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INTRODUCTION »

Founded in 2018, Initial Energy Science & Technology Co., Ltd(IEST) is a comprehensive
provider of advanced testing instruments for batteries(LIBs, SIBs, and SSBs).

I[EST is committed to delivering top-tier testing instruments with following testing scope:
P Anode & Cathode Powders: Resistivity & Compaction Density;

P Seperators/Electrolyte: Tortuosity / McMullin Number / lonic Conductivity;

P Anode & Cathode Electrodes: Resistance, Uniformity;

P Cells: In-situ Gassing & Swelling of coin cells, pouch cells, stacked cells, prismatic cells,

cylindrical cells;

P Modules: Cyclers, CV & EIS testing.

IEST places significant emphasis on the R&D of cutting-edge technologies, and our mission
is to enhance our customers' product quality, so as to contribute to the advancement of
new energy technologies, and we have supplied over 2,500 instruments to more than 700

clients worldwide.

CATALOGUE

Material Characterization

Single Particle Force Properties Test System

Powder Resistivity & Compaction Density Measurement System

Solid Electrolyte Measurement System
Battery Slurry Resistance Analyzer

Battery Electrode Resistance Analyzer

In-situ Gassing of Cells

In-Situ Gassing Volume Analyzer
In-situ Multi-channel Storage Gassing Test System

Square & Cylinder Cell Internal Pressure Testing System

In-situ Swelling of Cells

Model Coin-cell Swelling Analyzer

In-Situ Rapid Swelling Screening For Silicon-Based Anode
In-situ Swelling Analyzer for Consumer Cells

In-situ Swelling Analyzer for Power and Energy Storage Cells
Battery Pressure Distribution Film

Cylindrical Cell Swelling Volume Analyzer

Electrochemical Characterization

Electrochemical Property Analyzer

Battery Impedance Tester
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Single Particle Force Properties B3 Productintroduction
Test System

—
¥ Scan QR code
'_ for details
L —

_ 1. Cathode: NMC/LCO/LRMs

} Background: Crushing strength of particles can be used to evaluate the pressure resistance of the material
and guide the rolling process. Materials with higher particle mechanical strength will have better subsequent
cycle stability.

Electrode

-l -

«Particle «Powder +Electrode +Cycle/Rate
Pressure Compaction Compaction +/Lifespan,etc
Resistance Density Density

} Applicable Samples

2. Anode : Silicon-based materials, Hard Carbon, etc.
3. Solid Electrolytes

Press head

n Model Table

Applicable Samples Particle size: 5-50um(anode & cathode particles, solid electrolyte particles) . X
} Equipment Schematic
Test Parameters Force, Displacement

Test Range Displacement Range: 0-75um Basic Functions
e Force Range: 0-100mN optical

. P . Microscope . . .
Microscope magnification: up to 1200 times \ Apply compression to the particle to generate a force-dis-
Test Accuracy 'F°rc_e Accuracy: 10:1 mN placement curve, from which the particle's failure point
Min. Displacement unit: 10nm Pressure can be identified. This process determines the force at
RatalEonecHONIRIEENG ANk e which the particle is crushed or fails

Stress-strain Curve
Particle Image Observation
Automatic Pressure Controll
Fully Automatic Software

Automatic
XY-axis control 2 v

Note: IEST prioritizes continuous product updates, and our specifications are subject to change without prior notice.

Single Particle

S|ngle Pa rt|Cle Force TeSter Single Particle Compression Particle cracked after cyclic compression
(Bottom View) (SEM Image)

—
D ———— OiNgle particle
S-D Curve

Other Features

Functional Modules

Displacement, pressure, software integrated control;
Real-time photography and video recording of particles.

Intelligent
Displacement
Control System
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Main Test Steps

} Sample Preparation: Disperse the powder evenly into the anhydrous ethanol solution, and then add it dropwise

to the glass slide;
} Particle Location: Locate the single particle with the optical microscope;

} Particle Compression: Compress the particle at a constant speed;

} Data Collection: Collect the force-displacement curves during the compression so as to find the failure point.

A Compression displacement

time

A\ Compression force

Particle breaking point

>
Compression displacement

} Particle Compression Property and Powder Compaction

: : - Resistance to external Irreversible
SlCEEIEE force damage
compressive

strength

- Electrode structure

- Particle breakage Electrode/Cell
performance

deformation of

SUCEALEEE S . plastic deformation
compression

-Resistance to inter-par-

ticle interaction forces mance of the cell

03| SPFT

stability & consistency

-lon transport perfor-

Pressure (MPa)

Force(mN)

B3 Application Cases

} 1. Application on Anode Materials —SiC

sample A sample B
60 - 60
45 45
z
£
30 E’ 30
8
15 15
0 0
0 1 2 3 4 5 6 0 1 2 i 3 4 5 6
dispalcement(pum) dispalcement(yum)
Before
Crushing force

4 . 1. Comparison of crushing force distribution: A>B.

36 - . 2. Analysis of stress-displacement curves: Sample A exhibits initial
Za H micro-cracking followed by complete collapse, while sample B expe-
g 18 L riences direct structural collapse and fragmentation.

- o | : 3. Comparison of Disintegration States: After fracturing, all three
. groups disintegrate into fine granular states.
A B

} 2. Application on Anode Materials —Pure Carbon

Powder Compression Deformation Single Particle Crushing Force

50

40 r

o I;rrfeversible Mfaximum
= ° Material eformation Deformation
E ® 27~43mN = Parameter Value
¢ 30 |
g i c1 13.8% 26.0%
%” 20 | 4~15mN
3 $ C2 19.8% 33.5%
Yo10 L °
]
. . . 0
0% 8% 16% 24% 32% 40% C1 c2

Thickness change

Conclusion: The compressive property of particle C1 is stronger. Hence, C1 powder shows a higher compression modu-

lus than that of C2.
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} 3. Application on Anode Materials — SiC Composites

Single Particle Crushing Force

:1" : Material Irreversible Deformation Maximum
1 1 Parameter Deformation Value
= 60 g 1
= . 1 1
£ . I i
g s . 16 oo SC-1 21.3% 25.4%
L ] 1
.g‘ 30 ' . : 4 | ] :
E . . . ! s . ! SC-2 20.8% 26.3%
Ss - rz ® 1
G :
) 1
T e Mo v SC-3 43.3% 45.7%
1 5c1 SC-1 || SC-2  SC-2 j] SC-3  SC-3 || 1 SC-3 5C-3 : H
L(10m)_ (15| {10um)_ (15 | j10um)_ s} § Q08m) G5k 1}
250 ! I [T
——5C-1 &
200

——SC-2
——SC-3

150 F Conclusion: SC-3 particles exhibit weaker compressive strength, leading

100 F to significantly greater maximum and irreversible deformation during

compression compared to the other two samples.

Pressure (MPa)

50

0% 10% 20% 30% 40% 50%
Thickness change

Powder Deformation

. Application on Cathode Materials—NCM811

50

A1l

Force (mN)
Force (mN)

4 6 8 10
displacement (um)

4 6 8 10
displacement (um)

40 .
. Pressure Particle -

37 | range before pressing  After crushing
z
E34 8
o [ ]
531 F .ﬂ
= L J

28

25 :

Al A2

The two NMC materials Al and A2 are sintered from the same precursor, but the sintering process is different. The
particle size D50 is 18 pm.

Conclusion: The compression resistance of A2 is superior to that of A1, and modifying the sintering process can enhance
the material's hardness to a certain extent. Single-particle mechanical property characterization methods offer valuable
insights for optimizing the sintering process of materials.

05| SPFT

} 2. Application on Cathode Materials—NCM811

Farce (mN)

3.0 45
displacement (um)

Force (mN)

Single Particle Testing

30 45 6.0
displacement (um)

75

Crushing Force (mN)

*e

*0 =

B1 B2

Two NMC materials, B1 and B2, are sintered from different precursors, and the particle size D50 is both 9.5 um;

Powder Testing

13
S 36
2
232
w
c
3
Sas
[
i
—e—B1
224t
£ ——B2
S
(v]
2 . . .
0 20 160 240 320

Pressure (MPa)

400

Pressure (MPa)

400

320

240 |

160

80 |

0

0%

10% 20% 30% 40%
Thickness change%

Capacity retention

100%

96%

92%

B84%

BO%

Cell Testing
—a=B1
—a-B2
10th 20th 30th

After assembling into half-cells following the same procedure, cycling at 3.0~4.3V, 0.5C, and 45 °C, sample B2 exhibits

better cycling stability.

Conclusion: The crushing processes of the two types of particles differ, leading to variations in powder compaction den-

sity and charging cycle performance.
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Powder Resistivity& Compaction
Density Measurement System

DEST ’T; ﬁgﬂﬁ PRCD3100

Scan QR code :
for details

PRCD1000 PRCD2000 | PRCD3000 | PRCD1100 PRCD2100 PRCD3100

Stress & Pressure Stress up to 1T& Pressure 70 MPa Stress up to 5T & Pressure 350 MPa
Test Principle 2-probe 4-probe 2-probe & 4-probe 2-probe 4-probe 2-probe & 4-probe
Applicable Cathode Samples Anode Samples Anode & Cathode Cathode Samples Anode Samples Anode & Cathode Samples
Samples Samples
1uQ~20 MQ 1pQ~1200MQ 1pQ~200MQ

Thickness Sensor: Resolution 0.5 um, Accuracy=10 um
Stress Sensor: Resolution 0.1 KG, Accuracy=*0.3% F.S.
Resistance Sensor: Resolution 0.1 uQ, Accuracy=®0.1%F.S.

Sensor
Resolution & Accuracy

Thickness, Compaction Density
Resistance, Resistivity, Conductivity
Stress, Pressure

Temperature & Humidity

Test Parameters

1.Mold/Jig Diameter: 10 mm / 13 mm/16 mm 1.Mold/Jig Diameter: 10 mm / 13 mm/16 mm

T 2. L*W*H: 320*400*800 (mm) 2. L*W*H: 370*575*1140(mm)
Other Specifications
3. Instrument Power: 450W 3. Instrument Power: 2100W
4. Instrument Net Weight: 85KG 4. Instrument Net Weight: 250KG

Multi-pressure Test Mode: Suitable for testing of Compaction Density & Resistance without fixed steppings
Variable Pressure Test Mode: Suitable for testing of Compaction Density & Resistance with fixed steppings
Pressure Relief Test Mode: Suitable for testing of Rebounced Thickness Curve

Steady-state Test Mode: Suitable for testing of Stress-Strain Curve & Elastic Modulus

Test Modes & Functions

Note: IEST prioritizes continuous product updates, and our specifications are subject to change without prior notice.
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3 Instrument Principle

Test methods: Put a certain amount of powder (1~2g) into the mold and vibrate it, put the mold into the instrument box,
set the pressure (<200MPa) and the holding time, and start testing the thickness and resistance changes of the powder

during the compression process.
Test parameters: Stress, pressure, thickness, resistance, resistivity, conductivity & compaction density.

