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(R) Recommended Practice for Determining Material Properties  
of Li-Battery Separator 

RATIONALE 

As the market for Li-battery continues to grow, due to the evolution of motive and stationary power applications, new 
separator concepts are being proposed for incorporation into the batteries, including solutions using a composite of different 
materials. Solutions include ceramic or high temperature polymer coatings for traditional separators, as well as other 
solutions incorporating high temperature fibers, high temperature polymers, or ceramic materials. The need for thermal 
stability is becoming important as the thickness of separators is reduced and the energy density of electrode materials 
increases. There are a variety of properties that should be measured and a variety of methodologies to perform testing. 
This Recommended Practice (RP) provides a set of test methods for the characterization of the Li-battery separator’s 
properties, which, if used consistently across different materials, will facilitate the comparison of the properties of Li-battery 
separator. 

INTRODUCTION 

It is important for the Li-ion battery separator user to evaluate and define the specific design characteristics needed for the 
fabrication of a battery separator. The separator must be physically durable and electrically isolate the anode from the 
cathode, and porous enough to allow the transfer of ions between anode and cathode. This RP describes the test methods 
required for the separator user to evaluate the material characteristics to be used for a good separator design. 
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1. SCOPE 

This SAE RP provides a set of test methods and practices for the characterization of the properties of Li-battery separator.  

The test methods in this RP have been grouped into one of three categories:  

1. Separator material parameters: Minimum set of separator properties to be measured. 

2. Chemistry/customer-specific parameters: Properties that are dependent on the application, customer needs and/or 
requirements, manufacturing process, etc. This RP will include the current best practice methodologies for these tests, 
with an understanding that the best practice methodologies are evolving as more information is learned.  

3. R&D parameters: Properties that are dependent on the application, customer needs and/or requirements, 
manufacturing process, etc. The methodologies in this third section are under development and have not yet achieved 
broad application. 

It is not within the scope of this document to establish criteria for the test results, as this is usually established between the 
materials supplier and seperator manufacturer and the user. This is especially true where this document specifies a range 
of target values, or an open testing parameter. In these cases, the sample supplier and recipient must agree to specific 
numbers for the test parameters.  

2. REFERENCES 

2.1 Applicable Documents 

The following publications form a part of this specification to the extent specified herein. Unless otherwise indicated, the 
latest issue of SAE publications shall apply. 

2.1.1 SAE Publications 

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA 
and Canada) or +1 724-776-4970 (outside USA), www.sae.org.  

SAE J1715 Hybrid Electric Vehicle (HEV) and Electric Vehicle (EV) Terminology 

SAE J1715/2 Battery Terminology 

2.1.2 ASTM Publications 

Available from ASTM International, 100 Barr Harbor Drive, P.O. Box C700, West Conshohocken, PA 19428-2959, 
Tel: 610-832-9585, www.astm.org. 

ASTM D149-09 Dielectric Breakdown Voltage and Dielectric Strength of Solid Electrical Insulating Material at 
Commercial Power Frequencies 

ASTM D618-00 Standard Practice for Conditioning Plastics for Testing 

ASTM D726-94 Standard Test Method for Resistance of Nonporous Paper to Passage of Air 

ASTM D882-09 Standard Test Method for Tensile Properties of Thin Plastic Sheeting 

ASTM D1204-08 Standard Test Method for Linear Dimensional Changes on Nonrigid Thermoplastic sheeting or Film at 
Elevated Temperature 

ASTM D7334-08 Standard Test Method for Surface Wettability of Coatings, Substrates and Pigments by Advancing 
Contact Angle Measurement 

ASTM D2103-15 Standard Specifications for Polyethylene Film and Sheeting 
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ASTM D2873-94 Standard Test Method for Interior Porosity of Poly (Vinyl Chloride) (PVC) Resins by Mercury Intrusion 

Porosimetry.  

