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Battery Materials

LECO Corporation; St. Joseph, Michigan USA

Introduction

Graphite is the most widely used anode material in
Lithium-ion batteries due to its low cost and favorable
energy density. However, researchers continue to explore
alternative Carbon-based materials and additives to
enhance conductivity and overall performance.
Traditionally, quality control has focused on ensuring
that Carbon-based battery materials have minimal
moisture and ash content. Excess moisture can severely
degrade battery performance, reducing cycle life and
discharge capacity. Elevated ash levels often indicate the
presence of impurities, including metals introduced
during mining or processing. Both parameters are critical
for maintaining electrochemical performance and
ensuring consumer safety.

Instrument Model and Configuration
Thermogravimetric analysis (TGA) is an analytical
technique in which changes in sample mass, due to
changes in the physical and chemical properties of
materials, are measured as a function of temperature
and time. TGA is commonly used to determine selected
characteristics of materials that exhibit either mass loss
or gain due to decomposition, oxidation, or loss of
volatile materials such as moisture. Macro TGA systems
typically use a nominal one-gram sample mass to allow
more accurate mass change measurements in
heterogeneous materials.

The LECO TGAB801 is a macro thermogravimetric
analyzer designed to determine moisture, volatile, and
ash content of materials by measuring the change in
mass of the sample as a function of the oven
temperature while controlling the atmosphere and
ventilation rate. The TGA801 allows up to 19 samples to
be analyzed simultaneously.

Method Reference*

ASTM C561: Standard Test Method for Ash in a Graphite
Sample

ASTM C562: Standard Test Method for Moisture in a
Graphite Sample

*Modified versions of ASTM C561 and ASTM C562 were utilized
for the generation of data included in this application note.

Sample Preparation

Samples must be of a uniform consistency to produce
suitable results. Typically, samples should be ground to a
fineness of <1.0 mm.

Note: Please reference the appropriate Safety Data Sheets (SDS)
for safe handling of all reference materials and samples.

EMPOWERING RESULTS

Accessories
621-331 Ceramic Crucibles, 621-011-507 Double Ended
Scoop.

Sample Mass ~1.0¢

Note: A reduced sample mass (~ 0.5 g) may be required for
samples with a high free-swelling index.

Analysis Time

Method 1: ~7.5h
Method 2: ~4.0h
Methodology

Two different methods were utilized for the determination
of ash when generating data for this application note. The
first method closely follows the ash steps detailed in ASTM
C561. The second method is an alternative method
utilizing fewer ash steps, resulting in a faster analysis time
with comparable results.

General Method Parameters

Crucible Type Ceramic
Minimum Crucible Weight 19.0000
Maximum Crucible Weight 30.0000
Crucible Density 3.0

Lid Density 3.0
Sample Type Other
Sample Density 2.3
Minimum Sample Weight 0.4000
Maximum Sample Weight 1.2000



Method Step Parameters

Moisture

Step Type

Preset Method Step
Cooling Option
Crucible Lids

Start Temperature
End Temperature
Ramp Rate

Hold Time
Maximum Time
Atmosphere

Flow Rate

Final Weight
Constancy Window
Constancy Level

Ash Step-1

Step Type

Step Name
Cooling Option
Crucible Lids
Start Temperature
End Temperature
Ramp Rate

Hold Time
Maximum Time
Atmosphere
Flow Rate

Final Weight

Ash Step-2

Step Type

Step Name
Cooling Option
Crucible Lids
Start Temperature
End Temperature
Ramp Rate

Hold Time
Maximum Time
Atmosphere

Flow Rate

Final Weight
Constancy Window
Constancy Level

Ash
Step Type

Preset Method Step/Step Name

Cooling Option
Crucible Lids
Start Temperature
End Temperature
Ramp Rate

Hold Time
Maximum Time
Atmosphere

Flow Rate

Final Weight
Constancy Window
Constancy Level

Method 1
Preset
Moisture
Active

No

25.0 °C
110.0 °C
6.0 °C/min
15 min
180 min
Air

10.0 LPM
At Constancy
9 min
0.0005 g

Method 1
Custom
Ash Step-1
Active

No

110.0 °C
500.0 °C
6.0 °C/min
2 min

180 min
Oxygen
8.0 LPM
At End Of Step

Method 1
Custom
Ash Step-2
Active

No

500.0 °C
750.0 °C
4.0 °C/min
30 min
600 min
Oxygen
8.0 LPM
At Constancy
9 min
0.0005 g