Calculation formula

m
Compaction Density(g/cm®): D = L
[}
Resistance(Ohm): R = Py
Conductivity (S O, = l = L
onductivity (S/m): e =, " ks

Resistivity(Q*cm)-PRCD2100: p = k% (Where k is the compensation coefficient )

Thickness 2 probes 4 probes
Measurement
System \ POV Vb

Resistance |

Powder Compaction
Meassurement r— m — Density & Resistance
ystem

Why Compaction Density instead of Tapped Density?

LCO Powder Conductivity Electrode Conductivity

7E-05 012 2

6E0s [ o} v LCO Powders
E spos | —=samplemodified H 2
5 & 008 . .
S apos | B oo *«  The compaction density of the LCO
2 3E05 | 75MPa| g "0 o O . 3
2 2m0s | s | 3 004 g ‘ electrodes is around 3.8-4.0g/cm
(=] 5
O LB ! @ oot - e after calender.

0.E+00

o

3.2 3‘,4 3.6 3‘,8 4 4‘.2 44 . .
Compaction density[g/cm’] Sample-base Sample-modified
Result analysis:

Result Analysis: Using LCO powder as an example, when the compaction density of the modified powder sample is less than
3.87g/cm? (pressure <75MPa), its conductivity is lower than that of the unmodified powder sample.

However, when the compaction density exceeds 3.87g/cm? (pressure >75MPa), the conductivity of the modified powder begins

to surpass that of the unmodified powder, and the conductivity improves significantly as the compaction increases.

Conclusion: When testing the conductivity of powder, the compaction density should be close to the actual compaction of

the powder in the electrode.

PRCD | 08



3 Application Cases

I (1) Cathode material-LMFP

1413 7

oste: sep2022
Time: 102001

Resisvitity (Q*cm)

ResistivityVs Pressure Compaction Density Vs Pressure

B3

——Bu132 2
e Buaa1 £
— - —eBl131
s —e—B14-132
&
N £ —e-Bl4-141
T 2
e £ B14-142
S 132
1
o so s 150 200 o s0 100 150 20
ressure(MPa) Pressure(MPa)

Conclusion 1: The conductivity of B14-13 is superior to that of B14-14. This is primarily due to its lower porosity, which
enhances particle contact throughout the compression process, resulting in better conductivity.

Conclusion 2: The compaction density shows minimal difference under high-pressure conditions but varies under
low-pressure conditions. This is mainly because samples with a wide particle size distribution have poor flow and
rearrangement characteristics, leading to higher porosity and lower compaction density under low pressure.

I (2) Lithium-rich materials

Model Coin Cell EIS testing

Model Coin Cell Cycle testing

a Re Ret Wo g
Powder sample o3 LRM-1
6.0E-06 CPE E - LRM-2
E °
: ?
E 5.0E-06 " E %0q. 20900, %2g00
A (el ey = PP YT
Y 40606 o] ® oaa = 9 LA L L L PO e
£ ——— g 260 @a %300 -y
é 3006 —e—LRM-1 - — e 90000‘.6“0'
g g S
_g 2.0E-06 —o—LRM-2 & i 5"-:’ 200 g‘o,ﬂ
S 10e06 o - -
© ™ g — 0.2C  0.5C 1c 2C 3c sC 0.2C
0.0E+00 »
0 50 10 150 200 250 B | o s B 5 10 15 20 25 20 35
Pressure(MPa) z@ i Cycle number

W.B. Guo et.al. Adv. Mater. 2021, 33, 2103173

I (3) Silicon-based materials

Resistivity Vs Pressure

Compaction Density Vs Pressure

Analysis of the lithium-rich material with
different modification methods.

The resistivity of the lithium-rich material
can be reduced effectively by adjusting its
surface structure.

Resistivity Vs Pressure (Compaction Density Vs Pressure

Compaction Density(g/cm®
& &

Resistivity{*cm)
g

Resistivity(Q*cm)

si01

—s—si02 it

——si03

——sioa

Compactian Density(g/cm*)

0 150 20
Prossure(Mpa)

Frossura(Mpa)

Test Condition: Si content: 3%, 6% and 10%(SiC-1/

SiC-2/ SiC-3)

Conclusion
Resistivity: SiC-1< SiC-2< SiC-3

Compaction density: SiC-1> SiC-2> SiC-3

09 | PRCD

Y 1™ 150 0 ’ N

100
Prassure(Mpa) Pressure(Vpa)

Test Condition: Sintering temperature of SiO
Materials: SiO-1< Si0-2<Si0-3<Si0-4

Conclusion
Resistivity: SiC-1> SiO-2> SiO-3> Si0O-4
Compaction density: SiC-1> SiO-2> SiO-3> Si0-4

I (4) Anode & cathode materials for sodium ion battery
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Conductivity evaluation of anode & cathode powders for sodium ion batteries : Effectively evaluate the conductivity and
compaction properties of Prussian blue and hard carbon under different modification conditions.

I (5) Compression properties of carbon materials

(a) Powder thickness (b) Rebounced thickness
35 Graphitet 250 350.0 E— (S (c) D G 20 (d) 002 100
—+—Graphite-2 - Graphte Kr
—s=—Hard Carbon-1 3000 |- ——Graphite-2 {_
28 —#—Hard Carbon 2 200 g —aHard Carbon 1 ﬁ/\ | »
= ——Pressure _ <2500 = Hard Carbon 2 -} Hard carbon 3 Hard carb
£ 21 150 § ] Hard carbon g H adcaten
7 g g == =z z
H 3 2 1500 = 2 Soft carbon 2 Soft carbon
£ 14 100 & s = ¢ £
£ 2 g 1000 Soft carbon -
07 50 5 so0 e e — craphite )\ Graphite
5 00 o T T T T T T T T
00 0 2 w " o 10 w0 iCranhite. 500 1000 1500 2000 2500 3000 10 20 30 40 50 60 70 80
it (e
0 100 200 300 400 500 600 P! Raman Shift (cm) 20 (Degrees)
. Pressure(MPa)
Time(s)
(c) Time Vs Pressure (d Stress-Strain
2500
—e—Pressure mphasl
172 2000 | e Reversible Irreversible Max
rd ! —s—Hard Carbon 1 Nﬂ...e 5 i -
2 g Hard Carban:2 Deformation Deformation |Deformation
=129 £ 1500
-3 £
s H Graphite—l % 43% 45%
L 86 S 100.0 -
2 Graphite—2 B% 3E% 42%
8
£ 43 500 Hard Carbon-1 % 24% 32%
e Hard Carbon—2 10% 23% 13%
00 4
o
0 100 200 300 0% 0% 20%  30%  40%  50%
Time (s) Strain

Conclusion: the conductivity of graphite is greater than that of hard carbon, so is its powder compressibility.

B3 TestingMold

>

Mold for testing

Automatic demolding instrument

Mold Parameters

Mold Material
Diameter
Test Pressure

Service Life

Stainless Steel, Ceramic, PEEK
10mm/13mm/16mm
Up to 550MPa

12000 Times

Note: IEST prioritizes continuous product updates, and our
specifications are subject to change without prior notice.

PRCD | 10



Solid Electrolyte
Measurement Systen

IEST AR i sevs100

Scan QR code
for details

I3 Creative Solutions

This instrument is suitable for testing of various types of s
A
y

y

e

IEST JTAER i sevs 1100

)

TEST igryss

SEMS1000 SEMS1100

) Application Cases

I (1) Formation of green pellet

The equipment can be used to prepare the green pellet
for solid-state batteries.

I (2) Electronic conductivity
& compaction density

The electronic conductivity of the solid electrolyte under
varying pressures can be measured using an external
electrochemical impedance spectroscopy (EIS) module.

(3) Electrochemical
stabilization window

Using the cyclic voltammetry (CV) module, the electro-
chemical stability window of solid electrolytes can be
analyzed under different pressure conditions.

1.

12 Li/Solid electrolyte/SS

Current(pA/em®)

REDOX potential analysis

oo os o s 20 25 a0
Potential (V vs Li/Li")

(4) Solid-state battery
cycling performance

The charge-discharge (CD) module allows for the analysis
of the cycling performance of solid lithium metal batteries
under varying pressures and different electrochemical

parameters.

LIPSCI Solid Electrolyte

501 S/Solid electrolyte/Li
28
1 <
7 gu
S S
E ¢
< o] 20
% 2
£ ]
S ] §m
s
] T
0] 120MPa
el il
T2 3 4 5 6 7 8 9 10 0 S0 100 150 200 250 300 350 400 450
Time (h) Capacity (mAh/g)

Stability of Li/SE/Li interface

under different pressures All-solid lithium metal battery

Traditional press

instrument '

Edge falling Fragmentation

25°C

3

Electronic conductivity (x10 7 S/em)
T
Tap density (g/cm’)

16

N S S S S S 7 S S S S S S S
o 20 40 60 80 100 120 140 160 180 200 220 o 20 40 60 80 100 120 140 160 180 200 220
Pressure (MPa) Pressure (MPa)

I (5) lonic conductivity

Testing range: 10MHz~0.1Hz Voltage disturbance: 10mV
The electrochemical impedance spectroscopy (EIS) module
automatically measures the ionic conductivity of solid
electrolytes under varying pressures.

lon conductivity under

Impedance Spectroscopy different pressure

700 | ——9MPa T
——11MPa b}
@0 | ——12MPa 2T
——14MPa =
S0 | ——16 MPa X
——18MPa Z
g awr | ——21MPa =
= ——25MPa £ a0
N b | ——28MPa 2.,
! ——32MPa g % .
w0 | ——36MPa S LATP-Low density
g
100 - j 27
AuwSolid-Electrolyte/Au [ D T A A Y D S S A
o PR TTRr— 76 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38

o0 0 0 w0 s e 0 w0 om0 1o
7' (@) Pressure (MPa)

" HO—O‘.H__.\'
LATP-High density

7"(Q)
.3 sggEEEE
Li-ion conductivity (x10™ S/cm)

Au/Solid-Electrolyte/Au

0200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 1s » s » 3 o *

Z' (@) Pressure (MPa)
1000
28
900
800 E 27
7]
700 26
5
600 X 25t
g w z
= Z 24f
N 400 51
¥ ERTS
300 |- g
wf gl LIZO
H
100 |- Au/Solid-Electrolyte/Au 5 21
ol ¥ L T L P A P O O N O |
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 2'05 10 15 20 25 30 35 40 45 50 55
YAK()) Pressure (MPa)
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Battery Slurry
Resistance Analyzer

Scan QR code
for details ®

DEST 5t8EFli%Bsr2300

I3 slurryResistivity Test Principle

Test Methods:Put a certain volume of slurry (~80mL) into the measuring glass,
insert a clean electrode pen, start the software, start to test the change of the slurry
resistivity at the three pairs of electrodes with time and save it to the file.