ASTM D3755-14 Standard Test Methods Dielectric Breakdown Voltage and Dielectric Strength of Solid Electrical 
Insulating Materials under Direct Voltage Stress  

ASTM D5947-06 Standard Test Methods for Physical Dimensions of Solid Plastic Specimens 

ASTM D6287-09 Standard Practice for Cutting Film and Sheeting Test Specimens  

ASTM E1294-89 Standard Test method for Pore Size Characteristics of Membrane Filters Using Automated Liquid 
Porosimeter 

ASTM F316-03 Standard Test Method for Pore Size Characteristics of Membrane Filters by Bubble Point and Mean 
Flow Pore Test  

2.1.3 Japan Industrial Standard (JIS) Publications 

Available from Japanese Standards Association, 4-1-24 Akasaka, Ninato-ku, Tokyo, 104-8440 Japan; Tel: 03-3588-8002; 
Fax: 03-3583-0462; http://www.jsa.or.jp/default_english.asp. 

JIS P 8117 Paper and board - Determination of air permeance and air resistance (medium range) - Gurley method 

2.1.4 United States Publications 

NASA/TM-2010-216099: “Battery Separator Characterization and Evaluation Procedures for NASA’s Advanced Lithium-Ion 
Batteries,” May 2010. 

USABC, “Original Shut Down Separator Test Procedure,” http://www.uscar.org/guest/article_view.php?articles_id=659.  

UL 2591, “Investigation for Battery Separator,” Issue 2, March 2009. 

ORNL/TM-2012/247, “Standard Test Method for Fatigue Evaluation of Polymeric Separators for Li-ion Cells,” E. Lara-Curzio 
and T.M. Trejo. 

3. DEFINITIONS 

Except as noted below, all definitions are in accordance with SAE J1715/1 and SAE J1715/2. 

4.  RECOMMENDATIONS AND SAMPLE PREPARATION 

4.1 Recommendations 

The test methods referenced in 2.1.2 and 2.1.3 should be used to evaluate the separator material parameters specified 
herein. Any changes or deviations to these test methods should be documented in the test results. The results portion of 
the Standard report of Section 8 should be completed upon termination of testing. 

4.2 Sample Preparation 

Except where indicated, the tests in this RP are to be performed at standard laboratory atmosphere, defined in 
ASTM D618-00, Section 3.  

Some of the test techniques discussed in the following section require preparation of samples with an accurate surface 
area. Preparation of such a sample is described in ASTM D6287-09. 

In all cases, samples should be conditioned (e.g., dried) using the manufacturer’s recommended practice. 
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Except where indicated, the tests of this RP are to be performed on a dry separator. It is possible that the addition of a 
solvent or electrolyte impact the performance of the separator. Users of this RP are urged to consider the interaction of the 
separator and solvent and perform tests on wet separators when deemed necessary, such as when a significant change in 
behavior is suspected to occur. The safety issues related with handling of electrolytes should be considered before doing 
the tests. 

5. SEPARATOR MATERIAL PARAMETERS 

5.1 Separator Film Thickness (µm) 

In order to accurately and repeatedly measure thickness, some degree of pressure is applied to the film.  

The acceptable pressure to be applied to the film during thickness measurement is determined by the film's porosity, 
composition, and compressibility. 

Compression modulus of the material should be taken under consideration when selecting the pressure to be applied when 
measuring thickness. The pressure which most closely simulates the pressure in a cell configuration should be considered. 
When reporting thickness, the measurement pressure should also be reported.  

Thickness measurements are described in the following documents, whose main difference is the pressure to be applied:  

ASTM D5947-06 Standard Test Methods for Physical Dimensions of Solid Plastic Specimens 

ASTM D2103-08 Standard Specifications for Polyethylene Film and Sheeting 

ISO 534:2011(E) Paper and Board Determination of Thickness, Density and Specific Volume  

The user is tasked with selecting the best method based on the criteria described above. 