Method 1
Preset

Ash

Active

No

750.0 °C
950.0 °C
5.0 °C/min
60 min
420 min
Oxygen
8.0 LPM
At Constancy
9 min
0.0005 g

Method 2
Preset
Moisture
Active

No
25.0°C
110.0 °C
8.0 °C/min
15 min
180 min
Air

10.0 LPM
At Constancy
9 min
0.0005 g

Method 2
Custom

Ash Step-1
Active

No

110.0 °C
500.0 °C
15.0 °C/min
2 min

180 min
Oxygen

8.0 LPM

At End Of Step

Method 2

Method 2
Custom
Ash

Active

No

500.0 °C
950.0 °C
4.0 °C/min
30 min
360 min
Oxygen
8.0 LPM
At Constancy
9 min
0.0005 g



Method Step Calculations - Moisture

Calculation Type Preset

Preset Method Step Moisture

Measurement Type Mass Ratio

Enable Calibration Disabled

Moisture Calculation (((Initial Mass — Moisture Mass)) + Initial Mass)
Method Step Calculations - Ash

Calculation Type Preset

Preset Method Step Ash

Measurement Type Mass Ratio

Enable Calibration Disabled

Ash Calculation (Ash Mass =+ Initial Mass)
Method Step Calculations - Ash Dry

Calculation Type Preset

Preset Method Step Ash Dry

Measurement Type Mass Ratio

Enable Calibration Disabled

Ash Dry Calculation (Ash x ((1 + ((1 — Moisture)))))
Procedure

1. Create and/or select a method using the Method Step Parameters listed above, following the procedure outlined in the
TGA801 Instruction Manual.
2. Login and load samples following the procedure outlined in the TGA801 Instruction Manual.



Typical Results

Method 1 Method 2
Sample MIZ;ZG(L) % Moisture % Ash % Ash Dry M’Zgg’?;) % Moisture % Ash % Ash Dry
Graphite Powder 1.0790 0.06 0.31 0.31 1.0035 0.05 0.31 0.31
Thermo Fisher Scientific 1.0439 0.05 0.33 0.33 1.0059 0.06 0.29 0.29
(385031000) 1.0842 0.05 0.34 0.34 1.0022 0.10 0.33 0.33
1.0515 0.05 0.33 0.33 1.0113 0.09 0.30 0.30
1.0160 0.05 0.33 0.33 1.0210 0.05 0.32 0.32
x = 0.05 0.33 0.33 x = 0.07 0.31 0.31
s = <0.01 0.01 0.01 s = 0.02 0.02 0.02
Hard Carbon Powder 1.0006 1.57 0.31 0.32 1.0277 1.62 0.30 0.30
MSE Supplies (PO0199) 1.0203 1.58 0.27 0.28 1.0161 1.63 0.25 0.25
1.0074 1.58 0.28 0.29 1.0192 1.65 0.30 0.30
1.0226 1.66 0.27 0.28 1.0220 1.63 0.28 0.28
1.0081 1.59 0.31 0.31 1.0318 1.66 0.27 0.28
x= 1.60 0.29 0.29 x = 1.64 0.28 0.28
s = 0.04 0.02 0.02 s = 0.02 0.02 0.02
Natural Graphite 1.0047 <0.03** <0.03** <0.03** 1.0223 <0.03** <0.03** <0.03**
MSE Supplies (PO0125) 1.0233 <0.03** <0.03** <0.03** 1.0095 <0.03** <0.03** <0.03**
1.0061 <0.03**  <0.03**  <0.03** 1.0043 <0.03**  <0.03**  <0.03**
1.0242 <0.03**  <0.03**  <0.03** 1.0372 <0.03**  <0.03**  <0.03**
1.0164 <0.03**  <0.03**  <0.03** 1.0255 <0.03**  <0.03**  <0.03**
x = -- -- -- x= -- -- --

** Results were below the readability limit of the instrument when analyzing samples at a 1.0 g sample mass.

x = sample mean; s = sample standard deviation
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