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Electric storage systems: sodium-ion batteries 

  Comments on ST/SG/AC.10/C.3/2021/55 on proposed 
requirements for sodium-ion batteries 

  Submitted by KiloFarad International (KFI) 

  Introduction 

 1. KFI notes with interest the document by the expert from France recommending new 

requirements for sodium-ion batteries. The Sub-Committee will note that KFI had submitted 

document ST/SG/AC.10/C.3/2020/65 commenting on a similar proposal in 

ST/SG/AC.10/C.3/2020/45 and many of KFI’s comments in that document remain applicable 

to ST/SG/AC.10/C.3/2021/55. 

 2. Importantly, document ST/SG/AC.10/C.3/2021/55 describes the characteristics of 

what appears to be a prototype design sodium-ion battery being developed in France which 

demonstrates certain hazard characteristics not common to all sodium-ion batteries. KFI 

recommends that only sodium-ion batteries demonstrating intrinsic hazard characteristics 

that warrant regulation be subject to the Model Regulations as dangerous goods. 

  Intrinsic hazards of sodium-ion batteries 

 3. The Sub-Committee will recall that at the fifty-fifth session related to terms of 

reference for developing new requirements for sodium-ion batteries the Sub-Committee 

stated: 

“The Sub-Committee recommended to take a careful approach on this subject and to 

consider also intrinsic hazards to achieve a proper classification.” 

4. In document ST/SG/AC.10/C.3/2021/55, France by implication proposes to regulate 

a sodium-ion battery of a type and a condition of charge that: 

(a) Is capable of thermal runaway; and 

(b) In the thermal runaway reaction, the battery evolves toxic gases (presumably 

based on criteria of Div. 2.3). 

 5. KFI considers that these basic criteria, while requiring further clarification, could 

serve as a basis for defining the intrinsic hazards upon which sodium-ion batteries are 

regulated. Further information on the thermal runaway described by France is needed.  For 

example: 

(a) What were the conditions/test methods under which thermal runaway 

occurred? How do they compare with conditions used in testing lithium-ion batteries? 

(b) Are the tests/conditions relevant to transport? 
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(c) Does thermal runaway propagate to other cells or is it a single cell event so 

that gas emissions are minimal? 

(d) Does thermal runaway lead to dangerous evolution of heat (see ICAO SP123)? 

(e) Is thermal runaway common among other sodium-ion battery technologies? 

 6. It would further follow that sodium-ion batteries that do not meet defining intrinsic 

hazards when fully charged or by their condition in transport (i.e., low state of charge in 

transport) should not be subject to regulation. 

  An existing sodium-ion battery type not meeting the 
proposed intrinsic hazards 

 7. As already described in document ST/SG/AC.10/C.3/2020/65, KFI is aware of one 

sodium-ion battery technology that does not demonstrate the proposed intrinsic hazard of 

thermal runaway and in the absence of thermal runaway there is no evolution of gas. These 

cells are already in commercial production and are used in such applications as energy storage 

systems in computer data centers worldwide. They are competitive with and are more 

environmentally friendly than lithium-ion batteries. Extensive results of testing more 

rigorous than that required of lithium-ion batteries conducted by Underwriters Laboratories 

(UL) on such fully charged sodium-ion cells demonstrated no thermal runaway risk under 

any conditions. The tests included: 

- short circuit; 

- external heating; 

- overcharge; 

- nail penetration; 

- overcharge and gas collection and evaluation. 

8. More recently in subjecting these cells to UL 9540A, Test Method for Evaluating 

Thermal Runaway Fire Propagation in Battery Energy Storage Systems (AACD), the report 

concluded: 

“The cell tested did not go into thermal runaway with all the failure modes utilized in 

this report, however, one of the samples [in a test involving an external heater and 

with an onset temperature of 256 oC] produced gas that is determined to be flammable 

in accordance with ASTM E918 with the failure mode of (Overcharge and external 

heater). In consideration of the scope of UL9540A, the cells that cannot be forced into 

thermal runaway are not required to be tested at a further level of the test (e.g. module 

or unit level test). Nonetheless, the flammable gas generated from the cell can pose an 

explosion hazard and this type of hazard needs to be addressed through HMA (Hazard 

Mitigation Analysis) in accordance with the relevant Codes.” 