Main features:

1. Separate the voltage and current lines, eliminate the influence of inductance
on voltage measurement, and improve the accuracy of resistivity detection;

2. The disc electrode with a diameter of 10mm ensures a relatively large contact
area with the sample and reduces the test error; Resistivity (Q*cm): Pe =
3. It can monitor the change of resistivity with time at three positions in the

vertical direction of the slurry in real time;

) specifications

Product model BSR2300

Resistivity range 2.50*cm~50MQ*cm

Resistivity accuracy/resolution +5%/0.01Q*cm
Conductivity range 0.02uS/cm~400mS/cm
Temperature range 0~40°C Temperature accuracy/resolution +0.5°C/0.1°C
Number of test electrodes three pairs

Note: IEST prioritizes continuous product updates, and our specifications are subject to change without prior notice.
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Application Cases

I (1) Evaluation of conductive agent slurry with different formulations

Shurry Resistivity Dispersant vs Slurry Resistivity
— Slurry in lower viscosity  Slurry in higher viscosity

Noaar

.
200 AT8T_| 4on

3 '5‘3 . . .
8 o g : When the viscosity, concentration and
£ s 2 . 7 . .
S| s £l N dispersant type of the conductive
Bl s R agent are changed, the resistivity also
) changes!
lower viscosity  higher viscosity

Cluster Small particles

Stary Resisiviy ’ In the future, specifications can be
" — — formulated for the slurry resistivity of a
; certain fixed viscosity, and the stability
’i@* of the slurry process can be monitored!

Raw slurry 1:1 dilution 1:2 dilution

= .

.
1742083
PPtart
10015 8704 066
P
01378 L7
.

Resistivity(k*cm)

ol
ey

. . | %
Rawslurry  1:1dilution  1:2 dilution

(2) Concentration-viscosity-resistivity correlation

Sumlor e S v . 1. Therresistivity of the slurry decreases
Slurry formula _— : = o with the increase of the concentration,
m . - and the change of the viscosity is also

inversely proportional to the

Graphite SP cMC SBR o o relationship;
96.5 0.5 15 15 t. Pl € e e oas The IV curve test of these two
LCO sp CNT PVDF 2 ERT . types of slurries basically conforms
oio 0 o o o ame | e e o o to Ohm's law, and the current and
: : : : et voltage have a linear relationship,

LCO Slurry Graphite Slurry indicating that the slurries are
mainly electronic conductors;

I (3) Slurry settling performance

Slurry 1#
- Slurry 1# 495
504 | : ‘ . E 490 /
3 il P 101 e :
22 g + i T - —a14-15 Bowm g —a—|
El Tttt ee d 2 ass P
P e sees -4hUp % Middle
3 o —— ot ath Midle & .
484 bas o0 PG —a14-4th Down & 480 Semloumn.
i :
a0
0 6 12 18 24 0 475
No. 1st Day 4th Day
20 Sturey 24 Slurry 2#
810
_ 810 x
£ aBte e ~ 800
& w0 | T e, —o-22-15t Middle E
I 4 ezetsDown Z 790
2 o0 [aaaaiis 20 athup F) ——Up
H * —a2# dsh Midelc é 780 —s—Middle
& %
B e e e —a—2f-4th Down E i —s—Down
770
o 6 12 18 24 760

1st Day 4th Day

On the first and fourth day of testing, the resistivity of the upper and middle channels increased, while the resistivity of the
lower channel decreased, indicating that after four days of shelving, the slurry shows obvious settlement.

Subsequently, a shelving period can be formulated for a certain of slurry according to the change of the resistivity to
ensure the uniformity of the slurry!
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) Testingmethod and principle

Battery Electrode

[ ] -

Res I Sta n Ce An a Iyze r Test parameters:The battery electrode resistance analyzer (BER series) adopts the double-plane pressure-controllable
disk electrode to directly measure the overall resistivity of the real electrode, that is, the sum of the coating resistance,
the contact resistance between the coating layer and current collector and the current collector resistance.

Feature
. 1. Pressure Range: 5~60MPa
(EST 7T 8E74 5% serasoo

2. Test Range: 0~5mm
3. Test Accuracy: =1um

Scan QR code

Gold-plated copper with a plating thickness:1 um
for details

Thickness Measurement
System

D = Mo Au@Cu W_
L cosingricionss Resistance — i e § Resistor

—_—
Measurement System

P =8

Calculation formula

Compaction Density(g/cm?):

Resistance(Ohm): R = pé

l Stress

1
Vi : g, = —
Conductlwty (S/m) e P RS Measurement System

Appliction Case - Material Evaluation
I3 Model Table

(1) Material evaluation : correlation between powder conductivity and

Electrode conductivity
" Model | BER2300 —

0.07

Powder conductivity

Electrode conductivity

0.010

—a—=Ni-low

Pressure method

Resistance
range & accuracy
Pressure
range & accuracy
Thickness range

Servo motor

1pQ~3.1kQ(£0.5%F.S)

up to 1000kg—>5~60Mpa(=£0.3% F.S)

0.06
0.05
0.04
0.03
0.02
0.01
0.00

conductivity[S/cm)

—s—Ni-medium

—s—Ni-high

0 50 100 150 200

250

0.008

0.006

0.004

conductivity [S/cm]

0.000

[ —a—Ni-low
—=—Ni-medium

0.002 +

——Ni-high Conclusion: The powder conductivity and electrode

e conductivity have the same trend!

l———"—""_-.

13 18 23 28
Pressure(MPa)

/ 0~5mm
e ) I (2) Conductivity evaluation of conductive agents
resolution & accuracy / 0.1pm/%1um
Resist . P—— Resistance, resistivity, conductivity, Electrode conductivity
Testable parameters esis ancte, rests I\t” Y, Co:] hUC I\_/(I:l_)tl’ pressure, temperature and humidity, 0.03 25% Constant pressure test
ressure, temperature and humidi ; : . :
P P y thickness, compaction density 0035 goozer 1 200 Pressure: 25MPa
R Holding time: 25s
z 2| 8%
Single point test mode; g 008 ¢ X TEE R 8 Points tested: 15points.
Features Continuous test mode; 2 oo | 0 1 10%C
Variable pressure mode S oos | . 00039 1 50 Conclusion:Electrode conductivity characterization can be used to evaluate
NP the conductivity and dispersion performance of conductive agents!
0 L L 0%
$P1 SP2  SP3

Note: IEST prioritizes continuous product updates, and our specifications are subject to change without prior notice.

* Coefficient of Variation COV = (Standard Deviation SD / Mean) X 100%
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I (3) Evaluation of primer coated aluminum foil: pure aluminum foil, carbon
coated aluminum foil A, carbon coated aluminum foil B

Thickness of electrode

. - Resistiviy ,,_H;J collector collector
A amas only with coating

3 E .
o £
B c .
2 e 1w >l i 008 .
° I 3 : 8 Constant pressure test:
I ' J I L Pressure: 25MPa

1520 B 176% 944 : m’”m 890% HOldlng time: 15s

amx : asan
o T Points tested: 10 points.
Conclusion

1. Different primer coating processes will change the conductivity of the current collector;
2. After coating 1~2pm primer material on the aluminum foil, the conductivity uniformity of the current collector is better;

I Application Case - Process Evaluation

I (1) Uniformity evaluation for the distribution of conductive agent

285 6
28.0 wemarenemnenene e Max
276 26 76y 51
s lo7.4 274 I35 - 216 =
Z 275 CEP | * - g
E 371 < 4 - - Max
2 l 2 = l3 3 33
5 270 g 2 i s 2 o3
-] =]
k] B3 23* B 2988
S 265 D
o [ .
L Min e
255 - 1
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10

Conclusion: The quality of the first batch of the 10 anode electrodes is not acceptable as its resistivity is outside the
normal range.

I (2) Positive and negative electrodes with different conductive agents

Anode electrode resistivity-Carbon content Cathode electrode resistivity-Carbon content Analysis of Variance

Analysis of Variance 140000 T, Source DF___ AdjSS___Adj M F-Value P-Value
- 42118 Source DF AdjSS Adj MS F-Value P-Value 1230001 = Factor  38015687849126718959497 42577 | 0,000}
Factor 20647670323833 13259 § 0000} Emop 20 125087802 62150390
T Error 15003664 0.002442 L= 100000 Jewl 2381411960293
r Total  170.68430 S
c & 80000
212 1.19988 > Means
2 Means S s0000
i N N Mean S0 059 1 £ i Factor N MeanStDev  95% Cl
& zf/‘c':’T 6'1322':%'0(%;; o i & 1%-Carbon 6113357715843 (126831, 140324)
o . ol 6:1~1999:0-0472 51-1569'1-2429; 20000 SaiE 3% 164774 3%-Carbon 6] 3032} 382 (-6442.9,70493)
0.956716 4";CNT 6:0'95675'0373(0‘9137* e 5 : ; / S%-Carbon 6] 2143} 254 (-672468, 6767.53)
© = ® 220l 7%-Carbon 6} 16481 299 (-6729.63, 6762.58)
2%CNT 3%CNT 4%CNT Pooled StDev = 0.0494210 1%-Carbon  3%-Carbon  5%-Carbon  7%-Carbon

Pooled StDev = 7921.77

= The pooled standard deviation is used to calculate the intervals.

Conclusion: The resistivity of the NCM electrodes decreases with the increase of Carbon content, and when the content is
greater than 5%, the resistivity decreases slightly.
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I (3) Separate the resistivity of the A and B coating layers for the
double-coating electrode

: Theresistance of Positive electrode Theresitance of Negative electrode
Method 1 i 0.15 5% 0.07 20%

Surtace A Surtace B : !0.1429

Surtace B surtacea |1 0.14 1 4% 0.064 . 1 16%
1 3 %.0623
1 g .
1 013 %1293 * 1{ 3% wooss | 29581 1 12%
1 c s o282 e = : o

Method 2 1 ] . 2 = 1 90537
. =
Surface A Surface B : § 0.12 A-2.04% 0.1206-§ { 2% ¥ S 0.052 ] 0.0519 4 8%
n

1 @ b=

Surface A Surface B | = A T0% § 4.35%
| 0.11 0:79% - x 1% 0.046 | 4 4%
1 A 8 ‘2_32% 2.03% 2.38%

Surface A 1 0.90% A
d 0.1 : : - 0% 0.04 . . 0%
"""""""""""""" Asideup  Bsideup  Folditinhalf, Folditin hatf, I i i iti
UPH/LPH: Upper/Lower Press Head Asideup ~ Bsideup Asideup  Bsideup Folditin half, Folditin half,

Asideup B sideup

Constant pressure test
Pressure: 25MPa
Holding time: 15s

M1: Rypta = RupnatRatRasoitReoitRe+Re it Re.LpH
M2: Rypta = Rupnat2Ra*+2Ra it ReitRaLpH
Points tested: 5 points for each group.

