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The ARSST (Advanced Reactive System Screening Tool) 
is a simple adiabatic calorimeter that is widely used to 
screen for energetic materials and to quickly develop data 
for safe process design.  The instrument is well suited for 
long-term stability studies, to characterize runaway 
reactions, and to evaluate material compatibility.   
 
Recently the ARSST has proved useful for characterizing 
material compatibility between Lithium compounds and 
various solvents or binders.  This paper presents test data to 
illustrate the application using standard grade Stabilized 
Lithium Metal Powder (SLMP™) and various solvents 
(GBL, NMP, and Xylenes). 

 
 

Summary 
 

A series of ARSST experiments was performed using standard grade SLMP and 
various solvents, in some cases doped with DI water.  Solvents used here were NMP (1-
Methyl-2-pyrrolidone), GBL (�-Butyrolactone), and Xylenes.  Previous SLMP™/solvent 
stability studies have been reported by others (1).   
 

The ARSST calorimeter typically uses a magnetically stirred 5 ml or 10 ml 
lightweight glass test cell of negligible thermal inertia and with direct temperature and 
pressure measurement.  The test assembly is contained within a protective containment 
vessel for safety, but liquid can be externally added during a test.  The ARSST and its 
application to reactive hazards evaluation has been described in detail elsewhere (2,3).  
Figures 1 and 2 illustrate the equipment set-up for closed cell testing, a relatively new 
configuration (4) which has proved useful in the present study. 
 

Sample loading was generally performed under argon atmosphere using a glove 
bag.  A typical test used 0.25 g SLMP™ and 9 ml of solvent.  Tests were performed 
using both open and closed test cell configurations.  In all but one test the nominal test 
cell volume was 10 ml (one test used a 20 ml cell).  Some tests were performed using a 
long term isothermal hold technique, while in other tests the sample was heated up at a 
constant rate of 2°C/min (non-adiabatic).  Finally, tests on doped GBL and NMP were 
performed in adiabatic scan mode at a background imposed rate of about 1°C/min, 
effectively a constant power mode (as opposed to non-adiabatic constant rate mode).   
 

The samples were magnetically agitated using a Teflon coated stir bar of 1 cm 
length.  Initial open cell tests used a conventional bench top stirrer set at a midrange 
value of "5".  The closed cell tests used a stronger "Super Stirrer" with selectable RPM.  
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Initially the stirrer speed was set at 400 RPM.  It was subsequently observed that the 
samples tended to stratify, with Lithium material on top, and 400 RPM did not provide 
good mixing.  A stirrer speed of 1100 RPM (max setting) appeared to do a much better 
job of keeping the samples well mixed, so this setting was used for subsequent tests. 
 

 
Observations 

 
 The test matrix is summarized in Table I, while the post test appearance of the 
various samples is shown in Figures 3 through 5. 
 

Test data are illustrated in Figures 6 through 19.  Plots show temperature, 
pressure, and heater power on the same graph, so heater power is multiplied by 100 for 
consistent scaling.  In constant rate tests the heater is controlled using a PID algorithm to 
match the prescribed heating profile (isothermal hold, ramp, or combination) so when 
chemical heating (an exotherm) occurs, the heater power is cut back.  Thus for a constant 
prescribed heating rate (such as an isothermal hold or a steady 2°C/min ramp) a drop in 
the heater power generally corresponds to self heating.   
 

For adiabatic scan tests the power to the sample is essentially constant (about 0.3 
Watts), calibrated to give a steady background scan rate.  In this type of test any energetic 
chemical reaction would act to increase the heatup rate (exotherm) or decrease the heatup 
rate (endotherm).  Self-heat and pressure rate plots are included for these quasi-adiabatic 
experiments, further illustrating that the doped GBL system appears relatively more 
stable, particularly at temperatures between 100 and 120°C. 
 

Each test that had water added was observed to generate measurable pressure 
early in the test (at temperatures below 50°C) which appeared to coincide with 
exothermic activity.  Pressure resolution is better for the closed cell tests because of the 
smaller freeboard volume.  In some tests it appeared that gas was generated and then 
consumed.  
 