A full UL report can be made available to Subcommittee participants. 

9. To exempt sodium-ion batteries that are not liable to thermal runaway, KFI 

recommends that paragraph 2.9.5 in the proposal by France include added text clarifying that 

cells and batteries not liable to thermal runaway are exempted by the following additional 

sentence: 

“Cells and batteries proven to not be liable to thermal runaway are not subject to these 

regulations.” 

  Sodium-ion batteries short circuited or installed in 
equipment 

 10. KFI notes that the multilateral agreement discussed by France makes provision for 

exempting sodium-ion batteries short circuited in transport and KFI agrees that such an 
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exemption should also be included in the Model Regulations. Further KFI agrees that certain 

batteries be exempted as provided in proposal 5 in ST/SG/AC.10/C.3/2021/55. 

 11. KFI further notes that short circuiting may be impracticable in many instances, 

including, for example, when batteries are contained in equipment. In that instance the risk 

of sodium batteries appears to be comparable to that of asymmetric capacitors (UN 3508), 

KFI would recommend that sodium batteries installed in equipment be exempted from 

regulation consistent with the provision in SP 372. Such text could read: 

“Sodium ion batteries installed in equipment and containing an electrolyte meeting 

the classification criteria of any class or division of dangerous goods are not subject 

to other provisions of these Regulations provided that the equipment is packaged in a 

strong outer packaging constructed of suitable material, and of adequate strength and 

design, in relation to the packaging’s intended use and in such a manner as to prevent 

accidental functioning of batteries during transport. Large robust equipment 

containing sodium ion batteries may be offered for transport unpackaged or on pallets 

when batteries are afforded equivalent protection by the equipment in which they are 

contained.” 

 12. KFI appreciates the Sub-Committee’s consideration of its views in the matter of 

regulating sodium-ion batteries. 

 

_________________ 
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CELL TEST REPORT 
UL 9540A 

Test Method for Evaluating Thermal Runaway Fire Propagation  
in Battery Energy Storage Systems (AACD) 

  
Project Number. .............................. : 4789823560 
Date of issue ................................... : 07/00/2021 
Total number of pages ................... : 40 
 
UL Report Office  ............................ :  UL LLC, Northbrook, IL, 60062 USA 

Applicant’s name ............................ : Natron Energy inc. 

Address ........................................... : 3542 Bassett Street 
Santa Clara, CA, 95054 
United States of America 

Test specification: 4th Edition, Section 7, November 12, 2019 

Standard .......................................... : UL 9540A,  Test Method for Evaluating Thermal Runaway Fire 
Propagation in Battery Energy Storage Systems 

Test procedure ............................... : 7.1 – 7.8 

Non-standard test method  ........... : N/A 
 

Copyright © 2020 UL LLC All Rights Reserved. 

General disclaimer: 
The test results presented in this report relate only to the sample tested in the test configuration noted on the 
list of the attachments. 
 
UL LLC did not select the sample(s), determine whether the sample(s) was representative of production 
samples, witness the production of the test sample(s), nor were we provided with information relative to the 
formulation or identification of component materials used in the test sample(s). 
 
The issuance of this report in no way implies Listing, Classification or Recognition by UL and does not 
authorize the use of UL Listing, Classification or Recognition Marks or any other reference to UL on the 
product or system.  UL LLC authorizes the above named company to reproduce this Report provided it is 
reproduced in its entirety.  UL's name or marks cannot be used in any packaging, advertising, promotion or 
marketing relating to the data in this Report, without UL's prior written permission. 
 
UL LLC, its employees, and its agents shall not be responsible to anyone for the use or non-use of the 
information contained in this Report, and shall not incur any obligation or liability for damages, including 
consequential damages, arising out of or in connection with the use of, or inability to use, the information 
contained in this Report. 
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Cell level information 

Model No ........................................... : V6.1 

Ratings (Vdc, Ah) ............................. : 4.6Ah 1.56V 

Chemistry of test item………………: Sodium-Ion 

Original Equipment Manufacturer (OEM): Natron Energy Inc. 