Conclusion

1. When the Aside or the B side is facing up alone, the difference in the resistance and uniformity of the electrode sheet is small;

2. The difference between the A side and the B side after folding is mainly due to the difference in the coating on the two sides, so this
method can be used to judge the difference in the coating on the AB side;

B Application Case - Failure Analysis

I (1) Analysis of electrode resistance during high temperature cycle&storage

Rs & Re of Cathode@60C cycle Rs & Re of Anode@60 C cycle

—o-Rs —&-Rs
4 ~8—-Re . —o—Re
1.5 0.6
2
e | £ "—N/‘ .
5 R 048
£2 ) &
1 A
. ¢ 0.5 Q—Q\i 02
o ¢ . . 0 0 : 0
0 1000 2000 3000 0 1000 2000 3000
Cycle times Cycle times s .. mo o omme G
Rs & Re of Cathode@60 C Storage Rs & Re of Anode@60C Storage ; i ) ’ b
2.5 1
—o-Rs | :2:
2R s " The resistance of the cathode continues to increase with the
P = = 5 . F . . . .
£ L & 515‘,_4/;/_! £ increase of the cycle numbers, indicating that a large change
3 g &7 048 . .
' ./' /'/! has taken place on the cathode side after the high temperature
05 4 [ 05 05 4 0.2 .
| , ; cycle, which may be related to the byproducts on the surface of
0

0 60 90 120 150 0 30 60 90 120 150
Storage time (Day) Storage time (Day)

Conclusion
1. The resistance of cathode electrodes increases with the number of cycles.
2. The resistance of anode electrodes increases with the storage time.

3

the cathode particles or the contact between the particles;
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In-Situ Gassing
Volume Analyzer

|1 -

&
HIEST 5taE#14% cuma200

Scan QR code
for details

I3 Model Table

Channel Single Channel (1 Cell) Dual Channel (2 Cells) Single Channel (1 Cell)
Maximum Cell Weight (Including Fixture) 1000g 1000g 5000g
Test Temperature RT~85°C RT~85°C RT~85°C
Volume Change Resolution 1ul 1l 10ul
Volume Change Measurement Precision +10ul +10ul +30ul
Soumsenn Soum s Spum s,
Instrument Dimensions 540*540*910mm 540*540*910mm 540*540*910mm
Instrument Weight T0kg 75kg T0kg

Maximum Dimensions (Excluding Tabs): 220 X 180 mm (Custom sizes available upon request)

Note: IEST prioritizes continuous product updates, and our specifications are subject to change without prior notice.

19| GVM

B} Creative solution - in-situ gassing monitor

GVM system Auxiliary system

./ Battery testing system

High-precision Mechanics Test System - . m
o il B
Test PC (REESE

L} . .
E CE Circulating temperature
s — Eae : control system
i~
& . >
P 'i : - ®
Software Multi-function test chamber

Instrument Principles

By combining Newton's law (formula 1) and Archime-

Frenson* Fasoyaney=Moerd Formula: des' buoyancy principle (formula 2), specialized
- FauoyaneyPsicone iVcel Formula 2 sensors are used to measure the real-time mass
Frension™* Fauoyaney = Psicane 019*Voai=*Msersod  Formula 3 changes of the cell during the charge & discharge
SVai=4Msensol sicons o Formula)a process, and then the cell's volume changes can be

further calculated(formula 3 and 4).

Fravity

n Product Features

} Multi-Level Gassing Testing: Material Gassing — Single-Layer Stacked Cell Gassing = Small Pouch Cell Gassing —
Cylindrical & Prismatic Cell Gassing

} Multi-Channel Gassing Testing: Single Channel = 2-Channel — 8-Channels Testing

} Multiple Temperature Settings:Room Temperature Testing = High and Low Temperature Testing (RT to 85°C with
Water Bath Control)

} Comprehensive Gassing Analysis : Gassing Volume — Gassing Pressure — Gassing Composition Analysis

Applications

» Overcharge Gassing » Cycle Gassing » Storage Gassing » Formation Gassing

GVM | 20



I3 Application Case - Formation Gassing

I (1) Formation at different temperatures

(a) Test Process (b) Different temperature Differential capacity
5 14 20
cc
1.2 0
4 | e . £ 16
~
L0
3s 08 g £
s
g o8 g E 8
£, . E
S 04 3 E
e NS 0.2 ; 4
— 0
)]
0 0.2 o ; ‘ ‘ - 3 33 3.6 3.9 12
0 3000 6000 9000 12000 15000 0 3000 6000 9000 12000 15000 S——

Time/s Time/s

Test Conditions:  © NCM/Gr Pouch Cell © Rate: 0.5C @ Charging: CC 4.2V © Capacity: 2400mAh

Conclusion: The gas production increases gradually with the increases of formation temperature, and when formation
temperature is around 55°C, the first phase transition reaction peak will be more acute.
In addition, from the differential capacity curve, as the formation temperature increases, the polarization decreases.

I (2) Formation with different electrolyte additives

In-situ Formation_Gassing o In-situ Formation_dQ/dV Gas Components_4.2V

= 1.0 20

£ < o

g o5 E 20 -

3 > >

2 2

S 00 g -60

Base+Add.
05 80 . . . . . .
0 2 3 4 5 0 04 08 12 16 2 24 28 CO02  C2H4  C2H6 H2 CH4 CO  unknown
Voltage/V Voltage /V Gas Components

Test Conditions: © Temp:25°C © Rate: 0.02C

Conclusion: The gas production & gas production rate of the cells with additive A(red) are greater than those without the
additive, which means this additive enables a more complete SEI formation in the cells.

I3 Application Case - Overcharge Gassing

I (1) NCM cells with different Ni contents

I S o  ighnicie ncw [ SR
OTTOONSOC  100%-J30HSOC | 13ON-ITHSOC | 147%-S00%S0C soc  toosimisoc
1) S + q 35 60 i
’ * s, cmmar e e . [T o
oo smge | [0 conorsa | [INRISACRAM | covvoce srsours chon
. Test Conditions
272 = 52 0.6 7 B re 53
g ) 5| = : ik
o 3 £ k] H . o
¥ 264 S 44 0a5d s £ @ |5as 04 % £ @ Temperatu re: 25 C
g4 1y 7 $°f B[ §
- - g 2 5| 2
E s | 3 as fugomcee IS I f+
i % .
2 256 § 3s f( et 02y 3 E Frr3e = 02 % . @ Rate: OSC
= e | 4 H 8 3 o gl,8
8 : 1 < 2
248 B 28 o a3 E‘k 0.0 1 27 | F 32 00 s
240 L---os 20-- --02-- 1 s 25 02— 2

o
*

40% 80% 120% 160%  200% 0% 20% 40% 60% 80% 100% 120% 140% 160% 180% 200%
socC

50C%

Note: EL is the abbreviation for electrolytes.
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Conclusion

1. The slope of the volume change curve suddenly increases when overcharged to a certain potential, then the surface
temperature of the cell increases sharply, and gas generation starts instantly from there;

2. Asthe nickel content increases, the state of charge (SOC) at the onset of gas generation shifts from 138% to 115%.

I (2) Cells with different cathodes and contents of electrolyte additives

(a) C1+E1-25°C overcharge (b) C2+E1-25°C overcharge
6 [ 16 [Je— 16
55 — - 14 5.5 f - 14
Y C1EL3% - 12 I C2+E1.3% ” - 12
S35 ,,'f 6 3 S35 ; 6 g
3T i -4 3 »'} L4
25 | 2 25 1 S 2
2 it 0 2 S L 0
0 04 08 12 16 2 0 04 08 12 16 2
Capacity/mAh Capacity/mAh
(© C1+E2-25°C overcharge
6 16 Gas Volume Vs Voltage
C1+E2-0% 16 52
5.5 — - 14 " C2+E1 o s
I c1E2.5% | T T =
g4 -8 E £ - 48 5
° ' P 5 o
>35 A 62 3 6 47§
3 - [P -4 L4 - a6 §
25 | 8 2 2 Las E
2 - /L 0 0 ' 44
0 04 08 12 16 5 0% 1% 2% 3% 5%
Capacity/mAh Additive ratio
Note: C: Cathode electrodes E: Electrolyte additives
N Gassing volume Voltage in gassing
Adst'Vf[?S after overcharge to 5V(mL) curve inflection point
contents
Cl+El C2+E1 C1+E2 C1+E1 C2+E1 C1+E2
0% 1.625 1.625 1.625 4.99 4.99 4.99
1% 5.708 5.068 5.005 4.61 4.583 4.77
2% 8.786 9.783 8.457 4.54 4.543 4.70
3% 9.335 13.479 8.785 4.57 4.58 4.70
5% 9.391 11.522 9.549 4.52 4.52 4.65

Conclusion: Both cathode electrodes and the contents of electrolyte additives affect gas production, while the type of
additives mainly affects the potential of gas production.

GVM | 22



I (3) Overcharge and overdischarge of LFP batteries

(a) (b) 3 60.000
e et o g 45
i iz 5 —— Over Discharge Volume 25
17 S % A
- ) I S, - - - Over Discharge Voltage 48.000 B Over Charge Gas
7E bt 3 ) § B Over Discharge Gas
’ =
Tus| *_E s 23600
T |7 > 2 25 ] ]
E 3 E 15 @ 5
—: —— Over Charge Volume = 3 b ‘—(‘; 5
S s 3 3, S $ 24.000
2 = = = Qver Charge Voltage 3 > ), =5 i g
“ Q
3s o " o5 : s 12.000
Inflection Point ——»
——__’_,/
-1 2 05 0 0.000
3206.086 3306.046 3406.046 3506.046. 3606.046 0 50 150 200 H2 02 C2HE C2H6 C2H2 CH4 w

100
Capacity (mAh) Capacity (mAh)

Test Conditions: © LFP/Graphite Cells © 0.5CCCCVto5V @ 0.5CDC to 0V

Conclusion

1. Asthe cellis overcharged or overdischarged, the starting point of gas production can be detected in real time;

2. Gas chromatography analyzes the gas composition under these two working conditions. In addition to the same gas
type as the over-discharge cell, a relatively high content of CO and CO2 gas is also detected.

