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LITHIUM ION

BATTERY ANALYSIS
COMPLETE SOLUTIONS

FOR YOUR LAB |

Lithium lon Battery Analysis Solutions PerkinElmer
For the Better




Lithium lon Battery Analysis

Atomic absorption spectroscopy and ICP emission spectroscopic analysis are used for the principal component analysis of
positive and negative electrodes, qualitative determination of additives etc in R & D and quality control process.

Fourier transform infrared spectroscopic analysis is used to perform impurity management, oxidative degradation analysis,
etc. in the constituent materials used for the positive electrode and the negative electrode. For example, it is possible to
evaluate the degradation of the separator surface by imaging.

Gas chromatograph mass (AA) spectrometry is used to analyze composition of electrolyte and others. In addition to
managing the composition of the electrolyte solution, we also grasp the change in composition after charging and
discharging, so that it can be used for deterioration analysis and improvement of safety.

Thermal analysis can evaluate the thermal stability of each material indispensable for battery design. Also, by analyzing the
composition of the constituent materials, it is also possible to grasp the state of deterioration.

Fourier Transform Infrared Analysis (FTIR)

We can qualify organic compound materials,
such as binder and separator, used for positive
and negative electrodes. The far-infrared region
can be used for the qualification of inorganic
oxides which are positive electrode active
materials. Furthermore, with the IR imaging
method, advanced analysis, such as
deterioration analysis of the separator surface,

is possible. Frontier Series Spotlight 400

Atomic Spectroscopy (ICP-OES, AA)

From the main component of the positive electrode
active material to fine components, such as additives
and impurities, it is possible to qualitatively quantify
multiple elements in a short time. In addition, direct
introduction of organic solvents for analysis enable the
checking of the components of positive electrode active
materials that have eluted into the electrolyte.

Avio™ |CP-OES Series PinAAcle™ AA Series



Gas Chromatography Mass

It is possible to determine the composition ratio of
electrolyte. Changes in composition ratio and
decomposition components can be confirmed from
the electrolyte solution after charging and
discharging. This allow us to study the deterioration
of electrolyte. It is also possible to estimate the
behavior inside the battery by measuring the gas
generated within the battery.

Spectrometry (GC/MS)

Clarus™ 680 GC Clarus SQ 8 GC/MS

Thermal Analysis (TGA, DSC) & Hyphenation

TGA 8000™ DSC 8500™

www.perkinelmer.com

PerkinElmer offers a broad range of thermal analysis techniques
for the research, material optimization and quality control of
lithium-ion rechargeable batteries.

For example, Thermogravimetric analysis (TGA) instruments
determine the thermal decomposition profile of the battery
materials under controlled heating. Differential Scanning
Calorimetry (DSC) systems allow the study of the melting
profile of the battery separator. In addition, PerkinElmer’s
hyphenated solutions that couple two or more instruments,
(for example, TG-IR or TG-IR-GC/MS) greatly enhance the
analysis profile and productivity by acquiring information from
a single run.



The Right Solutions

For Any Application
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Figl: Application example of ATR imaging of separator (PE). Evaluation of

oxidation degradation can be easily done.

Application Example: Analysis of the process of cathode
materials "out of control heating"
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Fig3: Thermalgravimetric data of the sample (red is absolute weight loss

curve; blue is derivative weight loss curve)

Example of positive electrode active material
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Fig2: Infrared spectrum of the positive electrode material in the far infrared
region is shown. By using a single reflection ATR accessory using diamond
crystal, inorganic oxide information of positive electrode material can be
obtained. It is possible to investigate the qualitative and deteriorated state of

the cathode material.



Inorganic elemental analysis

From upstream raw materials in the lithium industry to electrode materials in the mid-stream, and the electrolytes use, all
require the quality control of impurities to ensure that the metal impurities and main component are within the production
control range and do not affect the performance of the battery. PerkinElmer complete inorganic elemental analysis solutions
to protect battery quality right from the source.

Instrument: Avio 500

Plasma Condition Element wt%

Power 1300 W Li 7.09 Example of analysis of element contained in positive electrode active
Plasma Gas 10L / min Co 20.1 material using ICP emission spectroscopy analyzer. By measuring with
Makeup Gas 0.2L/ min Ni 19.8 both axial and radial view, it is possible to simultaneously measure the

Nebulizer Gas 0.7L/ min Mn 19.1 main component and minor additives contained in the positive
Mode Axial View Al 0.66 electrode material at the same time in a short time.
B 0.077

Application example 1: Determination of impurities in high purity metal raw materials

Avio Series ICP-OES Application Advantages:

e Avio Series ICP-OES capable of selecting interference-free spectral lines from tens of thousands of spectral lines

e FlatPlatel™ plasma technology with solid-state RF generator can effectively overcome matrix effect

¢ High sensitivity to meet the determination of high purity metals

e Standard sampling system with high salt resistance, hydrofluoric acid resistance, and resistance to strong corrosive samples

Cobalt carbonate Unit: mg/kg

Cobalt metal Unit: mg/kg

Cobalt oxide Unit: mg/kg

Al As Ca Cd Al As Ca Cd Al As Ca Cd
76.44 6.07 4.49 2.9 20.58 13.74 2.36 0.8 1.17 69.91 7.45 58.01
Cr Cu Fe Li Cr Cu Fe Li Cr Cu Fe Li
7.57 3.34 12.41 0.01 0.64 5.29 32.68 <0.5 0.64 1140 6151 <0.5
Mg Mn Na Ni Mg Mn Na Ni Mg Mn Na Ni
1.47 4.93 15.52 1.4 0.24 0.49 30.19 26.1 2.31 2448 10.53 5827
Pb Si Zn Pb Si Zn Pb Si n