Branding Manufacturer (if not OEM): N/A 

Was the cell certified?  ………………………….: Yes 

Standard test item certified to ……….…..: UL 1973 

Organization that certified test item …….: UL (MH63828) 

Average cell surface temperature at gas venting, °C: 2561  

Average surface temperature at thermal runaway, °C: N/A2 

Gas Volume: 1.2 L 

Lower flammability limit (LFL), % volume in air at the ambient 
temperature 

9.65 

Lower flammability limit (LFL), % volume in air at the venting 
temperature (256oC) 

7.85 

Burning velocity (Su) cm/s:  27.6 

Maximum pressure (Pmax) psig: 93.7 

Cell Gas composition 
Gas Measured % 

Hydrogen 4.80 
Carbon Monoxide 22.92 

Methane 35.53 
Ethylene 0.800 
Ethane 0.20 

Acetylene 0.100 
Carbon Dioxide 35.63 

 

 

Cell failure test method performed (summary of method and test clause): 
  External heating using thin film with 4°C to 7°C thermal ramp. 
  Nail Penetration 
  Overcharge 
  External short circuit (X Ω external resistance) 
  Flow Battery with 2 active electrolyte methods  
  Flow Battery with 1 active electrolyte methods 
  Others 

 
1 Taken from a test utilizing external heater. 
2 Thermal runaway was not achievable with the failure modes utilized in this report.  
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Description of method used to fail cells if other than external thin-film heater with thermal ramp: 
- Nail Penetration  

A submitted sample was fully charged in accordance with the instruction provided by Natron. 
The sample was secured in place with the fixture as shown in Attachment B. The metal nail that was 2 
mm in diameter penetrated through the cell with pneumatic force. 

 
- Overcharging  

A submitted sample was fully charged for conditioning in accordance with the instruction provided by 
Natron. The charging for overcharging began at the maximum charge voltage and be increased by 1 V 
and held for 1 min before increasing the voltage to the cell until ultimate results occur. The charge rate 
was at 110% of the maximum specified charging rate. At that point of ultimate results, the charging was 
stopped. Test voltage and the current was recorded and provided with the test results. 

 
- Short circuiting  

A submitted sample was fully charged for conditioning in accordance with the instruction provided by 
Natron. Terminals were connected to each other with a contactor in between. The contactor was turned 
on to short the terminals 

Summary of testing: 

Performance Criteria in accordance with Clause 7.7 and Figure 1.1: 
[X ] Thermal runaway was not induced in the cell; and 
[ ] The cell vent gas did not present a flammability hazard when mixed with any volume of air, as 
determined in accordance with ASTM E918 at both ambient and vent temperatures. 
The necessity for a module-level test 

The cell tested did not go into thermal runaway with all the failure modes utilized in this report, however, one 
of the samples produced gas that is determined to be flammable in accordance with ASTM E918 with the 
failure mode of (Overcharge and external heater) 
In consideration of the scope of UL9540A, the cells that cannot be forced into thermal runaway are not 
required to be tested at a further level of the test (e.g module or unit level test). Nonetheless, the flammable 
gas generated from the cell can pose an explosion hazard and this type of hazard needs to be addressed 
through HMA(Hazard Mitigation Analysis) in accordance with the relevant Codes 
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Testing Laboratory information 

Testing Laboratory and testing location(s): 

Testing Laboratory: UL LLC  

Testing location/ address ............................ : 333 Pfingsten Rd  
Northbrook, IL 60062  
USA  

Tested by (name, signature)........................ : Paul Obrochta  

Witnessed by (for 3rd Party Lab Test Location)  
(name, signature) ......................................... : 

N/A N/A 

Project Handler (name, signature) .............. : Naveen 
 

Reviewer (name, signature) …………….: Sean Yang 

 
Gas Analysis Testing Laboratory: 

Testing location/ address ............................ : DEKRA Process Safety  
Forreston, Illinois(Burning Velocity 
test) 
 
Fauske & Associates, LLC  
Burr Ridge, Illinois (Lower 
Flammabilitylimit and Explosion 
Severity Test) 

Project Handler  (name, signature) ............. :  
 Patrick Wojcik(Fauske) 
Abdollah Kashani (Dekra) 

