, 2023, p.19)

Jlae (o danly Gk Cia & Gsl agfll) Gl jaind liall 038 Cus
(Sukkurji, 2021,p.14) .2l LSy Algandl by Y]
Cathode 35!
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(Mekonnen et al., 2016,p.4)
Active Materials 4llad 3558 5l galadind 3 3 clS)al

Ol WDa 8 9518 peal Allad Bole Jaiecd ) GlSial (e aal) Sl
, (LMO) sl 2l = i, (LCO) clls€ll 2wl agiid slgaal agill
JSally uiaially cllisSl asl = agid, (LNCA) assiall cllis€ UK, asdul
aalsd lgie U<y (LiFePOy) aaall cilicgd a5l — (LiNIMnCo02) - NMC

Mg il Gan b Led iy 43 Laxials

3558l Sgal Aaliaal) 16390 (e Jard) gy dad) 3 e Adjldar (2) Jgaad)

Table 2. Capacity, working voltage, and energy density of discussed cathode
materials (typical data)

Working Energy density

. Py 1
Material Capacity-Ah kg il Wh.kg !
NCA (LiCoo.s5Al0.1502) 200 3.7 740
LCO (LiCo0) 160 3.9 624
NCM
(LiNio.33Mno.33C00.3302) 160 37 392
LMO (LiMnz0s) 100 4.1 410
LFP (LiFePO4) 160 3.4 544
LFMP
(LiFeo.lsMno.85PO4) 150 4.0/3.4 590

(Korthauer, 2018,p.58)
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Table 3. Volumetric and gravimetric energy density for 4 different types of
Li-ion batteries and the comparison to USABC requirements.

Energy Density LiCoO: LiMn:O:s LiNiO: LiFePO: USABC

Volumetric (WhL™) 305 330 450 220 300
Gravimetric (Whkg™) 180 100 170 130 200
(Wang & Huang, 2011,p.3)

3G Sgal ARV AN £ 1538 o (LAY LNy AR 3 (ha Ayl 1(4) Jgaad)

Table 4. Thermal stability characteristics and other factors in cost and environmental
issues for battery materials.
Characteristic LiNiO: LiFePO4
Exothermic peak temperature(°C) 367 302 348 289
Exothermic heat flow (Wg™) 20 7 33 -6

Environmental pollution toxic Co good heavy metal Ni good
Battery cost expensive | moderate cheap cheap

Storage of traltzgt)ion metal (x10¢ 33 99 7 48000 160000

(Wang & Huang,2011,p.10)

AgHS) Agal ARLRAY £ 1938 (s 2gally Fus sl dacidly (5 slal) JSED 3) cya Ailia 2(5) Jsaad

Table S. Characteristics of commercially used state of the art LIB cathodes
Practically achieved Average

