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Density of Battery Components: Versatility of Gas 
Pycnometry in Measuring Powders, Films, and Slurries 
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Measuring the skeletal density of materials in the battery industry can advance applications in 
energy storage and battery longevity. Gas pycnometry using the Anton Paar Ultrapyc 5000 is 
well-suited to accurately and repeatably measure samples ranging from powders to films to 

semi-solids and has been utilized to measure skeletal density of components including 
electrode powders, separator films, and battery slurries. The skeletal densities of the various 

components were measured and the data is presented and discussed. 

 

 

1 Introduction 

Batteries are ubiquitous in everyday life - from vehicles to 
cell phones to household appliances. Therefore, 
researchers are working energetically to improve battery 
performance and longevity. 
One critical property of battery components is the 
skeletal density, which can be correlated to energy 
density, purity, crystallinity, capacity, temperature 
dependence, and lifetime. The components of batteries 
can be analyzed for skeletal density using gas 
pycnometry. This technique is favorable because it is 
quick and non-destructive, and is applicable to all of the 
main battery components (including metallic powders, 
polymer separators, and electrode slurries).  

One example of the importance and use of skeletal 
density is given by Gomez-Martin et al. [1]. They show 
that the temperatures used in creating some carbon 
battery components can impact their skeletal density as 

shown by the different temperatures at which they are 
synthesized. For example, the temperature at which 
different materials undergo pyrolysis affects their density 
values. This group measured the density of carbonized 
materials using the Ultrapyc series and showed that, with 
increasing pyrolysis temperatures, the skeletal density 
decreased. 

In the following sections, we will detail options for 
analyzing electrode powders (anode and cathode 
materials), thin films (battery separators), and semi 
solids (electrode slurry). 
All samples were measured using the Anton Paar 
Ultrapyc 5000 gas pycnometer. This instrument is the 
only gas pycnometer on the market to feature bi-
directional gas flow capability (PowderProtect Mode); 
it enables the gas to expand from the sample 
chamber to the reference chamber or vice versa (refer 
to Figure 1 and Figure 2). This unique feature 
minimizes the effects of powder elutriation or vapor 
pressure of the slurry’s solvent and is a contributor to 
the accurate density measurement of the cathode / 
anode powders and electrode slurry used in this 
study. 

 
Figure 1: Sample First Mode - Gas flow direction from the sample 
chamber to the reference chamber 
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Figure 2: PowderProtect Mode: Gas flow direction from the 
reference chamber to the sample chamber 

The Ultrapyc 5000 uses Archimedes’ principle of fluid 
displacement and Boyle’s Law of gas expansion to 
accurately measure the volume of solid and semi-solid 
materials. The instrument uses the resulting volume 
value and the known mass to calculate the density. 
Equation 1 (Boyle’s Law): 
𝑃𝑃1𝑉𝑉1 = 𝑃𝑃2𝑉𝑉2 
where: 

P1 is first pressure  

V1 is first volume  

P2 is second pressure  

V2 is second volume 

Equation 2 (Sample volume calculation): 

Vsample = Vcell – Vexp ( P2
P1− P2

) 

where:  

Vsample is calculated sample volume  

Vcell is calibrated sample compartment volume  

Vexp is calibrated expansion volume  

P1 is measured gas pressure (when only the sample cell is 
pressurized) P2 is measured gas pressure (after expansion)  
 
Constant temperature is a fundamental assumption when 
applying Boyle’s Law. Even small fluctuations in ambient 
temperature can impact measurement results.  
Ultrapyc 5000 instruments are built with Peltier 
temperature control to reduce the effect of temperature 
on measurements by delivering temperature stability 
values with ± 0.05% accuracy over a wide range (from 
15-50 ºC).  
Different battery components benefit from the  
Ultrapyc 5000 extensive array of settings and options. 
Sample-dependent cell sizes, preparation modes, and 
multiple flow rates are just some of the options that can 
be customized to your sample type.  