The agitation speed may be important for keeping the Lithium material uniformly 
distributed in the solvent.  Post test observations showed the Lithium compound floated 
on top of the solvent, and 400 RPM stirring did not seem sufficient to keep the mixture 
uniform.  Higher speeds worked better, with a setting of 1100 RPM (maximum Super 
Stirrer speed) providing a uniform sample appearance without a noticeable vortex. 
 

 
Visualization Test 

 
Run 6 was performed as a visualization test with doped NMP.  A glass beaker was 

used in place of the containment pressure vessel, so the test cell contents were visible.  A 
20 ml cell was used since the previous similar closed test with a 10 ml cell (Run 4) 
showed some Lithium compound had been pushed up the neck of the cell, with a gas 
bubble between the solvent and the Lithium.  (This distribution of material was likely due 
in part to inadequate mixing.)  Also, a 20 ml cell provided a larger freeboard volume for 
gas accumulation (about 11 ml) compared to Test 4 which had perhaps 3 ml freeboard 
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and maximum accumulated pressure approaching 120 psig.  (The glass test cells, 
although light weight, were pretested to above 100 psi without failing.)   
 

In the 20 ml cell, a shot of NMP (about 5 g) was added first.  The stirrer was set at 
400 RPM.  A second shot of doped NMP was added, giving a net water addition of 9282 
ppm.  The Lithium did not readily mix into the solvent, rather it accumulated on top, so 
the stirrer speed was increased to 600 and then 1100 RPM.  There was still a residual 
Lithium layer on top, with some small bubbles present at 13 minutes, and no vortex 
(temperature was 33°C).  The target hold temperature of 55°C was reached at 34 min.  At 
about 1 hr the liquid looked black and the top layer was gone, and at 1 hr 20 min the cell 
accumulated pressure peaked at about 120 psi. Pressure subsequently decreased 
gradually.  At 3 hr the liquid appeared opaque, with a black layer on top.  By 24 hr the 
sample was mostly white-gray but did not appear to be stirring, and there appeared to be 
a little clear liquid on top.   
 

Following the test the sample was solid.  Observations suggested that tests with 
water resulted in a white-gray appearance and pressure generation.  Once the sample 
stratified it was more difficult to get it well mixed, so subsequent tests were started at 
1100 RPM. 
 
 

Adiabatic Scan Tests 
 

Test runs 2 through 11 all represented constant rate experiments.  Those tests 
were not adiabatic, and self-heating (thermal instability) was inferred from a feedback 
reduction in the supplied heater power.  An alternative method for identifying self-
heating is to perform adiabatic scan tests.  In this type of test a constant power is applied 
to the sample, which in the absence of a chemical reaction results in a steady heatup rate 
(assuming heat capacity variation is negligible).  If an exothermic reaction occurs then 
the heatup rate accelerates.  This type of experiment is sometimes referred to as 
"adiabatic plus" since there is a constant small addition of energy into the reacting 
mixture.  The temperature and pressure rate data are directly scalable to process 
conditions, and are comparable to data from other more sophisticated adiabatic 
calorimeters such as the VSP2 (5). 
 

In order to perform an adiabatic scan test on a SLMP™/solvent mixture we first 
developed a heater calibration by heating 9.3 g of GBL up to 120°C at a rate of 2°C/min 
in a closed 10 ml test cell.  This resulted in a "calibration polynomial" which was then 
modified slightly (by applying a power offset) to give a 1°C/min calibration.  Using this 
calibration two adiabatic scan tests were done using SLMP™ with similarly doped 
samples of GBL (Run 17) and NMP (Run 18).  For these two runs the solvent was added 
to the test cell before it was attached to the calorimeter.  The heater cutoff temperature for 
both tests was 120°C.  Data are illustrated in the attached plots. 
 