Cathode compound Acronym Nzatsigflls specific capacity potential vs
v (mAh/g) Li/Li* (V)
LiCoO: LCO Layered 140 3.9
Li(N 10.8C0o. 15A10.05)02 NCA Layered 200 3.8
Li(NiyMn,Co1-+—)0: NCM Layered 160* 3.8*
LiMn204 LMO Spinel 120 4.1
LiFePO4 LFP Olivine 160 3.6
Adladl)
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(De & Gamarra, 2019,p.28) (Julien et al., 2014,p.2) (Sukkurji, 2021,p.23)
3558l dgal dalidal) 16350 (gl LRI (2) JSad)
(European Batteries, 2012,p.11)
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il gall adl | laiay) A5y B3l Balal) aud Al B30l Salal) and
properties Source | Abbreviatio | English Material | Arabic Material
n name name
62?;? /e Nanci)graf CCB Carbon Black RPN 53]
SSA?/(;' 18m Té’ﬁeljgey LCO Lithium Cobalt Oxide |  <llsSl sl 45id
SSA Tob New Lithium Iron e e
=10m?/g Energy LFP Phosphate all clisd o0l
5>99.5% Na“‘i’gr"‘f PVDF Polyvinylidene ol L
sl Tob New N-Methyl-2- . .
99.9%, Energy NMP Pyrrolidone- O3l dsamo
TDS=0 e DW Deionized Water lpall g53 ole
85\l Nanograf
i G Graphite Powder Cudlye
99%
Bkl Tob New CMC-N Sodium Carboxy Dol e S5 S
99.7% Energy N Methylcellulose |
e}f.ﬁ).«.aj
clall ggadl | Tob New Styrene-Butadiene i )
55l>99.9%, | Tob New ) e
Eneray CF Copper Foil ol danyd
55@1>99.9%, | Tob New . ) e
Eneray AF Aluminum Foil astiall Aoy
25 i<ldl | Tob New
. Energy Poly Propylene i | .
e PP Separator ok sl Jale
%424 saleadl
35laal) Macklin B
99% EC Ethylene Carbonate ooldY) @l S
0
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il gall ) Slaiay) A5y Rl Balad) andd | Agaal) ARUG Balal au)
propertie Source Abbreviatio English Material Arabic Material
s n name name
gl Kuerhaxue : Lithium . o
fll) &
999, LIPF6 Hexafluorophosphate il liuasd )58 gl
Bolal) Macklin ) . '
999, DEC Diethyl Carbonate Sligo)< M) Al
0
Average | Tob New ‘
Particle Energy NMCs3p | Lithium Nickel Cobalt | 2] Gl S S gl
Size=10p Manganese Oxide Dl
m
SSA: Specific surface area*
Gadl) jlad) 2 Aeniaal) $gaY) :(7) Jsaad
Jaiaal) AS,a Judgall Sead) aud
Abbreviation Model Device Name
Xiamen Tmax Tmaxhocho120 Electronic Digital
Balance
Tob New Energy Tob-Xjb-500 Mixer Machine
TOB NEW ENERGY TOB-VFC-800 Coating Machine
TOB NEW ENERGY TOB-VS-40A Ultrasonic Welding Machine
TOB NEW ENERGY | TOB-CT-4008-5V6A-S1 Battery Tester
TOB NEW ENERGY TOB-SFZ-200 Vacuum Sealer

agilsl) judaad .2

sl (ol LAY e yeSl oY) Lo ddadl) A glSl slsal) G dud)
032805 8y6S3all algall (ga 5S5 lagilS uanil LFP (NMC532 (LCO Jaxiad
L5% WA Canida & ¢ gl e 8:5:87 g duesy PVDF ddahll salally 250
gl s %8+cudle %87 (e AisSe clagl ae Apladl Claglsll a3 (e
1:1 Zwsy SBRy CMCY) e 0sSe Ly %8+Jease

DA Gl Al g <))

uajw\ gw.\bd‘g
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Gsnlem ddne—y 4 PVDF (pashiud s dadll salall dillae yand o
10% Sy
:AEY) il 38y (Aol Bale — dgad O30S — Allad 0le) lals jumad e

daiadl) A sl (8) Jgaad)

. . 3
%odasl %oagu) 00 %Alail) 32kl ) .‘d \
8 5 87% NMC532 1
8 5 87% LFP 2
8 5 87% LCO 3

(2850 5ol S Jlenialy 5anls 20K5) a1 3 Laal vy Allall o3gy @
Sl LAY Jlastials sy ae lpdans GlipSall #3485 3580 juaal o
dila) ae (4283 60) Sl Luilasll s 200 rpm Aavgio ()9 Ay
DUall Lialia Limall ol oy 3 cdalall die Cadall (o dualiall 280
Ao 055 O Juad) Anall (8 Cudally dbiall dlgall Alel) Ll Jads

(%75-65 (e dimall & Loleall Sfsall

TOB-VFC- dalall oDl all Jlasials Gulaall 35, o duaall 5 o
+ ag)Sae 200 dSLaws 800