I3 Application Case - Cycling Gassing

I (1) Cycle performance of different NCM cells

(c::::: 3 B-Differential capacity-1st cycle o 3 B-Differential capacity-8th cycle o024
60°C cycle-NCM811/Graphite = == 15t-dQ/dY-DC : = = = th-dQ/dV-DC b
45 0.44 1 5 7o s Porkd b 2 5 | —--onacvee | 022
——{st-Volume change-DC ~ Feskz » —— 8th-Valume change-DC &
4 " ;"‘ 'ﬁ f‘:, ,':'}I““ I,;I‘:‘I L 035 _ T Tst-Valume change-CC 0.04 % e = Bth-Volume change-CC i 02 %
) \‘;“'..a:,’l\"l‘ E = i z L =
') LY W02 S = s 002 & 2 B 0.18 £
335+ TR TS T Y & O 2 $ o} -memmzzzz z
1y 017 & T 0 @ o AT
£ s g 5 g E
S 3 - o 002 3 0.14 §
= i | oos E E 2
3 2 - 2
S 0.04 oaz2
>
25 | -001
2 3 ! i . ! 0.06 3 . . . \ 01
2 : . . 01 27 29 31 33 35 37 39 41 43 27 29 31 33 35 37 39 41 43
0 40000 80000 120000 160000 Voltage/V Voltage/V
Time/s

Test Conditions: © NCM/Gr Pouch Cell @ Temperature: 60°CRate: 0.5C @ Voltage: 3-4.2V

Conclusion: The volume change of cell B is greater than that of cell A, and the gap of volume change deepens with
the increase of cycles, which indicates the irreversible volume swelling increases as well.
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I3 Application Case - Storage Gassing

I (1) Storage performance under 3 different conditions

85°Cstorage 4h 85°Cstorage 4h 85°C Vs 70°C storage 4h

40 42 300 4.25
% %40 - / 42
224 ————————— 412 H is.n I it 415 %
| P Y A m ,,,,,,,, il f20 ks a1 -
o bl e —] o 60 -] 4.05
0.0 4 0 i 0.0 4
0% 1 2 3 4 0 5000 10000 15000 o 1 2 3 4
Time(h) Time(s) Time(h)
Test Conditions:  © 4.2V fullly charged © storage at 85°C for 4h

Conclusion: Different cathode materials, electrolytes, and storage temperatures all affect the volume change of the cells.

I3 Gassing from silicon-based slurries

— 30F - - . . .
25}
(D AEST cvvzono 7 g 20}
© 15}
E
=
2 10
?1 ——Slurry-A
4| St ——Slurry-B
i ——Slurry-C
0 : : : . .
0 10000 20000 30000 40000 50000

Conclusion

Time (s)

1. Pre-magnesium or pre-lithiation treatment of silicon monoxide results in gas generation in the slurry.

2. Lithium compensation additives in the cathode tend to decompose and generate gas during the actual slurry and

lithium compensation process.

I3 Comprehensive gassing solutions

Stacked Cell Molds

Multi-Channel
Gassing Testing

—_——

i

High-Precision Pressure

Sensors

Integration with DEMS for

Gas Analysis
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In-situ Multi-channel Square & Cylinder Cell
Storage Gassing Test System Internal Pressure Testing System

/ Testing Module (volume, voltage) \

I M =1 '—! ........ =

|| Intevnet cable|(

[ ; \ 3 < ¥~ Can be connected to GC or
i i i i i i i i External Cycler 1‘.5:“:.5@.:5‘\ 7 MS for gas composition

i = )

\Multiple Movable Water Baths /
Features Test Duration: up to 6 months
Start Testi Software Pressure Computer .0 20
In-situ Storage Gassing testing for pouch cells aTy B Connection Sensor Accuracy: 0.3% F.S,

Number of Channels: 8
Multi-channel Testing (up to 64 channels)

Applicable Samples: Cells with the diameter of

Base Welding [N =4 Cg::terg'f'a?ﬂ? liquid injection port >7mm

l Measure Range: 0.5MPa, 1MPa, 1.5MPa, 2MPa

Automatical Data Recording(volume, voltage and internal resistance)

Access to External Cyclers Channel 1 Channel 2
0,106 0,108
0,104 0,104
0.102 _ 0.102 i n I
NCM Cell Storage gassing-4.2V 70°C NCM Cell Storage gassing-4.2V 70°C P m f—’—ﬂ_-.ll_l_l—ll s »
14.0% 44 £ ooss 5 0.n9s
12.0% 4.35 & 0096 & 0o
43
10.0% 0,094 0,094
X = 425 0.092 n.092
g 8.0% 81 4.2 i} SO000 100000 150000 200000 250000 300000 350000 400000 450000 o SOO00 100000 150000 200000 250000 300000 350000 400000 450000
2 6% £ aas time /s time /s
g 2 a1
4.0% Cell 1 —a=Cell 2 ==Cell 3 405 Cell 1 -m=Cell 2 —Cell 3
2.0% 4 Test conditions: 60°C atmospheric pressure test Test results: 115 hours, 0.003MPa fluctuation
0.0% 3.95
Day1l Day3 Day7 Day14 Day21 Day28 Day35 Day50 Day65 Day72 Day1 Day3 Day7 Day14 Day21 Day28 Day35 Day50 Day65 Day72
Electrode stroge gassing - 65°C cell stroge gassing - 65°C
1.2 0.8 4.5
10 | o~ — 4 ©
= =0.6 [a
Eos | g <
€ 0.6 E 04 Z 3.5 g . g
g | 2 o 2 Conclusion: As the cycle count increases, the pressure
204 | —a—1 1P Flectrode 3 2 J] 3 o ] / 4 . iy
- e e <02 ST S = value rises, and after reaching a certain level, it stabilizes
2 | o de 2.5 £
0.0 o0 ——————— 2 for a period of time.
50 > B & o Q ® & o > u o © A ® 2 130
S A I A 0 50000 100000 150000 20000

time/s
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In-Situ Cell
Swelling Solutions

Scan QR code
for details

© Model Coin-cell Swelling Analyzer (MCS Series)

© In-Situ Rapid Swelling Screening For Silicon-Based Anode(RSS Series)

@ In-situ Swelling Analyzer for Consumer Battery/Cells (CBS Series)

@ In-situ Swelling Analyzer for Power and Energy Storage Cells(SWE Series)

© Battery Pressure Distribution Film(BPD Series)

I3 cComplete Solution for Cell Expansion

el — ~ Ay R —— ‘! ‘
— . f [ i
; Bl o | I- | %E{ B

i

3 Instrument Principle

Thickness
Measurement
e P Test Chamber ; o &Tit-reﬁ
7 —// ickness
Force // Stress sensor 1 collection
(e Pressure control syste / Tildmssseusm
System /%
Wi o |
—— Battery tester
%

Thickness Thickness

3 | ¥

y

s
Oy |

e

Constant Stress

|
t t
Constant Gap(in-situ)  Constant Gap(ex-situ)

Test Range & Accuracy

© Force: 1kg~10T(Accuracy: 0.3% F.S)
© Number of channels: 1-4 channels

Specifications

Model Number MCS1400 RSS1400 CBS1400

Constant Gap
Test Mode Constant Pressure
Steady-State Compression

Battery Cell Type

Compatible Battery Cell Maximum Cell Size

Channel Quantity

i
i
qg=——

Consumer Battery & Power Battery & Energy Storage Battery  Battery Pressure Distribution
Measurement System

Model Coin Cell Silicon-Based Anode Consumer Battery

MCS series RSS series CBS series CBS series & SWE series

de L
Ak . ) i
\H" ‘ g/ [ m - | ! [ };

~ T a4y N IJ/ y | :

Model coin cell Stacked Cell Pouch Cell Square Cell Short-blade Cell (<700*400*100 mm)
27 | SWE

Solid-state Batteries

Pressure Control

Pressure Measurement

Thickness Control

Battery Cell Thickness
Measurement

Expansion Thickness
Measurement

Pressure Adjustment Range
Pressure Measurement Range
Resolution

Accuracy

Accuracy
Measurement Range
Resolution
Accuracy
Measurement Range
Resolution
System thickness measurement

accuracy

Thickness sensor measurement
accuracy

Dimension

Weight

t X

Variable Stress Stress Mapping

X
v
X
Coin Cell
/
1/2/3/4
5kg

/

X
X
+5mm
0.01pum
+1pm
+0.1um
600*315*380mm

53kg

—_

Coin Cell / Small Pouch Cell

Swelling Thickness

Swelling Force

Compression Modulus
Cell Stiffness

X
v
v

60*90mm
1/2/3/4
1-100kg
0-100kg
+1kg
+0.3%F.S
+1um
0~5mm
0.01pum
+1lum
£5mm
0.01pum
+1lum
+0.1um
1200*700*1700mm

600kg

Note: IEST prioritizes continuous product updates, and our specifications are subject to change without prior notice.
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© Displacement: 0.1mm~100mm Accuracy: +1um
© Temperature: -20°C~80°C

v
v
v

Coin Cell / Small Pouch Cell

100*100mm
1/2/3/4
1-300kg
0-300kg
*1kg
+0.3%F.S
+1lpm
0~6mm
0.1um
+1lum
+6mm
0.01lpm
+1um
+0.1um
1300*700*1700mm

830kg



Equipment Specifications B Application Case - Materials Evaluations

v v v v

I (1) Formation & charge-discharge swelling of cells with different Si/C contents