The doped GBL test (Run 17) showed modest self heating and pressure 
generation beginning below 50°C, consistent with the earlier constant rate test.  The peak 
observed self heat rate was about 4°C/min, or about 3°C/min above the background rate, 
at 50°C.  At about 65°C the measured rate dropped back close to the background rate, 
and pressure evolution also subsided.  By the time the sample temperature reached 100°C 
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there was no evidence of further self-heating, and it appeared that pressure was 
decreasing.  At 120°C the heater was automatically shut off and the sample cooled down.  
Following cooldown the net pressure gain was about 60 psig, comparable to the 78 psig 
generated in the constant rate test Run 11. 
 

The doped NMP test (Run 18) also showed modest self heating and pressure 
generation at lower temperatures, although it appeared to be delayed slightly relative to 
GBL Run 17.  Self heating peaked at about 6°C/min at 80°C, and then dropped to about 
3°C/min at 95°C as the pressure began to decrease.  This behavior is suggestive of an 
endothermic gas-consuming reaction.  Subsequently the heatup rate began to increase 
again, reaching 150°C/min at the 120°C heater shutoff temperature.  Self heating 
continued to accelerate to over 1000°C/min, resulting in a sudden pressure spike and test 
cell rupture as the temperature approached 250°C. 
 

These final two tests appear to be the most definitive tests in terms of contrasting 
the stability of standard grade SLMP™ in GBL versus NMP with similar doping levels.  
Both systems showed some early heating and gas generation, consistent with isothermal 
and constant rate tests.  However the doped NMP was energetic enough that in a quasi-
adiabatic test it raised the temperature sufficiently that a subsequent very energetic 
reaction occurred.  This did not occur with the doped GBL below 120°C.   
 
 

Conclusions 
 

This limited study touched on several experimental variables, including stirrer 
speed, water concentration, and heating protocol.  More data would be required to 
confirm our conclusions.  However it is hoped that the tests reported here will provide 
some guidance for others who may undertake similar testing.   
 

First, the degree of agitation appears to be important, at least in interpreting the 
data, since a discrete temperature measurement in a non-uniform (stratified) sample could 
easily be misinterpreted.  Second, it is beneficial to measure and report the pressure 
associated with gas generation, as this seems to go hand in hand with exothermic activity 
induced by the presence of water contamination.  Third, the use of a scanning technique 
is a useful supplement to long term isothermal hold tests.  Constant rate mode is good for 
initial screening, in order to speed up the testing process, while quasi adiabatic (constant 
power) mode quantifies directly scaleable rates of temperature and pressure rise.  Finally, 
the data reported here support the contention that GBL would be preferable to NMP for 
use with standard grade SLMPTM (compare Run 8 and Run 11, and also Run 17 and Run 
18). 
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Table I.   Test Summary, Each ARSST Test Used About 0.25 g Standard Grade SLMPTM and 8 to 9 ml Solvent 
Run Test Name 

(Open/Closed) 
Open or 
Closed 

Cell 

Solvent 
(1) 

Water 
Added 

Net pressure 
generated 

Comments 

1 A04110700 Open  xylenes None None Ramp to 180°C under 200 psi argon pad, conventional 
stirrer set at "5" 

2 A04110701 Open NMP None None 24 hr at 55°C (stopped at 500 min), conventional stirrer 
at "5" 

3 A04120700A Open NMP None None Restart Run 2, 24 hr at 55°C, conventional stirrer at "5" 

4 A04120700B Closed NMP 6924 
ppm 

69 psi 
 

24 hr hold at 55°C, pressure, super stirrer at 400 RPM 

5 A04130700 Open GBL 7242 
ppm 

2 psi  
(350 ml) 

24 hr holds at 55, 60, 65°C, conventional stirrer at "5" 

6 A04130701 Closed  
(20 ml cell) 

NMP 9282 
ppm 

56 psi 
(11 ml) 

Visualization 24 hr 55°C, super stirrer at 1100 RPM 

7 A04160700 Closed NMP None Failed cell 2°C /min PID to 100°C, 1100 RPM, strong exotherm 

8 A04160701 Closed NMP 7805 
ppm 

Yes  
(failed cell) 