4Y) iy SBR&ECMC 5 a9ad (1508 cculall (10 5K 2g] jucass o
DS jpant b Aetall lguds ALl clghadl) g3 ) e 10:5:85
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Alladl) 5alall Jpanl BUS Coluus (b Alanional) il ,glil (10) YA

dalies g Jraadl) 4BUS Gy (ko @iy Alanioual) Alladl) Balal) (g Laas
Y87 (oag Alladl) Balal) duiy JSI) Capdag daill (A asiical) bidl) pha
295 ISt Adladl) Balall O399 dsadanad) Jranil) 48US =L :(8) Jyxad)

Boledl 139 Boledl 139 ool BUS | dsluwe | giye | Jgb | Bolliggs | Boldiggs .
U | § A WA | glawdl | oSN | ofSN | Bl | wedn | 6P
gr-3g! gr-o95sd! 2g/cm cm cm Cm | gr-og 2458 :
4.41 5.295358736 | 0.018169013 | 335 5 67 cdle LFP 1
4.4622 | 5.394483092 | 0.01850912 335 5 67 cdle | NMC532 | 2
4.488 | 3.748400004 | 0.012861211 | 335 5 67 e LCO 3
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Step
Step | Step | Time(hh | YOI e I e,
age | Current(mA) voltage
Index | Name :mm:ss. (mA)
msy | V) (V)
1 Cgth v 4.2 80 15
2 End
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(LFP,NMC532,LCO) &3l WAL g8 ey tic 4ldaal) clibal)
SHLERY) Slea ey o0 Bigila
Step . S Voltage | Current LU Cut-off
Index Step Name | Time(hh:mm:ss. V) (mA) voltage ()
ms) (0] j

1 CCCV Chg 4.2 120 20

2 Rest 00:01:00.000

3 CC DChg 120 3.4

4 Rest 00:01:00.000

. Cycle

5 Cycle Start step ID:1 count:15

6 CCCYV Chg 4.2 120 20

7 End

s 120 MA (s Janer dledd) LAY oaid <l sal 1) lglil any 2-2-3
Gaahe W) dadd) 2335 4.2V abiel

. TOB-CT-4008-5V6A-S Sleall Jlaxials cahlaa¥) cusal
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TOB-CT-4008-5V6A-STLiay) jlgal duadly §)sa (16) JS&
Sl Ulas LasY) dulging Alalsie delu 200 (e ST AlaiSs oSl SLEAY) (3)yain)

10 IS Jsn ilagles

.mAh el yuel Aue 33a)s Chg. Cap (i) daws

1
.mMAh ele yud s saalsy DChg. Cap goial) daw .2
. DChg. Energy(Wh),Chg. Energy(Wh) & &l 5 il 48l .3
Chg.-DChg. (%) ol daw ) joiill dae o Zocall Jias Al 4ula) 5:US .4
AV Gleglaall e ,ESs EAf

Results zitiil) .4

(HEN gifa’\ Ol dales il paagy 1(11) Jgaad)

20 o BelaS | L L EE[IS]] Al kel g3 okl g3 .
o.‘:u’b 8y99 4'{&3*" Aol udéa." udéa." -.)_935” Al Al ..PSJ
o mAh/g . EWES]
%d=y259 Wh mAh gr 2g38W
99.94 157 2.6613 692 Cudlye LFP 1
91 188 2.6435 839 Cudlye NMC532 2
97.92 210 3.2258 944 Cudlye LCO 3

EOEN LOAL I i) il 1(12) Jsaad

Cycle Index | Chg. Cap.(Ah)

DChg. Cap.(Ah) Chg. Energy(Wh)

1-NMC532 0.8396 0.0000 2.6435
2-LFP 0.6920 0.0000 2.2531
3-LCO 0.9444 0.0000 3.2258
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Cycle Chg. DChg. Chg.-DChg. Chg. DChg.
Index Cap.(Ah) Cap.(Ah) Eff(%) Energy(Wh) Energy(Wh)