Reviewer (name, signature) …………….: Thaddeus C. Speed (Dekra) 
 Jacob Henricksen(Fauske) 
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List of Attachments (including a total number of pages in each attachment):  

Attachment A: Cell Conditioning (Charge/discharge) Profiles  -  (Pages 16 through 20) 
Attachment B: Cell Instrumentation Photos  -  (Pages 21 through 24) 
Attachment C: Cell Temperature Profiles during testing  -  (Pages 25 through 30)  
Attachment D: Cell Testing Photos  -  (Pages 31 through 37) 
Attachment E: Cell Test Datasheets  -  (Pages 38 through 38) 
Attachment F: Cell vent gas test chamber photo and profile of chamber gas analysis (O2 and Pressure) – 
(Pages 39 through 40) 
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Photo of cell/Stack: 

 
 Thermocouple locations on the front side of the cell  

 

 
                                             Thermocouple locations on the back side of the cell 
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Test Item Charge/Discharge Specifications:  
• Charge current, A: 4.6 
• Standard full charge voltage, Vdc: 1.813 
• Charge temperature range, °C: -20 to 45 
• End of charge current, A: 0.2 
• Discharge current, A: 4.6 
• End of discharge voltage, Vdc: 1 
• Discharge temperature range, °C: -20 to 45 
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Test item particulars .................................................. :  

Possible test case verdicts:  

- test case does not apply to the test object ........... : N/A 

- test object does meet the requirement ................. : P (Pass) 

- test object does not meet the requirement ........... : F (Fail) 

- test object was completed per the requirement...: C(Complete) 

- test object was completed with modification……: M(Modification) 

Testing.......................................................................... :  

Date of receipt of test item ........................................ : 03/24/2021 

Date (s) of performance of tests ............................... : # Date Test 
1 4/29/2021  External Heating Test 
2 5/05/2021  Short Circuit Test 
3 5/11/2021  Overcharge Test 
4 5/12/2021 Nail Penetration Test 
5 5/13/2021 Cell Vent Gas Composition Test  

 

 

General remarks: 

"(See Enclosure #)" refers to additional information appended to the report. 
"(See appended table)" refers to a table appended to the report. 
 
Throughout this report a point is used as the decimal separator. 
 

Manufacturer’s Declaration of samples submitted for test: 

The applicant for this report includes samples from more 
than one factory location and a declaration from the 
Manufacturer stating that the sample(s) submitted for 
evaluation is (are) representative of the products from 
each factory has been provided .................................... : 

 Yes 
 Not applicable 

Name and address of factory (ies) .......................... : Natron Energy, Inc. 
Santa Clara, CA 
 

General product information and other remarks: 
 
V6.1, rated as 4.6Ah 1.56V, is a sodium ion battery cell manufactured by Natron Energy Inc. 
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5.0 CONSTRUCTION Verdict 

5.1. 5.4 Cell/Stack Construction  — 

5.1.1, 
5.4.1 

Generic Chemistry: Sodium Ion — 

 Electrolyte Chemistry:  Acetonitrile + NaX — 

 Flow Battery Electrolyte No. 1 Chemistry: N/A   

 Max volume of system electrolyte No. 1, L:  N/A — 

 Flow Battery Electrolyte No. 2 Chemistry: N/A — 

 Max volume of  system electrolyte No. 2, L:  N/A — 

 Separator Melt Temperature, °C:  — 

 Format: 
Cylindrical /Prismatic /Pouch 
Flow Battery Stack 

Pouch — 

 Overall Dimensions, mm 194 Length X 246 Width X 4.9 
Thickness  

— 

 Cell Weight, g 305 ± 10 — 

5.1.2 Cell Certification: Yes — 

 Standard Used for Cell Certification: UL 1973 — 

 Organization that Certified Cell: UL — 

5.1.1, 
5.4.1 

Cell/Stack Ratings: 
      • Nominal Voltage, Vdc 
      •Nominal Capacity, Ah 

1.56 — 
— 

4.6 

5.4.1 Flow Battery: No. of Cells per Stack: N/A — 

 Flow battery system manufacturer: N/A — 

 Flow battery system model: N/A — 

 Flow battery system ratings, Vdc, Ah: N/A — 

5.4.2 Flow battery system certified to UL 1973: N/A — 

 Organization that certified flow battery system: N/A — 

    

6.0 PERFORMANCE Verdict 

6.1 General   

7.2 Samples   
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7.2.1  Samples conditioned through charge discharge 
cycling a minimum of 2 cycles. 