2°C /min PID to 100°C, 1100 RPM 

9 A04170700 Closed GBL None None 2°C /min PID to 100°C, 1100 RPM 

10 A04170701 Closed xylenes None None 2°C /min PID to 100°C, 1100 RPM 

11 A04170702 Closed GBL 8324 
ppm 

78 psi 2°C /min PID to 100°C, 1100 RPM 

17 A05020700 Closed GBL 7620 
ppm 

60 psi 1°C /min adiabatic scan to 120°C, 1100 RPM 

18 A05020701 Closed NMP 7270 
ppm 

Yes  
(failed cell) 

1°C /min adiabatic scan to 120°C, 1100 RPM 

(1) NMP = 1-Methyl-2-pyrrolidone, anhydrous, 99.5%, < 50 ppm water 
       GBL = �- Butyrolactone, Fluka, puriss > 99.0% (GC) 

      Xylenes = dimethylbenzene, 18% P, 42% M, 19% O, 21% ethyl benzene  
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Figure 1.  Closed ARSST cell installed on vessel lid.  Figure 2.  Vessel used for closed cell testing, shown with Super 

Stirrer. 
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Figure 3.  Post test appearance of various samples.  Tests with doped NMP (4, 6, 8) resulted in white solids.  In test 7 the test cell 
came loose and ejected the contents.  All other samples eventually settled into two layers with gray lithium compounds on top.  In 
tests with doped GBL (5, 11) the lithium compound seemed to be slightly darker in appearance. 
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Run 2, 3 (NMP isotherm, 
conventional stirrer) 

 
Run 4 (doped NMP isotherm, 
conventional stirrer) 

 
Run 5 (doped GBL isotherm, 
conventional stirrer) 

 
Run 6 (doped NMP isotherm, 
1100 RPM super stirrer) 

 
Run 8 (doped NMP ramp, 
super stirrer) 

 
Run 9 (GBL ramp, super 
stirrer) 

 
Run 10 (Xylenes ramp, super 
stirrer) 

 
Run 11 (doped GBL ramp, 
super stirrer) 

 
Figure 4.  Close-up views of selected samples (post test). 

 



Presented at the 211th Meeting of the Electrochemical Society (ECS), Chicago, Illinois, USA, May 6, 2007 

Page 10 of 24 

 
 

 
 

Figure 5.  Post test appearance of sample/residue from adiabatic scan tests.  Run 17 (doped GBL) 
on left, Run 18 (doped NMP) on right. 
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Figure 6.  24 hr isothermal hold, SLMP and NMP (not doped). 
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Figure 7.  24 hr isothermal hold, SLMP and NMP (doped with 6900 ppm water). 
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Figure 8.  Series of three 24 hr isothermal holds, SLMP and GBL (doped with 7200 ppm water). 
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Figure 9.  24 hr isothermal hold, visualization test, SLMP and NMP (doped with 9300 ppm  
water). 
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Figure 10.  Constant rate (2ºC/min), SLMP and NMP (not doped). 
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Figure 11.  Constant rate (2ºC/min), SLMP and NMP (doped with 7800 ppm water). 
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Figure 12.  Constant rate (2ºC/min), SLMP and GBL (not doped). 
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Figure 13.  Constant rate (2ºC/min), SLMP and Xylenes (not doped). 
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Figure 14.  Constant rate (2ºC/min), SLMP and GBL (doped with 8300 ppm water). 
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Figure 15.  Comparison of constant rate NMP tests, with and without water doping. 
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Figure 16.  Comparison of pressure and temperature histories for doped adiabatic scan tests with 
GBL or NMP. 
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Figure 17.  Comparison of pressure-temperature data for doped adiabatic scan tests with GBL or 
NMP. 
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Figure 18.  Comparison of self heat rate data for doped adiabatic scan tests with GBL or NMP. 
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Figure 19.  Comparison of pressure rate data for doped adiabatic scan tests with GBL or NMP. 

 