Sample preparation: Preparation of the sample area is critical to accurate determination of the basis weight - repeatable 
surface area is necessary. A sufficient amount of sample needs to be prepared to yield a recordable value on the balance.  

Basis weight (g/cm2). 

Equipment specification: Balance accurate to 4 decimal places (±1 mg). 

Sample size: Surface area of at least 225 cm2 (equivalent of 15 x 15 cm). 

Measurement environment: Standard laboratory atmosphere (see Section 4). 

Measurement frequency: Measure each sample three times, and then average. 

Number of samples: ≥3. 

5.2 Air Permeability (Measure of Time Required for 100 mL of Air to Pass through Film) 

The method as described in JIS P 8117 is recommended with the following clarification: 

1. For rapid elution times, the head fitting may need to change to a smaller footprint (0.645 cm2 = 0.1 in2). This smaller 
head fitting increases elution time to improve measurement resolution. 

2. Normal head = 1 in2 = 6.45 cm2. 

In the event that the user does not have equipment to perform Gurley measurement, the alternative burette method, as 
described in ASTM D726-94 may be used, with the following clarification: 

3. The user must be able to transform the burette method result into an equivalent Gurley measurement result. The user 
is encouraged to measure Gurley and empirically determine the correlation factor.  
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5.3 Porosity 

5.3.1 Calculated Porosity 

Requirements: Thickness, basis weight, and specific gravity. For composite materials, a volume averaged specific gravity 
should be used. For coated or multi-layer materials, an average porosity may be reported, but it should be noted that the 
material is multi-layer. Volume averaged specific gravity is: ρavg = ρ1*V1 + ρ2*V2 + ρ3*V3 + …, where ρn is the density of each 
component material, and Vn is the percent of the total volume of each material. Comparatively, a mass normalized specific 
gravity will overweight the heavier materials and underweight the lighter materials.  

  

This calculation will yield an average porosity, which may differ layer by layer in coated materials. The user is encouraged 
to estimate the porosity on a layer-by-layer basis if possible, which must be made on a case-by-case basis.   

5.3.2 Absorption Method 

This method is recommended for materials of composite compositions where density is not known. Absoprtion techniques 
will measure porosity from blind pores and through pores. 

Procedure: 

1. The sample is to be conditioned per manufacturer’s recommendation. 

2. A liquid capable of wetting the substrate is to be used, preferably an oil or an alcohol, although the latter is more 
susceptible to evaporation. 

3. Cut (minimum dimension of 10 x 10 cm or equivalent) and weigh the sample (mdry_sep).  

4. Immerse the sample in the liquid for a minimum of 5 minutes. Remove the sample from the liquid.  

5. Fold the sample multiple times so that the exterior surface represents <10% of the total sample volume (purpose of 
folding is explained below).  

6. After absorption, excess liquid resides on the surface of the sample. To minimize the impact of this residual liquid, it is 
recommended to fold the sample into multiple layers and after absorption, to compress the sample to remove excess 
liquid from the inner layers (apply pressure as per thickness measurement). After compression, the excess liquid 
residing on the exterior surface should be gently blotted, where the blotting material is pre-dampened and has large 
pore size to prevent wicking of the liquid from the separator pores to the blotting material. 

7. Re-weigh the sample (mwet_sep). Since any extra mass comes from the addition of liquid, whose density is known, pore 
volume is calculated by dividing the change in mass by the density of the liquid (ρelectrolyte). This pore volume divided by 
the total sample volume yields porosity. 

   

5.3.3 Liquid Intrusion Method 

This method is recommended for materials where voids/impenetrable pore/completely enclosed pore are suspected.  

A Porosimeter is to be used. Porosimeters are based on the principle of either liquid intrusion into pores or liquid extrusion 
from pores. Porosimeters are instruments that are capable of measuring pore volume and pore volume distribution. Liquid 
intrusion porosimeters measure porosity from through pores and blind pores. Liquid extrusion will measure porosity only 
from through pores. 
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