Constant Gap
Test Mode Constant Pressure v v v v ) s Voltage Vs ATHK \ ) dQ/dV Vs ATHK "
Steady-state Compression v v v v " a7 01
Cell Type Pouch Cell Pouch Cell Pouch Cell Pouch Cell = 0.08
yP Prismatic Cell Prismatic Cell Prismatic Cell Prismatic Cell £ oo 345 .
] 2 0.06 3
Applicable Cell Maximum Cell Size 220*180mm 220*180mm 400*300mm 400*300mm 3 oo 31 § g
£ 0.04
Number of Channel 1 1 1 1 £ 0.005 28 o2
Pressure Method Servo Motor Servo Motor Servo Motor Servo Motor =5 p— 0.1 015 e 3 32 34 36 3.8 il
Capacity/Ah " i Valtage[\lf ’
Pressure Control © (d)
G . dQ/dV-AThickness%
Pressure Adjustment Range 20-1000kg 20-1000kg 50-5000kg 50-5000kg . Valtage s AThickness o~ e A
——-dQ/dV-800Si/C | peak2 I“II i ['\7 P
4 s T T 40.0% 0.3 dasav-ssosijc [Pkt 1 A
Thickness Control Accuracy +1lpm *1lum +2um +2um e @ %y -7 BO%
3 30.0% § a
. g ! S - 25.0% &
Cell Thickness Measurement Range 0~80mm 0~80mm 0~100mm 0~100mm %, ag T, [0 £
Measurement < e Fm | 15.0% 3
> » {
Measurement Range +5mm +5mm +5mm +5mm ! e i T0.0% .03 i s
:gp:ictness%-fgﬂff/c peak3
Swelling Thickness Resolution 0.1um 0.1um 0.1um 0.1um g 0 3000 6000 9000 12000 1500:0% 0527 5 23 e 5 “'5'0%
Measurement deme/s . " Voltage (W - ’
Accuracy +1lpm +1lum +1lum +1lpm
Temperature Control J X v X Test Conditions: © Pouch Cell(stacking) © 200 mAh (1 cycle) © Cathode: NCM811
Temperature G ] . .
C:ntml Temperature Control Range -20~80°C X -20~80°C X © Anode: 450Si/C (450 mAh/g) 800Si/C (800 mAh/g)
ReRuREy S2C X 2 X Conclusion: The higher the silicon content in the anode, the greater the swelling is(Max thickness change is around
Dimension 70071220"1850mm 41074557980mm 1100*1600"2000mm 820"750"1650mm 40%), and the silicon-lithium alloy formed will affect graphite' s phase transition potential of lithium intercalation.
Weight 490kg 150kg 1100kg 850kg

I (2) Anode: NCM-Si/C cells with different modifications

The Voltage & Expansion Thickness for Three Kinds of Si/C Anodes @ Btyoe:8IC . Cype:SiG DitvbeSie
45 (( ,4{‘ 0.05 . _
. E \‘\"\ S 004 g Cvoltage < NCM(¢14)
2 808~ ——-ovorese N
) ProductFeatures ko R o (2105)
s g Si/C(D16)
09 /\ LU LT oo _ = Chz‘:ged
1. Multi-Level Expansion Testing: Electrodes, Pouch Cell, Prismatic cell, Short-blade Cell I el - —— S| T
Time (h) D(~14.65pm) > C (~11.98pm) > B (~4.64pm)
2. Multi-Channel Expansion Testing: Single-channel = Dual-channel — Four-channel
3. Temperature Control: -20°C—80°C Test Conditions: ©@NCM/Si/C CoinCells @ Si/C#D(~14.65um)  © Si/C#C (~11.98um) @ Si/C#B(~4.64um)

4. Wide Force Ranges: 5kg — 100kg — 300kg — 1000kg — 5000kg — 10000kg Conclusion: SiC#B shows the minimum swelling volume, and the swelling performance of the 3 anode materials share the

same trend observed with the SEMs.
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I (3) Cycle swelling of cells with different Li metal

bottom-deposited Li
hollow space Li;N/LiF-rich SEI

AT=0 AT=0
Plating Plating
ENER — —
K

zeroVE-Li zero volume expansion

uniform Li deposits

dendritic Li deposits

common SEI . |
AT>>0

Plating AT>0 pyating
—_— t —_—
LiMg large volume expansion
f 60 45 g - 50 h 500
: — 800 : - = = LiMg
245 lif 4.0 é‘un' s zeraVE-Li I
1 a4 . = .
§ g pee 302 B3oop g
2ag| =LiMg  ~LiMgiCucMiEl g = . v £ 3
v =zeroVE-Li £ Tag| =LlMg E: G200
] \.f\ 5 ¢ = zeroVE-Li 205 ¢
215 L Jﬁ. /0 /\1‘53‘ H > Z 100} % I T i
2 AL \‘/‘J g 200 10 & .
E - ! & [N R S —
0
0 0 0
0 15 30 a5 60 o 5 10 15 20 25 30 0. 0200 200,400 (800

Time (h) Time (h} Initial pressure (kPa)

Conclusion: The modified lithium metal anode can significantly reduce the volume expansion of the cycle process.

I (4) Cycle swelling of cells with different binders

1 Cycle Full Charge Thickness

300

250

;E: 200 Diff. Binder_05C@ATHK

150 400

~

£ 100

= 300 .

o BinderA
tl2ls]af2]s|af2]s]a]2]5 E 200 BinderB
BinderA BinderB BinderC BinderD = | ) .
inder; inderi inde: Iinder E 100 “/” \ V/ \ ‘ . Blnderc

Irreversible deformation A /4 BinderD

40 0

2 ) B

’g 0 100 - 4 1 i

5 ” —8 8 o——o ¢ o8 —8 0 2 4 6 8 10 12
L Time(h)

<

). [ R S A

60
1‘2|3 1‘2‘3 1’2‘3 1‘2‘3
BinderA BinderB BinderC BinderD

Conclusion: The irreversible swelling of the 4 tested cells is similar, and the main difference lies in the swelling thick-
ness after one cycle of full charge, that cells with binder C outperformed the others.
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I3 Application Case - Process Conditions

I (1) Swelling of prismatic cells under different pre-stress

Irreversible swelling analysis

Swelling Vs Differential capacity

2.0% 10 2.0%
L5 6 | 1.5%
2 7z 2
w = wn
§ s’ P 32 | 1.0% §
S 10% [t T i b =
] . Lo =
= e T2 L 0.5% ==
] L
VDos% | T ] <
) 6 | 0.0%
]
0.0% ‘% 10 -0.5%
0% 20%  40%  60%  80%  100% 3 32 34 36 38 4 42

SOC

Voltage(V)

Test Conditions: © NCM523/Gr Prismatic Cells(2400 mAh) ©34cm*46cm*106cm(T*W*L) @ Pre-stress: 50N/500N/1000N

Conclusion

1. The proportion of irreversible swelling of the cells can be reduced by increasing the pre-stress.

2. During the charge process, the 2 inflection points of the swelling curve correspond to the 2 peaks of the differential capacity

curve, indicating that the swelling of the cell is related to the phase transition of lithium intercalation & deintercalation.

I (2) Swelling of prismatic cells under different temperature

NCM523/Graphite @Different temperature

Irreversible swelling analysis

5 48 35
18 28 fmoo
c\;
X
28 @ D21 [rrusmrssase
g £
< ]
> 18 £
a a -
' , 08 7 i
. ‘ , il RPN : w
8 poss 0% 20%
Time/h )

40% soc 60% 80% 100%

Test Conditions: © NCM523/Gr Prismatic Cells(2400 mAh) ©34cm*46cm*106em(T*W*L)

© Temperature: 0°C/25°C/45°C/60°C

Conclusion: The irreversible swelling of the cells increases in both cases when the temperature increases from 25°C to

60°C, as well as decreases from 25°C to 0°C. However, the causes of such swelling under high-temperature and low-tem-

perature conditions may differ.
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I (3) Swelling of prismatic cells under different cycles

(b)

Capacity Retention

(a) Swelling thickness curve
a.50 30%
400 25%
&
3.50 o B
= H
E 3.00 E
& 15%
2 250 E
= 10% 5
2.00 E
—voltage =
1.50 ——thickness 5%
1.00 0
0 50000 100000 150000 200000 250000
Time/s
(c) Charge swelling Vs Cycle
—1cycle
0.6 ——10cycle
e —— 30cycle
Py —60cycle
EUA ——90cyde
B0z ——95cycle
H] 100¢yele
E 0.2
= ——105cycle
901 — 110cycle
0 : ; —113¢cycle
0% 20% 40% 60% 80% 100% 120%
Capacity percentage
Test Conditions: © NCM811-Gr Prismatic Cell (50 Ah)
Conclusion

120% Capacity Retention Vs Swelling 00
100% 25.0%
20% 20.0%
60% 15.0%
40% 10.0%
£iy ——Capacity ratention | 0%
——Max Swelling
0% 0.0%
0 20 40 60 80 100 120
Cycle
Differential Capacity
—1cycle
|——10cycle
——30cycle
—— 60cycle
——90cycle
| 95cycle
100cycle
—105cycle
——110cycle
——113 cycle
i i : —119 cycle
3 3.2 3.4 3.6 3.8 4 4.2
Valtage (V)

© Voltage: 3V ~ 4.2V

© Rate: 1C

1. The swelling curve of the cell corresponds to its capacity attenuation curve. Generally, when there is a sudden drop
in capacity (the intersection point of the 2 curves), it is either due to gas generation or side reactions.
2. Lithium plating may occur after 115th cycle.

I (4) Swelling of prismatic cells under different pre-stress

Stress(kg)

Pre Pre- b Max
Stress(kg)- | Stress(kPa)-
stress(k stress(kPa
(ko) i) 1st cycle 1st cycle
15 5 130 51
30 10 170 67
60 20 200 79
Stress curves Differential Capacity
s (ke 2000 ——dQ/dV-15kg h
—Stress(kg)-15kg
e o |
- 1200
g
800
400
0
[ 10000 20000 30000 40000 3.2 3.3 3.4 35 3.6
Time/s Voltage/V
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Test Conditions
© LFP/Gr Prismatic Cells(100 Ah)
© Pre-stress: 15kg/30kg/60kg

Conclusion

1. The initial gap of the cells gradually decreas-
es with the increase of pre-stress, and the varia-
tion in swelling force becomes more significant
during the charge and discharge process.

2. The charge polarization of the cells first
decreases and then increases with the increase
of pre-stress, indicating that a pre-stress of
around 30kg is beneficial for improving the rate
performance of prismatic cells.

@) Vaoltage & Current curves
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I (1) Lithium plating under different rate

(b) Differential Capacity Curve
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Differential Capacity & Thickness curves
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3 Non-destructive lithium plating analysis

Test method: Charge the cells at different
rates and discharge them at the same rate
to analyze the differences in their voltage
curves and swelling thickness curves.

Conclusion

1. Theslope of the cell’ sthickness curve
increase with the increase of rate.(c)

2. Lithium plating gets more and more

serious with increase of rate.

I (2) Lithium plating under different temperature

Test method:In situ detect the thickness curves
of batteries with different temperatures.