2 Electrode Powders 

2.1 Experimental Setup for Anode and Cathode 
Powders 

The skeletal density of anode powders (such as lithium 
oxides, silica, and others) is often measured to correlate 
it to crystallinity and purity. The purity of battery materials 

is an important factor, because unadulterated materials 
typically lead to an increase in the battery’s performance 
and longevity. The parameters listed in Table 1 were 
used to measure the density of anode (graphite) and 
cathode (lithium carbonate) powders, using Reference 
First mode and helium gas at 10 psig (instead of the 
typically recommended 18 psig) to reduce the risk of 
elutriation. 

Parameter Setting Parameter Settings 

Cell Size Small Temperature 20 ºC 

Gas Type Helium Flow Mode Fine 
Powder 

Target 
Pressure 10 psig Preparation 

Mode Pulse, 30  

Flow 
Direction 

Reference 
First End Mode 

Better 
than 
0.01% 

Equilibration Pressure Maximum 
Runs 15 

  Runs to 
Average 3 

Table 1: Analysis parameters of anode and cathode powders 

 
For graphite, the sample was prepared by degassing it at 
300 °C under vacuum for 3 hours and then transferring it 
to the sample cell in the helium atmosphere. This was 
necessary to remove excess water and other 
contaminates that may have been present. It produced 
reliable, accurate, and consistent results close to the 
theoretical value of 2.26 g/cm3. These are listed in Table 
2 and show excellent repeatability within the sample 
analysis and with published values. Deviations from the 
theoretical value of graphite can be due to impurities 
within the sample itself. When the theoretical skeletal 
density of a material is known, the percentage of 
impurities can be calculated from the difference between 
the measured and theoretical values. 

Material Density (g/cm3) Volume (cm3) 

Run 1 2.2814 1.4257 

Run 2 2.2824 1.4263 
Table 2: Graphite powder density measurement results 

In another study, the skeletal density of a series of three 
carbon electrode powders was measured to determine 
relative crystallinity of the carbons. Small, but repeatable 
differences in the density were observed, where the 
carbon with the largest density represents the highest 
crystallinity material [2]. 
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2.3 Results and Discussion: Cathode 
Lithium carbonate is a white salt, inorganic compound 
(with a mixture of lithium, carbon, and oxygen) that is 
used as a cathode material. Incorporating lithium 
compounds into batteries can expand their production 
and applications, especially for rechargeable batteries, to 
increase their ability to recharge and impart a higher 
energy density (for maintaining a charge).  
For the cathode powder, three aliquots of lithium 
carbonate powder were measured. Because lithium 
carbonate is an inorganic compound that is anhydrous, 
no external pre-treatment was needed. The data below 
shows good repeatability of the samples with a low 
standard deviation of density values. 

Material Mass  
(g) 

Density 
(g/cm3) 

Volume 
(cm3) 

LiCO3 Sample 1  3. 2545 2. 1149 1. 5389 

LiCO3 Sample 2 3.3024 2.1121 1.5635 

LiCO3 Sample 3 4.6919 2.1045 2.2294 

Average  2.1105  

Standard Deviation  0.0044  

Reproducibility (%)  0.21  
Table 3: Lithium carbonate powder results 

3 Thin Film Battery Separator 

3.1 Experimental Setup for Thin Film Battery 
Separator 

A polymer-based battery separator was analyzed and the 
parameters used are outlined in Table 4. This type of 
sample is typically a thin polymer sheet. So, the sample 
was rolled and added to the micro cell of the 
Ultraypyc 5000 Micro. Nitrogen gas was used as the 
preferred inert gas for polymers (helium may absorb into 
the framework), with a Monolith flow rate in the Sample 
First flow direction because there is no risk of elutriation 
with this type of sample. 
 
 
 

 
 
 
 

 
 

Parameter Setting Parameter Setting 

Cell Size Micro  Temperature 20 ºC 

Gas Type Nitrogen Flow Mode Monolith 

Target 
Pressure 

18 psig 
Preparation 
Mode 

Flow, 1 
minute 

Flow 
Direction 

Sample 
First End Mode 

Better 
than 
0.01% 

Equilibration Pressure Maximum 
Runs 

15 

  Runs to 
Average 

3 

Table 4: Analysis parameters of a polymer-based battery separator 

3.2 Results and Discussion 
The results in Table 5 show good reproducibility from 
three cuttings of a polymer battery separator. For these 
solid samples, the parameters chosen above also yield a 
rapid analysis time of typically less than 15 minutes. 