1 0.0122 0.5399 4423.69 0.0512 2.0572

2 0.5481 0.5306 96.79 2.1382 2.0244

3 0.5393 0.5233 97.03 2.1029 1.9967

4 0.5266 0.5130 97.41 2.0531 1.9573

5 0.5255 0.5109 97.22 2.0484 1.9514

6 0.5172 0.5054 97.71 2.0169 1.9299

7 0.5126 0.5004 97.63 1.9994 1.9123

8 0.5071 0.4954 97.69 1.9774 1.8934

9 0.5011 0.4907 97.93 1.9550 1.8752

10 0.4974 0.4864 97.79 1.9406 1.8598

11 0.4927 0.4820 97.82 1.9219 1.8429

12 0.4874 0.4778 98.04 1.9022 1.8268

13 0.4842 0.4741 97.91 1.8899 1.8134

14 0.4799 0.4699 97.92 1.8728 1.7975

15 0.9478 0.4661 49.18 3.7003 1.7828

553l 235 97.6% 8ol Lacssing ool el 3la 509 el Jacigia of Jaadls
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Cycle Chg. DChg. Chg.-DChg. Chg. DChg.

Index Cap.(Ah) Cap.(Ah) Eff(%) Energy(Wh) Energy(Wh)
1 0.0032 0.7984 25205.31 0.0133 2.9633
2 0.8083 0.7890 97.60 3.0703 2.9289
3 0.7976 0.7924 99.34 3.0307 2.9423
aq 0.7993 0.7865 98.39 3.0338 2.9201
5 0.7968 0.7798 97.87 3.0254 2.8970
6 0.8087 0.7597 93.94 3.0709 2.8214
7 0.8231 0.7489 90.99 3.1255 2.7829
8 0.8307 0.7377 88.80 3.1548 2.7401
9 0.8415 0.7246 86.11 3.1963 2.6928
10 0.8432 0.7293 86.49 3.2030 2.7106
11 0.8401 0.7233 86.10 3.1911 2.6884
12 0.8358 0.7216 86.34 3.1771 2.6820
13 0.8342 0.7149 85.70 3.1702 2.6573
14 0.8280 0.7148 86.33 3.1489 2.6572
15 1.7051 0.7093 41.60 6.4871 2.6362
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A Jardiad A LA jlally sgally daad) @i g ibe Jabia (22) JSil
AR ey e gitia iy ki B 15 xe Slig Allad agilS  5ala NMC
Lagils Bale LFP gd Jaaficd 3l LDAL jLally sgally ) clpiss (16)d geal)
Eﬂj Ok Byga 15 A cﬂ.ﬂ\g Alad

Cycle Chg. DChg. Chg.-DChg. Chg. DChg.
Index Cap.(Ah) Cap.(Ah) Eff(26) Energy(Wh) Energy(Wh)
1 0.0777 0.6069 780.75 0.2699 1.9513
2 0.6062 0.6059 99.94 2.0297 1.9471
3 0.6056 0.6058 100.03 2.0258 1.9477
4q 0.6059 0.6043 99.73 2.0300 1.9415
5 0.6040 0.6040 100.00 2.0210 1.9414
6 0.6035 0.6003 99.46 2.0209 1.9286
7 0.6035 0.6034 99.98 2.0195 1.9397
8 0.6031 0.6017 99.78 2.0186 1.9334
9 0.6016 0.6030 100.22 2.0138 1.9388
10 0.6026 0.6014 99.80 2.0162 1.9326
11 0.6011 0.6023 100.20 2.0114 1.9367
12 0.6020 0.6009 99.81 2.0139 1.9313
13 0.6005 0.6013 100.14 2.0099 1.9334
14 0.6011 0.6006 99.91 2.0102 1.9311
15 0.6004 0.5999 99.91 2.0099 1.9282
16 0.5998 0.5995 99.95 2.0060 1.9269
17 0.5988 0.5996 100.12 2.0044 1.9275
18 0.5996 0.5990 99.91 2.0029 1.9262
19 0.5985 0.5981 99.92 2.0049 1.9220
20 0.5983 0.5984 100.02 2.0000 1.9249
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