Conclusion: The position where the thick-
ness curve at a certain temperature bifur-
cates compared with the thickness curve
under high temperature which is without
lithium plating is the temperature window of
the lithium plating.
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I3 Application Case -Cell structure

I (1) Multi-layer jelly rolls vs. Single-layer stacked cells

Winding cell expansion Stacked cell expansion

Diff. Anode_07C/1C@25degC Diff. Anode_07C/1C@25degC

10% 6%
Anode A Anode A
8% b AnodeB | 5% r Anode B
Anode C Anode C
a% Y
g
3% 4+ N ARy
=
<
2% g e
1% +
0% ! :
0 2 4 6 8 10
Time(h) Time(h)

Conclusion: The swelling ratio of jelly rolls is greater than that of stacked cells, cause the stress in stacked cells can
partially release in all directions, resulting in a smaller overall swelling thickness.

I (2) Swelling stiffness VS Compression stiffness under constant pressure

Test Conditions: © Cell:LCO/GR2400mAh @ Constant pressure:10/30/50/100/200kg

Charge Discharge
3.400 T - ug . =] 5 =
charge 1 discharge 29 N
T 3.350 - : AN E:
£ ; —10kg = St =
% ow ow  mw 4% % wom  Tew  12o% % ox  mw  @e% e mox e ow
£ 3300 i —30kg = -
£ i ——50kg 2 A == il /\P\ ==
£ 3.250 i 100kg 5 - /\ -~
= .
i ——200kg - sl S = L o
3.200 " Ll i 0% o% B mnm R T T oxox 2% mwwx T T
0 5000 10000 15000 20000 b \ = ST
Time(s) EE /—\._._./\ :’2; / \
= St
Compressionstiﬂ:ness o w w e e e I L
stress o . 2 === 20010
stiffnéss| 30-10 | 50-10 | 100-10 | 200-10 o \ ad / \\
SOC \(KN/mm) 3 9 -/./_\.\-7“/\ ﬁ; /./. \\’/.
o | s08 | 426 | 617 [ 621 i S s, T S e
30% 909 64.5 67.7 757 - =
50% 714 455 59.2 67.6
80% 833 66.7 69.8 77.6
100% 714 61.5 65.2 69.6
Expansion stiffness Conclusion

P s | et (| s s 1. The expansion stiffness changes regularly with charging and
. OQ:NMM) 339 37.0 404 44.9 diSCharging'
23: 333 3;‘; ggg 332 2. The difference between expansion stiffness and compression
1o | at2 | a5 572 | 430 stiffness is obvious.
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I3 Battery Pressure Distribution Film

I (1) Application

| Test Chamber
| Stress
| %/ &Thickness

 — 2

Stress seasor collection

[Pressure controlsysteny I
Thickness sensor Stress sensor film
7
W
Battery tester

I (2) Features

Real-time display of force-time curve

Real-time synchronization of charge & discharge data

LL 1]

One click test data export

Visualization of cell pressure distribution (Uniformity)

122 22 19

mmmmm Tape free area

Distribution film + data collector

Model Table

Range (MPa) | Points Supported |Precision| Thickness

Collection Equipment

multi-channel Software
data recorder

Software

0.2-2MPa, 0.3-3MPa
BPD1100-M to be converted according  3%~10% <0.35mm

-’ It's able to support up to
| 2288 points,but it needs
i

0.5-5Mpa, 1-10MPa

to the area. It can
support up to 248/cm?

It can support up to 9152

! 0.2-2MPa, 0.3-3MPa points. But it needs to be
@ ﬂff SIPDILIEHL 0.5-5Mpa, 1-10MPa  converted according to 3%~10% <0.35mm
syl ' the area. It can support
up to 248/cm?

1.Data transmission:USB2.0
2.Equipment interface: quick
self-locking aviation plug interface
3.system power consumption:
2.5w (5V,0.5A)

4.Scanning frequency: MAX 100Hz
5.pressure resolution: 256 (8bit)
6.Equipment weight: less than 1KG

1. Pressure lattice, 2D and 3D three-dimensional
color scale images.

2. Real-time pressure distribution data automatic
analysis function, recording and storage.

3. Able to record and stop, load recording files,
fast forward, rewind, and slow playback. Pressure
distribution images, mountain contours, thermal
images.

4. Real-time display of the pressure value of each
sensing unit, pressure data area, and pressure and
time curves,etc.

5. Pressure distribution data import and export,etc.
6. Select a more suitable range according to the

application scenario software.

Note: IEST prioritizes continuous product updates, and our specifications are subject to change without prior notice.

Multiple Measurement Ranges, Multiple Sensing Points, Multiple Software Features!
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Cylindrical Cell Leading Technology
Swe“i n g VOlu m e An a lyzer » High-precision Detection Technology » Rotational 3D Reconstruction Technology

X i Xg 2 x107 .
‘ 700 ) 7 SI =1.68x10-5 K-1 S0C=100% View=4°
600 % / Q° . e Spih 40
/ E 2l . ;,‘ 35 “
=500 & 1 30 20 ~
[}
3 400 | % / { uzu 30 40 £ 5
- o / Ten;perature (C) Optical imaging Z20 ot
> 300 | 1 *x107" . — $1s. &
© 6 -4 20 =
> 200! / / o4 | Edge localization 0] ”
Scan QR code 7 F2  smesos "l .
. 100 | |3 0 enashatwi .
for details 7,4 . | <€
B L 2z, ] i) = 1 “
R STt %% 21 23 33 340 34 0 12 24 3% a8 isinlioe) ‘o ° A
X axis (pixel) Time (h) s (i)
1pm 1280x400
’ Measurement accuracy The number of sampling

points increased by ten

10pum increased tenfold 10-100

thousand times

> Optical Imaging + 3D Reconstruction + Real-time Online Monitoring

) Application Case

» Non-contact, Non-destructive

> High-throughput testing, suitable for mass production

aE Voltage Vs AV 05 15,000 dQ/dV Vs AV 05

3.6 ,_._._-_-.—_—---'-'/”__ 0.4 12,000 1 04
. T Y g =~ "’/— —~ I
H . . . - Q) a 3
VO Naiiod ‘ § Real time reconstruction of battery surface morphology and calculation i 27 f - is1voltage {038 _g 9,000 03 8
in operando - of volume deformation during charge and discharge processes. 8 g | e St 1023 € 6000 | ~S1ddv o023
H S ——s1AV/VO a ----S2 dQ/dV 3

o i : Combining voltage and current data to detect and predict battery health o8 ——s2 AV/VO | - 3000 | ——S18vNO 1 o1

O S ——— condition from a higher dimension. o . . —s2av/Nvo : .
) 0 1000 2000 3000 4000 5000 1.5 2.0 2.5 3.0 35 4.0
Capacity (mAh) Voltage (V)

21700 Cell parameters:Sample 1-15%SiC ; Sample 2-10%SiC

3 Model Table

CCS1400

Optical Detection . )
Resolution Weight Size(WX DX H)

The volume swelling curve during formation shows that as the silicon content increases, the volume swelling during
formation process increases, and the peak corresponding to lithium intercalation on the differential capacity curve

becomes higher.

Compatible Cell Channel Number

Cylindrical Cell 4 0.1um 900kg 2500x2600x1850 mm

Note: IEST prioritizes continuous product updates, and our specifications are subject to change without prior notice.
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Electrochemical Pro pe " I} High-Precision Current & Voltage Testing

’

Accuracy Comparison — IEST: 0.01% VS Others: 0.05%

Accurate Coulombic Efficiency (CE) L 2l Rapid Life Prediction
Qy(n-1) Qg (n+1
> Q.(n) Q,(n) . . -
~ " Evaluation of Internal Side [~ Material Performance
g High Reactions in Batteries Evaluation
o -Precision
O Character
° -ization Analysis of Battery Capacity " A
> Degradation Factors Ll CellFailure Analysis
Scan QR COde One Cycle Time
q Prediction of Internal
f d t -l Leakage Current Evaluation -—) Short Circuit
Run Time/ h

The 0.01% testing accuracy can precisely measure the specific capacity of new materials and detect subtle side
reactions during the initial stages of battery cycling. This allows for a comprehensive performance evaluation and
lifetime prediction of the battery in a short period.

I3 Model Table CV&EIS + Battery Cycler

s )
;::‘:" .’}'ir
' _r Traditional method g and disghara™®
m Product Name m Current Range Description Wirng Temperatura Control + EIS Tasting

Number of channel: 8 tation jorkstation

Four range auto switch Voltage range: £5V
ECT6008 - 5V/100mA 0.1mA, 1mA, 10mA, 100mA Maximum sampling rate: 10 SPS
Electrochemical Response time: 5 ms
1 Performance Analyzer Accuracy: 0.01% ihcubator
ECT Series Four range auto switch CV&LSV:none ) ]
ECT6008 - 5V12A 12mA, 120 mA, 1.2, 12A Temperature range: 10 ~ 80°C (optional)
Functions: Voltage-current-time curve, Capacity-cycle curve, .
— IDEDEDIDIDED TOED
Number of channel: 8 f I
Four range auto switch Voltage range: =5V m
ER IS 0.ImA, ImA, 10mA, 100mA Maximum sampling rate: 10 SPS
Electrochemical Response time: 5 ms
2 Performance Analyzer Accuracy: 0.01% —
: -avai IEST Method
ERT-6 Series Four range auto switch CV &LSV:available

ERT6008-5V12A 12mA, 120 mA, 1.2A, 12A Temperature range: 10 ~ 80°C
Functions: Voltage-current-time curve, Capacity-cycle curve,

dV/dQ & dV/dQ curve, DCIR analysis, GITT, PITT, CA-CP 0.20 - . . . . . . T . - . . - -
o1sl o, 1 00005 - ® EIS Result of IEST "o 0010 = EIS Resultof IEST B
Four range auto switch Number of channel: 8 : ° P © EIS Resultof Other Brand 52 o EIS Result of Other Brand £
ERT7008-5V 100mA 0.1mA, ImA, 10mA, 100mA Voltage: 5V 0161 Ba 5 e 0.0004 - ou 0.008 - c:.
Electrochemical AEAIRER QIS s = K 00 = 00003 o
CV&LSV&EIS:available gotr = el o N g 00081 j
3 Performance Analyzer o E 010} Do" E ou” Y E
ERT.7 Series . Temperature range: -20 ~ 80°C I & N 0,0002 - > & <§ Cm N
1;°u/; rla;ge j\unl) ;VAV'tlczr}\ Functions: Voltage-current-time curve, Capacity-cycle curve, 0.06 ‘,O ] om o ) a“’
ERTT008-5V12A ifR, DAY R, 122 dV/dQ & dV/dQ curve, DCIR analysis, GITT, PITT, CA-CP oot 8 u EISResultoflEST 1 00001 :.q', .
EISfrequency range: 100k~ 0.01Hz 004 © EIS Resultof Other Brand 05000 ) : ) .
02 03 04 05 06 07 08 09 ) 0.0004 0.0008 e.0012 0.0018 0005 0010 0015 0020 0025 0030
Zre () 2re (£2) Zre (€)