Material Mass 
(g) 

Density 
(g/cm3) 

Volume 
(cm3) 

Battery Separator 1  1.5327 1.4308 1.0712 

Battery Separator 2 2.1823 1.4317 1.5242 

Battery Separator 2 
(repeat) 

2.1823 1.4319 1.5240 

Battery Separator 3 2.1741 1.4461 1.5034 

Average  1.4351  

Standard Deviation  0.0064  

Reproducibility (%)  0.44  
Table 5: Density results of a polymer-based battery separator 

A micro/nanofiber-based battery separator was analyzed 
using a small cell that accommodated the size of one 
sheet. Other conditions were kept similar to the analysis 
of the polymer-based separator, with nitrogen being the 
analysis gas, and a target pressure of 18 psig. The data 
in Table 6 show that this separator has a slightly higher 
density than the polymer-based separators, and the data 
is reproducible for replicate analysis. 
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Fiber-based  
Separator 

Density 
(g/cm3) Volume 

Run 1 1.5342 1.9393 

Run 2 1.5325 1.9414 

Run 3 1.5331 1.9407 

Average 1.5333  

Standard Deviation 0.00007  

Reproducibility (%) 0.05  
Table 6: Density results of a micro/nanofiber-based battery 
separator 

 

4.1 Experimental Setup for Electrode Slurry 
Coating slurries on a substrate is a common technique 
for manufacturing lithium battery anodes and cathodes. 
These slurries contain a large percentage of solid 
electrode particles with different particle sizes dispersed 
in highly viscous media. Thorough mixing of the particles 
in the slurry defines the quality and homogeneity of the 
final coating. Ball milling is normally used for 
homogenizing the particles in the slurry. Solid contents in 
slurries play an important role in the final performance of 
a battery; therefore, accurate measurement of the solid 
contents is crucial. 
The parameters in Table 7 were used to measure a 
material containing low boiling point liquid - silica in an 
organic solvent slurry. Of note is the lower temperature 
specified to reduce the effect of the organic solvent’s 
vapor pressure. 

4.2 Results and Discussion 

Material Density (g/cm3) 

Si 2.33 (ρS) 

Organic Solvent 0.789 (ρL) 

Slurry A 0.842 (ρY) 
Table 8: Density measurement results 

By knowing the individual densities of the solid and the 
liquid in a slurry, the percentage of solids by mass can 
be calculated from the density of the slurry using the 
following equation. 
Equation 3: 

 
where: 
ρS is the density of the solid 
ρL is the density of the liquid 
ρY is the density of the slurry  

 

The Ultrapyc 5000 is an excellent instrument for 
measuring the density of powders, solids, and slurries 
(semi-solids). Ultrapyc 5000 features such as: 
PowderProtect Mode, Peltier temperature control, and 
various flow rates make it an essential instrument in the 
research and development lab and the manufacturing 
plant for accurate and efficient sample screening.  
Skeletal density is a key parameter for all battery 
components because it can be related directly to a 
battery’s capability of providing high power and large 
energy density in combination with long life cycles, 
negligible memory effects, and reasonable costs in 
applications ranging from consumer electronics to power 
tools, medical instruments, and electric vehicles. 
Combining the skeletal density measurements with other 
types of structural analyses such as surface area and 
pore size [2], allows for a complete characterization and 
understanding of the material and its battery application. 

  

Parameter Setting Parameter Setting 

Cell Size Large Temperature 15 ºC 

Gas Type Helium Flow Mode Monolith 

Target 
Pressure 

18 psig 
Preparation 
Mode 

Flow 1 
minute 

Flow 
Direction 

Reference 
first End Mode 

Better 
than 
0.01% 

Equilibration 
Fixed time 
0.33 min 

Maximum 
Runs 

10 

  Runs to 
Average 

3 

Table 7: Analysis parameters of a slurry 
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