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Advanced Battery Materials Analysis
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Abstract

Secondary batteries are essential devices for achieving a carbon-neutral society, and demand for
them is growing significantly for electric vehicles. Development of next-generation batteries aimed
at increasing battery capacity and improving recyclability is accelerating. Nippon Steel Technology
Co., Ltd. has established a one-stop solution system combining battery material composition and
structural analysis with battery prototyping, battery evaluation, and safety testing.
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Internal structure

X-ray CT
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Components analysis
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Battery performance test

Thermal properties analysis
J

Safety tests (heating
crushing, etc.)
Gas analysis

-Current collector
-Active materials
-Electrolyte
-Separator

-Cell case

[ Supplied/experimental cell ]
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Test flowchart from material evaluation to battery performance analysis
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Evaluation equipment/methods for battery materials

Components Objects Evaluation items Evaluation equipment/methods
Acti terial Chemical i al struct hol XPS, TEM, AES, SEM, XAFS
ctive material emical composition, crystal structure, morphology Raman, TG-DTA, DSC, SPM, ESR
Electrode Conductive additive | Crystal structure XRD, TEM, Raman, SPM
(Anode/Cathode) Binder Chemical species, content FT-IR, GC-MS, XPS, SPM
SEI Chemical . lecular struct hol XPS, AES, HAXPES, SPM,
emical species, molecular structure, morpholo
P TPHOOEY | TOF-SIMS, TEM, SEM, GD-OES
. . . SEM, FT-IR, GC-MS, SPM,
Separator Material Pore morphology/distribution, thermal properties .
mercury porosimeter, TG-DTA, DSC, TMA
Current collector Foils Corrosion resistance, electric conductivity Electrochemical test, XPS, AES, GD-OES
Tab lead Sheet/foil Strength, corrosion resistance, weldability Tensile test, corrosion test, welding test
Solvent . . ..
Electrolyte Chemical species, composition GC-MS, NMR, FT-IR, ICP
Electrolyte
Cell . . . Static/dynamic strength test, crush test,
Case Mechanical strength, corrosion resistance .
Pack corrosion test
Battery/Module Internal structure Physical structure X-ray CT, disassembly
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Physical property evaluation techniques for battery materials
Properties Analysis items Measurement method Measurement range
Laser flush analysis —100~1400°C
Thermal conductivity Thermal gradient method -30~700°C
Hot wire method RT~1300°C
Drop calorimeter for high-temperature 600~1500°C
. . Adiabatic specific heat measurement 100~800°C
Specific heat capacity - - - -
. DSC (differential scanning calorimetry) 100~1400°C
Thermal properties ; : - :
DSC (differential scanning calorimetry) —100~500°C
TG-DTA (-MS)
Thermal analysis (Thermogravimetric-Differential thermal analysis RT~1600°C
(-mass spectroscopy))
. Push-rod dilatometer RT~1700°C
Thermal expansion - — -
High-precision thermal dilatometer —180~500°C
Modulus Resonance method —170~1200°C
Powd i Young’s modulus JIS method RT~1100°C
owder properties
prop Powder size distribution analysis 0.02~1000 gm
. . Powder properties Specific surface area measurement 0.001~500 m?%g
Mechanical properties PETITRT
Porus component Pore size distribution 6 nm~400 ym
Bulk density/true density min 0.1 cc
. . Four-terminal sensing RT~1000°Cvac
Electrical resistance - - - -
. . High resistance with low current test RT~1000°C air
Electrical properties - -
Breakdown voltage Dielectric breakdown test Max 10 kV
AC impedance LCR meter using frequency sweep 20 Hz~2 MHz
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Cathode material analysis

Specimen Unit Ni Mn Co C
Active mass% 30.3 17.1 12.2 0.03
material  atomic ratio | 5.00 3.00 2.00 wEE
Electrode mass% 28.3 15.8 114 4.63
mixture*  atomic ratio | 5.00 3.00 2.00 ok
*Electrode mixture ratio | NMC532:AB:PVdF =93:3:4 (mass%)
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Anode materials analysis

M2 JO0-7Ky7Z (FEm<-90C)
Globe box for LIB prototyping (DP <-90°C)

ppm (mg/kg)
Specimen Li [Na| Al | Ni [Mn| Co | Fe | Cr
Conductive |Standard
. . <0.1{<0.1{<0.1]<0.1]<0.1|{<0.1| 1.9 |<0.1
additive purity
(Acetylene High
- <0.1|<0.1| 0.2 |<0.1]{<0.1|<0.1| 0.4 [<0.1
black) purity
Anode material| Natural |[<0.11 4.9 | 3.5|0.5| 0.5 [<0.1|145| 1.9
(Graphite) | Artificial |<0.1|<0.1|<0.1|<0.1|<0.1|<0.1|<0.1|<0.1
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Dry booth for LIB materials analysis (DP <-60°C)
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Evaluation Items and test methods for battery characteristics

Battery characteristics

Test method

Evaluation items

Electrical capacity

Charge and discharge test

Cell capacity

Electrical efficiency
High-current performance
Temperature dependence

Cycle lifetime

Cycle test and Degraded cell disassembly

Capacity decay
Electrode expansion
Cell expansion

Corrosion resistance

Linear-scan voltammetry potentiostatic test

Reaction voltage
Dissolution amount

L . AC impedance
Erectrical impedance/resistance
. . DCR measurement
(Surface reaction products formation)
X-ray CT