See Attachment A for profiles 
See Table 1 for 
specifications 
 
 

C 

7.2.2 100% SOC and stabilize from 1h to 8 h before 
testing  

7.2.3 Pouch Cells constrained per end use during 
testing. 

 C 

7.3 Determination of thermal runaway 
methodology 

  

7.3.1 General   

7.3.1.1 Ambient indoor laboratory conditions: 
25 ±5°C (77 ±9°F) 
≤50 ±25% RH at the initiation of the test. 

See Attachment C and E C 

7.3.1.2 Heat the cell to thermal runaway by externally 
applied flexible film heaters  

See Attachment B C 

 Heater Dimension 203.2 mm X 152.4 mm 
 

 

 A surface heating rate of 4° C (7.2° F) to 7° C 
(12.6° F) per minute was applied to the cell. 

See Attachment C, D, and E 
See Table 4. 

C 

 Maximum surface end point temperature, °C   

 The following method(s) was employed to cause  
thermal runaway: 

 Mechanical (e.g. nail penetration); 
 Electrical stress in the form of overcharging,  
 Electrical stress in the form of over-discharging  
 Electrical stress in the form of external short-

circuiting 
 Use of alternate heating sources (e.g. oven). 
 Other (explain) 

The external heater method 
did not put a cell into thermal 
runaway that the fault modes 
checked on the column left  
were utilized to attempt to 
force the cell into thermal 
runaway. 
The use of an alternate 
heating source was not taken 
as the external heater method 
did not achieve thermal 
runaway. 

C 

7.3.1.3 Detail of test method when using another cell 
abuse method to initiate thermal runaway 

See Attachment E  

7.3.1.4 Monobloc batteries such as a lead acid battery  N/A 

7.3.1.5 Estimated surface temperature at which internal 
short circuiting within the cell will occur that could 
lead to a thermal runaway condition. 

Cell was continuously heated 
according to 7.3.1.6 
according to Certification 
Requirement Decision: Test 
Method for Evaluating 
Thermal Runaway Fire 
Propagation in Battery 

N/A 
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7.3.1.6 The cell was heated until thermal runaway has 
occurred. 

Refer to Attachment C 
 
 

C 

 Another external heating method was used to 
cause cell thermal runaway 

 N/A 

7.3.1.7 The cell's exterior surface temperature was 
measured  

See Attachment B C 

7.3.1.8 The temperature at which the cell case vents due 
to internal pressure rise was documented. 

See Table 3 and 4 
See Attachment C, D and E 

C 

7.3.1.9 The temperature at the onset of thermal runaway 
was documented. 

See Table 3 and 4 
See Attachment C, D and E 

N/A 

 If cell venting occurs first, the cell was heated 
continuously until thermal runaway occurs.  

See Attachment C C 

7.3.1.10 When using methods other than the heater 
method, the stresses were applied to the cell until 
thermal runaway occurs. 

Thermal runaway was not 
achievable with the failure 
modes utilized in this report. 

N/A 

7.3.1.11 3 additional samples were tested using the same 
method and exhibited thermal runaway 

See Table 3, 4 and 5 
See Attachment C, D and E 

N/A 

7.4 Cell vent gas composition test   

7.4.1 Cell vent gas was generated and captured by 
forcing a cell into thermal runaway with the 
methodology developed in 7.3, inside a pressure 
vessel 

Size of pressure vessel used: 
82 L (21.7 gal) 
 
Refer to Attachment F 

C 

 The test was initiated with an initial condition of 
atmospheric pressure and less than 1% oxygen by 
volume.  

Refer to Attachment F 
Atmospheric pressure (psig): 
0.6 
  

C 

Oxygen concentration 
measured (% volume): 
<0.1% 
 

Inert gas used: Nitrogen 

7.4.2 Cell vent gas composition was determined using 
Gas Chromatography (GC)  

Refer to Table 8 
Refer to Attachment F 
 

C 

 Hydrogen gas was measured  Refer to Table 8 C 
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 The initial atmospheric conditions prior to testing 
were noted. 