<2 <1 0.28 <2 <1 1.49 58.1 30.15 197.4

Lithium carbonate Unit: mg/kg Lithium fluoride Unit: mg/kg

Na K Cu Ni Na K Cu Ni

2.05 0.64 <0.2 <0.2 6.00 1.40 <0.2 <0.2

Mn Zn Al Ca Mn Zn Al Ca
<0.1 0.3 451 1 1.4 0.33 1.74 32

Fe Mg Cr Pb Fe Mg Cr Pb
<0.2 0.13 <0.2 <0.3 21.4 0.62 <0.2 <0.3

Rb Rb
<0.2 <0.2

www.perkinelmer.com



Application example 2: Three elemental material (lithium, iron, phosphate) main component composition and impurities

Avio Series ICP-OES Application Advantages: Lithium Iron Phosphate Unit: %
e Avio series ICP has 106 dynamic range for accurate determination of
h|gh concentration Samp|es 30.01 12.33 17.2 7.584 0.014
e Excellent stability ensures precision and data stability for the Tz m B B

determination of high concentration elements 0.17211<0.001 1 0.052 | 0.005 <0.0005
e High sensitivity to determine the lower level impurity in the sample
¢ Dual view capability to simultaneously fulfill analytical need for high

concentration element as well as low concentration determination of

trace impurities

Analysis of lithium iron phosphate battery materials

| sample | Fe 238.204 | Fe 239.562 ] Fe 259.939 | Average| | sample | Li670.784 | Li 610.362 | Average |

LiFePO, 1 34314 34.349 34.242 34.302 LiFePO, 1 4.295 4.449 4.372

LiFePO,2 34753 34765 3468 34733 LiFePO,2 4331 4441 4386
LiFePO,3 31.115 34086 34007  33.069 LiFePO,3  4.276 4357 4317
| sample | P213.617 | P214.914 | P178.221 | Average|
LiFePO, 1  19.51 19393 18869  19.257

LiFePO,3  19.248 19.738 19.716 19.567

Avio Series ICP-OES Application Advantages:
o PerkinElmer offers a unique organic sample ICP-OES system for direct injection of various electrolytes
e The organic sample introduction systems can also withstand strong corrosion from fluoride ions and lithium salts

DMC Electrolyte: ug/L (ppb)

Mg K Ca  Cr
<2 <5 54 <5
~Mn Fe  Cu Zn
<5 <5 <5 <5
A G Pb NP
322 <5 <10 6
coNa

89

Avio Series ICP-OES Application Advantages:

¢ The high sensitivity of the Avio series ICP-OES ensures a lower detection limit

e PerkinElmer provides a unique pretreatment method for rapid processing of cathode material samples
e Granular nebulizer can be used to analyze samples containing particulate matter

Determination of impurities in graphite
20.97 0.22 <0.5 1.12
Al Mo Fe
1.76 <0.5 3.35



Technology List by

Type of Analysis

Research and Development

Cathode Composition Parts
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Singapore
PerkinElmer Singapore Pte Ltd

2, Tukang Innovation Grove, #04-01,

JTC MedTech Hub, Singapore
618305 Sales and Service Office
Tel : 65 6868 1688

Fax : 65 6872 6595
www.perkinelmer.com.sg

Malaysia

PerkinElmer Sdn. Bhd.

#2.01 Level 2, Wisma Academy,
Lot 4A, Jalan 19/1 46300
Petaling Jaya, Selangor, Malaysia.
Tel : 603-7949 1118

Fax : 603-7949 1119
www.perkinelmer.com.my

Thailand

PerkinElmer Limited

290 Floor 1 Raintree Office Garden
Rama 9 Soi 17 Rama 9 Rd Khwang
Bangkapi, Khet Huay Kwang
Bangkok 10320, Thailand.

Tel : 662-319 7901

Fax : 662-319 7900
www.perkinelmer.co.th

Indonesia
PT Perkindo Mitra Analitika

City Resort Rukun Malibu Blok H31 JL.

Kamal Raya Outer Ring Road
Cengkareng

Jakarta Barat 11700, Indonesia
Tel : +62-21-56945040-43

Fax : +62-21-56945024

Email : Lilian.lim@perkinelmer.com

PT. Maja Bintang

JI. Raya Setu Cipayung No. 32,
RT.5/RW.4, Cilangkap, Cipayung,
Kota Jakarta Timur, Daerah Khusus
Ibukota

Jakarta 13870, Indonesia

Email :
OscarAvrief.Pratama@perkinelmer.com

PT DKSH Indonesia

AIA Central 39th floor,

Jalan Jenderal Sudirman Kav. 48A
Jakarta Selatan 12930, Indonesia
Email : Farisa.Rizki@perkinelmer.com

Vietnam HCM Office

Saigon Instrumentation Joint Stock
Company

27-29-31 Road 9A, Trung Son
Residential Quarter, Bing Chanh

District, Ho ChiMinh City, Vietnam.

Tel : +84-8-5431 8877
Fax : +84-8-5431 8570
Email : Lilian.lim@perkinelmer.com

Vietnam Ha Noi Office

95 Truc Bach Street,

Ba Dinh District, Ha Noi, Vietnam.
Tel : +84-4-37472258

Fax : +84-4-37472260

Email : Lilian.lim@perkinelmer.com

Philippines

PerkinElmer Instruments Philippines Corporation
Unit 409-410 Common Goal Tower Finance cor.
Industry Streets Madrigal Business Park Alabang,
Muntinlupa City

1780

Tel : (+63 2) 822 0511 to 16

Fax No : (+63 2) 822 0517
www.perkinelmer.com.ph
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