Internal resistance (AC/DC)
Analysis of surface products
Internal structure

| Current collector

(a)SAICAS measurement schematic
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(b) Adhesion strength testing

4 SAICAS (C & 3 EBEMYOEEMETE
SAICAS for battery electrode adhesion test
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Thermal conductivity test method

Test method

Thermal conductivity

Target materials

Wi(m - K)
Carbon (ex. Carbon nano tube)
=
8
- f Semiconductor, metal, alloy
9 (3
T &2 (ex. SiC, Si, Ag, Cu, Au, brass, Fe)
g 3
> = 10 —
§ Nonmetallic, amorphous
é’- v - 1 = (ex. Ceramics, Glass, Concrete)
(0
N o1 Liquid (ex. Water, Oil)
’ Thermal insulation (ex. Cotton, Cork)
- 00 — Gas (ex. Air, Steam, Ammonia)
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Measurement of battery thermal conductivity using the
temperature gradient method
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Magnetic field H (mT)
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Analysis of metallic-Li deposition on degraded LIB anode
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Quantitative calculation result

Li metal
Sample (ng) (ng/mm?)
White 30.08* 1.97*
Gray 5.35 0.28
Green 1.09 0.08

* Quantitative values were underestimated due to the skin effect.
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(a) Ni-coated steel sheet

(b) Aluminum sheet
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Appearances of lithium-ion batteries after thermal runaway
propagation test
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Battery pack compression failure test and real-time gas analysis

N7ze COEIIAKREEBELFHTHLIETYTVIALT
AGHTSAIEITRETH V), EIMIRBEARRE ORI 5% O,
BT —5Thb, 72, ZORERT/NIE 5 0 B
AT THY, REH~ BB LIETRETS S,

3. #

Hek7 7 /0y —CTIEESm T CiEH SN TE i kx 22
NIRRT B~ B, BT, KRR O Fl
RAE DY, B R B4 280 6 FH S A AT 2
L T2, BihEAE=Ebe) A4 7 vk Ex Bis 5
WAL TR ZEE DR L TR Y, A& Ol 2 %
S AR TEL T ANy V) 2= 3 v el T
HZERBIBL TS, N LHBAOFHHNE LI TO
SR E SR L CIHE 20,

il

RN
1) HAKGLT 2 U F o A4 VB )4 7 V. 653 ES 2
B A 2 VS B BRI, I B, (RR) 1B
g, 2025, p.151-162
) HEkr 2 /ay— 57 =L R— . BEMEOILES
MV F 444 FEiMll]. RSM2305, https://www.nstec.

e R

nipponsteel.com/download/technical/files/rsm-2305.pdf
NYH&kT 7/ uy— 7 7=2h)VLKR—b FIABEEF
SAICAS |2 & 2 FEARS %A MERTM - RIBERIX. RSM-2301,

https://www.nstec.nipponsteel.com/download/technical/files/rsm-

H A& # 8 B W #4265 (2025)

— 140 —

2301.pdf

§ HET 7 /0y — Fr AN LA b REEREE
e BV B X ORI AR T o W 5E FBEL. AMM-1902,
https://www.nstec.nipponsteel.com/download/technical/files/amm-
1902.pdf

Sy AT /0y — 1 77 hVLE— b B AE RS
B (ESR) |2& % LIB BMNEIE Li O #5047, RSM2302,
https://www.nstec.nipponsteel.com/download/technical/files/rsm-
2302.pdf

6) FIfHIR 132> @ HARBELRIR. (425), 46-53 (2025)

N HEEFZ /0y — TV LR—b. )FIAAL T B
R EEFEM 2 B SR B 2T AR T
VE A LHI%E. KNM-2501, https://www.nstec.nipponsteel.com/
download/technical/files/knm-2501.pdf

8) wH#Fr 137 HrH ATk, (408), 82-88 (2017)

AKHJEFR  Tatsuo NAGATA

HekT 2o /oy —k)  WigeslResEm
Il ha=7 AMEY ) 2= a v
Wil - L7 bo=s ZAPREHLE
g g

SRR TTEEZRT1-8 T 660-0891


https://www.nstec.nipponsteel.com/download/technical/files/rsm-2305.pdf
https://www.nstec.nipponsteel.com/download/technical/files/rsm-2305.pdf
https://www.nstec.nipponsteel.com/download/technical/files/rsm-2301.pdf
https://www.nstec.nipponsteel.com/download/technical/files/rsm-2301.pdf
https://www.nstec.nipponsteel.com/download/technical/files/amm-1902.pdf
https://www.nstec.nipponsteel.com/download/technical/files/amm-1902.pdf
https://www.nstec.nipponsteel.com/download/technical/files/rsm-2302.pdf
https://www.nstec.nipponsteel.com/download/technical/files/rsm-2302.pdf
https://www.nstec.nipponsteel.com/download/technical/files/knm-2501.pdf
https://www.nstec.nipponsteel.com/download/technical/files/knm-2501.pdf