Refer to Table 3  
Refer to attachment C and F 

C 

7.4.3 The lower flammability limit of the cell vent gas 
was determined on samples of the synthetically 
replicated gas mixture in accordance with ASTM 
E918, testing at both ambient and cell vent 
temperatures. 

Refer to Table 9 and  10 
 

C 

7.4.4 The gas burning velocity of the synthetically 
replicated cell vent gas was determined in 
accordance with the Method of Test for Burning 
Velocity Measurement of Flammable Gases Annex 
in ISO 817. 

Refer to Table 9 and 10 
 
 

C 

7.4.5 Pmax of the synthetically replicated cell vent gas 
was determined in accordance with EN 15967. 

Refer to Table 9 and 10 
 

C 

7.6 Cell Level Test Report Information   

7.6.1 Minimum information provided in the report for 
items a) through m) 

 C 

7.6.2 Minimum information of items a) through k) was 
provided in the report for  flow battery  

 N/A 

7.73 Performance – cell level test   

7.7.1 a) Thermal runaway cannot be induced in the cell; 
and 

Thermal Runaway cannot be 
induced by all cell failure test 
methods. 

C 

 b) The cell vent gas does not present a 
flammability hazard when mixed with any volume 
of air, at both ambient and vent temperatures. 

Cell Vent gas found to be 
flammable 

F 

 
  

 
3 The cell tested did not go into thermal runaway with all the failure modes utilized in this report, however, one of 
the samples produced gas that is determined to be flammable in accordance with ASTM E918 with the failure 
mode of Overcharge and external heater. In consideration of the scope of UL9540A, the cells that cannot be forced 
into thermal runaway are not required to be tested at a further level of the test (e.g module or unit level test). 
Nonetheless, the flammable gas generated from the cell can pose an explosion hazard and this type of hazard 
needs to be addressed through HMA(Hazard Mitigation Analysis) in accordance with the relevant Codes 
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Table 1 – Specified conditioning parameters  
Charging: Discharging 
Current (CC), A 4.6 Current (CC), A 4.6 
Standard full charge voltage, 
Vdc 

1.813 Voltage at start of discharge, 
Vdc 

1.813 

End of charge current, A 0.2 End of discharge voltage, Vdc 1 
Charging Test Ambient, °C -20 to 45 Discharging Test Ambient, °C -20 to 45 
Refer to Attachment A for charge/discharge profiles for each cell. 

 
Table 2 – Charge completion and cell test initiation times 

Cell Test Number Cell Number Charge Completion Date and Time Cell test Date and Time 

1 1 4/29/2021 08:47:35 AM 04/29/2021, 11:31:54 AM 

2 4 5/5/2021 12:52:19 PM 05/05/2021, 14:04:51 PM 

3 5 5/11/2021 08:35:06 AM 05/11/2021, 11:07:36 AM 

4 6 5/12/2021 07:22:01 AM 05/12/2021, 08:29:14 AM 

5 2 5/13/2021 10:26:57 AM 05/13/2021, 13:34:54 AM 

 
Table 3 - Test Initiation Details 

 Cell Test 1 Cell Test 2 Cell Test 3 Cell Test 4 Cell Test 5 
Test Date 04/29/2021 5/5/2021  5/11/2021  5/12/2021  5/13/2021  
Test Start Time 11:31:54 AM 14:04:51 PM 11:07:36 AM 08:29:14 AM 13:34:54 AM 
Initial Lab Temperature 21.69o C 18.36o C 18.41o C 18.08oC 31.38oC 
Initial Relative Humidity 48% 53% 42% 48% 51% 

 
 

Table 4 - Thermal Runaway Results 
Failure modes External 

heater 
Short 
Circuit Test 

Overcharge 
Test 

Nail 
Penetration 
Test 

Gas 
Collection 
test 
(OverCharge) 