Note: [EST prioritizes continuous product u

Minimize wiring, handling, and temperature adjustments, streamline operations
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) IEST Innovative Solutions

45001

45

Current / mA

44999

44998

Voltage-Time

Example of constant voltage control

+Setvalue:4.5V
*Measured value:4.5V & 100uV

ECT & ERT Series Products

100.006

100.002

Current / mA
©
8
i
8

99.994

99.99

0 20 40 60 80
Time/s

100

% Accuracy set at below 0.01% Product Test Items Function
Constant current, constant voltage, . .
L 1 e Comentonal chrdngand
Il [l Rah s e b I | All Series resistance, rate mode, etc.
Sy A e A -
ECT/ERT Capacity-cycle curve, dQ/dV tSﬁutéyf}he'relatlonshlp lf:)etvs{fen
X e diffusion process of matter
All Series curve, dv/dQ curve, etc. and charge transfer
0 20 a0 60 a0 100 ECT/ERT Study the relationship between
Time/s N / . PITT.GITT.DCIR the diffusion process of matter
All Series and charge transfer
ECT/ERT Record the change of potential/current
Example of Constant Current Control All Series CA.CP with time under constant current or
+Set value: 100mA constant voltage
~Measured value:100mA % 5pA ERT CV.LSV Apply linear voltage and record
All Series ) current-voltage curve
Current-Time i g
% Accuracy within 0.01% of the set value
ERT-6Series/ Study the relationship between
ERT-7Series EIS electrochemical impedance and

frequency

Equipped with a 24-bit ADC and 16-bit DAC, achieving
high-precision voltage and current control and testing.

B Offer common functions of an electrochemical workstation

The ERT series includes common electrochemical workstation functions such as CV, LSV, EIS, CA, and CP.

Zim (ohms)

Case 1: EIS Test

000
0.008 0.010 0012 0014 0016 0.018 0.020

Zre (ohms)

2.2Ah Pouch cell Impedance Test
[Frequency: 100KHz~0.1Hz]
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Case 2: Cyclic EIS Test

Number of cycles

Case 3:

CV (Cyclic Voltammetry) Test

Current/A

-30
24

32 3.6 4.0 4.4
Voltage/v

CV test of 120mAh Pouch cell

[Scan speed: 1mV/s]

Case4:CA-CP Test
0.16 352
0.12 3.50
Es o " C EIS )
é 0.04 ; (
3461 CV )
0.00
0 50 100 Timx:o 200 250 ey 20 40 lf."m . 80 100 120 ( LSV )
. D)
120mAh Pouch cell CA Test 120mAh Pouch cell CP Test
o D)
C GITT )

Eliminate switching time between instruments

BB Comparison of EIS results with other electrochemical workstations

High-frequency EIS impedance: 0.01Hz~100kHz, meeting the high-frequency impedance test requirements of 1
0mQ~kQ level batteries

Coincell-4.15V-25°C
100kHz~0.1Hz 10mV PEIS

2Ah Pouchcell-3.19V-25°C
100kHz~0.1Hz 8OmA GEIS

35 0.05
3 0.04
25
—8—IEST 0.03 —®—IEST
‘_CJ- 2 —8—Else _g_ 0.02 —8—Else
0.01
1
0.5 0
0.ps
0 : . . . . . 001

0 0.5 1 LIZ4/02 25 3 3.5

Compared with the EIS test results of well-known foreign electrochemical workstations, the error is within 5%.
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Battery Impedance Tester

Scan QR code
for details

@ EIS Test for Large-capacity Batteries (Single & Cycle test)

© Battery Consistency Screening (Abnormal Battery Screening)

© SOH Rapid Estimation (Cascade Utilization)

© Battery Failure Analysis (Production Problem Troubleshooting)

I3 Model Table

- Battery Impedance Tester

Physical picture

Model

Voltage control
accuracy

Current control
accuracy

EIS frequency range

EIS test range

Applicable battery
capacity

Note: IEST prioritizes continuous product updates, and our specifications are subject to change without prior notice.
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BIT6000

10.006% F.S

10.05% F.S

1500Hz ~ 0.1 Hz

0.05mQ ~ 100mQ

2~1000A lithium-ion battery

Adjustable Prismatic
Battery Test Bracket

APTB1000

Applicable to all kinds of prismatic
batteries

Maximum length*width*height
284%94+255 mm

Maximum tab spacing
40 ~ 240 mm

(Other sizes can be customized)

Adjustable Cylindrical
Battery Test Bracket

ACTB1000

Applicable to cylindrical
batteries18650/21700, etc.

Maximum length
130 mm

Diameter range
18 ~ 50 mm

(Other sizes can be customized)

) Background

Battery Manufacturers

Q1:The larger the battery capacity, the smaller the internal resistance. Traditional electrochemical workstations cannot
perform effective testing and they are expensive if used with current amplifiers;

Q2: Different batteries can’ t be distinguished by OCV or 1000Hz ACIR alone. How can the batteries be sorted more finely?
Q3:If there is an abnormality in the battery, how can we quickly locate the production problem? Is it a poor welding? Or a

poor formation? Or is it a material failure?

Battery Use & Recycling Companies
Q4:How to judge the consistency of the battery before assembling the battery module? OCV or 1000Hz ACIR alone can no
longer meet the requirements;

Q5:Are there differences between the same type of batteries purchased from different manufacturers? Can they be mixed?

Q6:How much SOH is left for recycled or disassembled batteries? How to perform cascade utilization?

Problem Screening Group Detection

Production & Shipment

EIS test of battery with large capacity & low internal resistance

EIS Test for 280Ah LFP Battery (1500 Hz~0.1 Hz) Frequency vs. Total Test Time

01 —w— Easily test EIS of batteries
1st Test @ 0.1Hz-50s ity ) = .
ool * 2nd Test "".__.—"". with large capacity and 50 =
1Hz-5s low internal resistance .
-0.14 —~~
T9Hz-0.08s ‘: « 40 4 For example:

-0.2 4 . qé - * Sweep test 1500 ~ 1.5 Hz, total time is about 5s

aE‘ 03] . Fast EIS test, 1Hzimpedance *:‘n oF Sweep test 1500 ~ 0.1Hz, total time is about 50s
1
= only takes 5 seconds £
E 044 + Y 9 20 "
N 2z i .
L ] —_ [
0.5 | g .
064 Can be used with various e 1or "¢
1500Hz-0.01s ' . .
fixtures and automation L1 T
074 L ) 0+ Ll LTI LTI T
T T T T T T T T T T T 1 eqUIpment : ; ¥ x ¥
0.14 0.16 0.18 0.20 0.22 024 0.26 0.28 0.30 0.32 0.34 0.36 01 1 10 100 1000
Zre (mQ) Frequency (Hz)

Support customization of various test lines or fixtures

20 )
® ®

Ejector (four-wire
method))

Prismatic
battery fixture

The EIS test frequency range can be adjusted according to the production line progress and process section
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) Eis test during battery cycling

+

Any cycler

Save the switching time between "temperature adjustment < charge and discharge

Capacity

Cycle Number

instrument < electrochemical workstation"

Aging Mechanism Research[1]
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Battery Life Prediction[2]
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[1] J. Phys. Chem. C, 127 4465-4495 (2023);
[2] J. Power Sources, 576 233139 (2023);

B Battery consistency screening (abnormal battery screening)

P Traditional battery sorting method

Valtage (V)
5t

A batch of batteries "to be used"

Choose batteries with
consistent "OCV"

Assemble into battery module

D IEST's battery sorting method

BIT6000

<3

dii |

Abatch of
batteries "to ‘ Ii
be used" f,’ T
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Hidden Layer 1 Hidden Layer 2

e

[} Unable to solve the problem
of inconsistent charging and
discharging

Test the EIS curves and
classify it using a neural
network algorithm

Choose batteries
with consistent "EIS"

Assemble into battery
module

’7Ensure the consistency of
batteries in the module

@ SOH rapid estimation (cascade utilization)

Traditional battery grading and cascade utilization:

1. A batch of recycled batteries

2. Charge and discharge the batteries

3. Grouping and tiered utilization based on capacity

g

3Three major disadvantages:

IEST's rapid grading solution:

1. Abatch of recycled batteries

2. Perform EIS test on the batteries

3. According to the correlation model between EIS and
capacity, conduct rapid capacity division

Theoretical Background[“

0.8 =
- 43:}-
& BOLh
0.6 % Liou
2001k 1]
: .
ED.'I
S SOH SOH SOH
Eoz 100% 90% 80%
0.0
0.3 n,.s D,‘Q 1,‘2 l,‘s

+ Longgrading time
+ High power consumption

+ Many channels occupied

Re(Z) (ohm)

[1] J. Power Sources, 576 233139 (2023);

As the battery health (SOH) decreases, its EIS test results
will also change accordingly

. BIT6000

A0 Al o II
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A batch of recycled batteries
(different SOH)

{

—

+ i ; ;

SOH rapid prediction model based on EIS test

SOH estimation accuracy <5% (big data modeling required)

) Applications:

<

Battery Recycling &
Cascade Utilization

Battery Pack After-Sales Outlets Used Car Recycling
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a Battery cell failure analysis (production problem troubleshooting)

Distribution of Relaxation Times (DRT) analysis is a mathematical method for analyzing EIS spectra. Different from

conventional equivalent circuit fitting, DRT analysis can avoid various problems such as

@ the fitting model depends on the initial value;

@the fitting result is distorted;

® different models can be fitted, but the mechanism explanation is not unified.
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bel ! Problem
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oat0 Problem
000 Analysis
0.006 .
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0002

Contact impedance R : The sum of all electronic resistances inside the
battery, which is related to various problems

Contact impedance R. ¢ Areal:problems such as poor soldering of
the tab and poor contact

SEI film impedance Rs: <> Area2:problems such as poor formation
folding and wrinkling of the electrode

Charge transfer impedance R« <> Area3:problems such as poor
interface dynamics and lithium precipitation

lon diffusion impedance Rar ¢ Area4:problems such as poor
electrode compaction and poor electrolyte infiltration

v Tab cold soldering, v Poor formation,
Abnormal Rc Abnormal Rsei

&

v Poor dynamics,
Abnormal Ret

v Material failure,
Abnormal Ruiff

2 KeyAchievement

© 700+ Customers served

© 2500+ Instruments supplied
© 5 National Testing Standards drafted

© 100+ LIBs Testing Patents granted

© 230+ Application Articles published

© 20+ papers in leading journals published
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