Test No. Cell Test 1* Cell Test 2 Cell Test 3* Cell Test 4 Cell Test 5 
OCV at start of test, Vdc 1.79 1.80 1.79 1.80 1.81 
Average Heating 
Rate, °C/min 5.40 N/A N/A N/A N/A 

Venting Time after the 
test start, (hh:mm:ss) 00:43:10 Venting not 

observed 0:14:17 Venting not 
observed  0:11:11** 

Venting Temperature, °C 256 N/A 38 N/A 18 
Thermal Runaway Time 
after the test start, secs  # # # # # 

Thermal Runaway 
Temperature, °C 

# # # # # 

Refer to Attachment C for surface temperature profiles during testing 
See attachment E for datasheets 

# - Thermal runaway was not achieved  
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* - The time when venting was observed was determined based on the video analysis, the temperature 
was taken from the data at the moment when the video analysis confirms the venting event. 
** - The cell was placed inside the pressure chamber to collect the gas, hence visual observation was not 
possible. Instead, the determination of cell venting was made based on the pressure increase in the 
chamber.  
 
 

Table 5 – Average Vent and Thermal Runaway Temperatures# 
Average of Cell Vent Temperatures, °C (used external heater test vent 
temperature) 

256 

Average of Cell Thermal Runaway Temperatures, °C Thermal runaway was not 
achieved with the failure modes 
utilized in this report. 

#Averages of cell tests other then the gas analysis test 
 
 

Table 8  – Results of Gas Analysis (Excluding O2 and N2) 
Gas Measured % Component LFL4 

Carbon Monoxide CO 22.9 10.9% 
Carbon Dioxide CO2 35.6 N/A 

Hydrogen H2 4.8 4.0% 
Methane CH4 35.6 4.4% 
Ethylene C2H4 0.800 2.4% 
Ethane C2H6 0.20 2.4% 

Acetylene C2H2 0.10 2.3% 
Total - 100  

 
 

Table 10  – Properties of Vent Gas Analysis 
Lower Flammability limit at Ambient Temperature, 25°C (% vol in air) 9.65% 
Lower Flammability limit at Vent Temperature, [     256        °C] (% vol in air) 7.85% 
Flow Batteries, LFL scaled to maximum electrolyte volume of system, 25°C (% vol in 
air) 

N/A 

Flow Batteries, LFL scaled to maximum electrolyte volume of system,  
[             °C]  (% vol in air) 

N/A 

Burning Velocity Measurement, Su cm/sec 27.6 
Maximum Pressure Pmax, psig 93.7 

 
 
 
 
 
 
  

 
4 Extracted LFL values from ISO 10156-2017 
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Clause Requirement + Test Result - Remark Verdict 
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 TABLE: Critical components information  

Object / part 
No. 

Manufacturer/ 
trademark 

Type / model Technical data Standard Mark(s) of 
conformity1) 

Cell Model Natron Energy Inc. Pouch/V6.1 Sodium Ion UL 1973 UL(MH63828) 

Separator Freudenberg     

Electrolyte   Acetonitrile + NaX - - 

Case    Nylon, Aluminum, 
CPP laminate 

- - 

 



 Page 16 of 40                                          Project No. 4789823560 

 
UL 9540A, Edition 4  
 

Attachment A: Cell Conditioning (Charge/discharge) Profiles  -  (Pages 16 through 20) 
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Attachment B: Cell Instrumentation Photos  -  (Pages 21 through 24) 
 

External Heater Test 

  
Sample Instrumentation Prior to Test - note heaters were placed on both sides of cell 

 
 

 
Nail Penetration Test  
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Short Circuit Test  

 
Overcharge Test 
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Cell With Thermocouples on Front 

 

 
Cell With Thermocouples on Back 
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Thermaocouple Locations:  

TC # Location 

TC1 Front Middle of cell ( used for temperature ramp 
monitoring) 

TC2 Back Middle of the cell 

TC3 Side of the cell 

TC4 Positive terminal 

TC5 In between the terminals ( Expected Vent Location) 
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Attachment C: Cell Temperature Profiles during testing  -  (Pages 25 through 30)  
 

 
The venting was identified from the video at 00:43:10 minutes into the test. 
  
The above graph shows the temperatures measured during the test, in which the cell was heated with two 
external heaters on each side of the cell and TC1 was used to ramp up heater temperature at a rate of 4-7°C 
per minute, however, the thermal runaway was not observed. When the heaters failed and the current did not 
flow through the heater at 78 minutes into the test.  
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The graph above shows the surface temperatures and voltage measured during the test, in which no cell venting 
nor thermal runaway was observed. A second after the test was started the nail penetrated the cell. 11minutes 
and 28 seconds in the test, there was a sudden drop of voltage down to 1.7953Vdc, however, it lasted for about 
400m seconds5 and voltage came back up to 1.8Vdc 
 

 
5 Please note the the data sample interval was 400ms and only one line of data showed the voltage drop during 
this test. 
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The graph above shows the surface temperatures, voltage, and current measured during the test with a 400 ms 
time interval. The power supply used to charge the cell was placed on a constant voltage mode, where the 
voltage was increased by 1V every minute. The current peaked at 0:07:23 up to 86.5A. At 0:08:00 in the test, 
the temperature measured near the positive terminal increased up to 58°C. At 0:14:17 in the test, visual venting 
was observed and the temperature of the cell side was 46°C. The voltage increase was continued until the 
heater failure was confirmed and at this moment the power supply was turned off. Right before the power supply 
was turned off the current was 64.4A and the voltage was11.7Vdc and the cell surface temperature was 52°C. 
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The graphs above show the surface temperatures, current and voltage measured during the test respectively. 
The open-circuit voltage prior to the start of the test was 1.80V. A contactor was closed a minute after the test 
was started to short the circuit at approximately 5 minutes in the test. The peak current measured was 754A and 
approximately 4 minutes after the close of the contactor, the current came back down to zero. The maximum 
temperature was observed from the thermocouple instrumented on the top mid of the cell, and the temperature 
was 57°C. However, No venting or thermal runway was observed. 
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Of the failure modes that caused cells to vent, which were external heater method and overcharge, the external 
heater was burned during the test. Therefore, in order not to exclude the decomposition of heaters from the gas 
composition result, the overcharge test was selected to collect off-gas. The power supply used to charge the cell 
was placed on a constant voltage mode, where the voltage was increased by 1V every minute. The current 
peaked at 0:11:12 up to 87.9A. 
 
At 0:11:25, the cell side temperature was peaked 62°C and two seconds later the temperature on the expected 
vent location was 72°C. Since the cell was inside the chamber, the determination of the time when venting took 
place was made based on the pressure data and the pressure increased at 0:11:10. The voltage increase was 
continued until the heater failure was confirmed and at this moment the power supply was turned off. Voltage 
increased out of the measurement range at 0:11:00 in the test, came back down to 7.9Vdc 11 seconds later. 
The voltage before the spike was 11.7V and right before the power supply was turned off the current was 11.7A 
and the voltage was13.7Vdc and the cell surface temperature was 53°C.  
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Attachment D: Cell Testing Photos  -  (Pages 31 through 37) 
 

 
 

 

a) Test Start 
[00:00:00]  

(b) Cell Venting  
[00:43:10] 

 
(c) Full Smoke Event 

 

Highlights of External Heater Testing 
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External Heater Test Post Test Photos 
  



 Page 33 of 40                                          Project No. 4789823560 

 
UL 9540A, Edition 4  
 

 
 
 

  
(a) Test Start  

 
(b) End of the test  

Highlights of Short Circuit Test 
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Short Circuit Test Post Test Photos 
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Overcharge Test Post Test Photos 

  
 

(a) Test Start  
[00:00] 

(b) Cell Venting  
[00:14:17] 

Highlights of Overcharge Testing 
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(a) Test Start  
[00:00:00] 

 

(b) Nail Penetration Event  
[00:00:01]   

 
 

(c) End of the Test. 

 

Highlights of Nail Penetration Testing 
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Nail Penetration Test Post Test Photos 
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Attachment E: Cell Test Datasheets  -  (Pages 38 through 38) 
 
Datasheet is stored in UL database 
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Attachment F: Cell vent gas test chamber photo and profile of chamber gas analysis (O2 and Pressure) - 
(Pages 39 through 40) 
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Gas Collection Test Post Test Photos 
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