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ABSTRACT 
 

Potential reactive chemical hazards are identified and quantified 
quickly and safely using the Advanced Reactive System Screening Tool 
(ARSST).  This compact calorimeter has proven reliability for obtaining 
directly scalable rates of energy and gas release during a runaway 
chemical reaction as demonstrated over the last 15 years through 
consistently good performance in a variety of DIERS “round-robin” 
studies.  More recently the ARSST has been used to investigate chemical 
compatibility, characterize foamy/nonfoamy behavior (reactive or non-
reactive), evaluate isothermal stability, and estimate SADT values.  This 
paper illustrates a number of applications where routine ARSST testing 
has provided an inexpensive and practical solution for evaluating thermal 
hazards. 

 
1.  INTRODUCTION  
 

Safe process design requires knowledge of energy and gas release rates for systems 
under upset conditions and the potential for foamy behavior during the emergency 
discharge process.  The Design Institute for Emergency Relief Systems (DIERS) program 
[1] provided the chemical process industry with analytical tools necessary to gather such 
data which cannot be predicted from first principles [2].  The Reactive System Screening 
Tool (RSST) later provided an easier, less expensive approach to the DIERS methods 
[3,4].  The ARSST, like its predecessor the RSST, has since become a standard 
laboratory instrument for rapidly screening and characterizing chemical systems in 
addition to providing directly scalable relief-system design data.  Today the ARSST 
technology is a key component of minimum best practice at over 200 facilities 
throughout the world [5].   
 
2.  ARSST DESCRIPTION 
 

A complete description of the ARSST and its design principles is available elsewhere 
[6,7,8].  This section provides a quick overview, but also describes some more recent 
developments.   

The basic components of the ARSST (Figure 1) include a spherical glass test cell (10 
ml standard), its surrounding "bottom heater" jacket and insulation, thermocouple(s) and 
pressure transducer, and a 350 ml (or 450 ml) stainless steel containment vessel that 
serves as both a pressure simulator and safety vessel.  An immersion heater can also be 
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used.  For testing liquids a magnetic stir bar is normally placed inside the test cell and 
driven by an external magnetic stirrer.  The sample temperature and the containment 
temperature and pressure are measured using type K thermocouples (stainless steel, 
Hastelloy, Teflon coated, or glass encapsulated) and a 500 (or 1000) psig transducer.  An 
external fill tube can be used to add reagents to the open test cell either before or during a 
test.  Since the containment vessel is compact and portable, the test setup can be 
accomplished in a dry box, hot cell or inert atmosphere.  Operation at low temperatures is 
most easily accomplished by simply placing the containment vessel in a cold bath or 
freezer. 

A key feature of the apparatus is its low effective heat capacity relative to that of the 
sample, which may be expressed as a capacity ratio, or φ-factor, of approximately 1.05 
(i.e. quite adiabatic).  Thus the heat released by chemical reaction goes to heat up the 
sample with negligible energy absorbed by the test cell itself.  This feature allows the 
measured data to be directly applied to process scale.  In addition to the standard glass 
test cell (10 ml), a small test cell (5 ml, φ = 1.12) and large test cell (20 ml, φ = 1.04) are 
now available.  Tests can be run with alternative test cell materials by using standard 
ARC© bombs (recognizing the consequences of a higher φ-factor).  Finally, a conversion 
kit is now available so that closed cell ARSST tests can be performed. This mode of 
operation that has proved useful for rapid thermal stability testing. 

 

 
 
Figure 1.  Schematic of a standard ARSST containment vessel and internals. 
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3.  APPLICATIONS 
 

The most common applications of ARSST testing are to develop vent sizing data for 
reactive systems or simply to screen for chemical reactivity under adiabatic conditions.  
Other thermal hazards applications include heat of mixing studies and determination of 
the self-accelerating decomposition temperature (SADT).  Basic kinetic information is 
readily derived from ARSST data, as are parameters such as the time-to-maximum rate 
(tmr) and the temperature of no return (TNR).  The ARSST provides good resolution of 
relatively modest temperature increases (less than 5ºC) or relatively dilute solutions (e.g., 
10% DTBP in toluene), but is also an ideal instrument for very energetic reactions with 
high gas evolution rates (e. g., concentrated organic peroxides, ammonium nitrate) or 
materials that are highly sensitive to contamination (e.g., hydrogen peroxide solutions).  
The ARSST consistently performs well in DIERS round-robin benchmarks and in 
comparison with large-scale industry experience.  Selected examples are detailed below.  
 

3.1  Heat of Mixing 
 

The heat effects from mixing "incompatible" species, as for example mixing of 
certain acids and bases, are sometimes perceived as being too rapid for standard adiabatic 
calorimeters to respond effectively.  However, in a low φ-factor apparatus the energy 
absorbed by the test cell is negligible and such a mixture remains adiabatic precisely 
because it exhibits nearly an instantaneous temperature rise (i.e., heat evolution is rapid 
compared to heat loss from the test cell).  Figure 2 shows the temperature history for two 
heat of mixing experiments using dilute solutions of hydrochloric acid (HCl) and 
potassium hydroxide (KOH).  In these experiments a 5 ml sample of KOH solution was 
placed in a test cell and agitated using a small magnetic stir bar.  Data acquisition was 
started with data logging at 0.01 min or 1ºC intervals (but without adding external heat) 
and then 5 ml of a molar equivalent HCl solution was added.  The observed average 
temperature rise was 3.9°C.  This result is in good agreement with the anticipated result 
of 3.6ºC based on heats of formation, 3.7 kg of mixture per mole of HCl, and using the 
specific heat of water.  A similar procedure was subsequently followed using 1M sulfuric 
acid (H2SO4) and 2M sodium hydroxide (NaOH).  Figure 3 shows the data from two 
experiments performed on this system which yielded an average temperature rise of 
14.3°C.  This result agrees well with the predicted value of 14.8ºC based on heats of 
formation.  
 

3.2  Self-Accelerating Decomposition Temperature (SADT) 
 

According to the well-established Semenov ignition theory [9] which is applicable to 
non-viscous liquids, the SADT for a specific commercial package (i.e., the temperature at 
which the heat generation rate equals the heat loss rate from the package under non-
adiabatic conditions) is given by  
 

SADT1 B/ T2
SADThS(T / B)(60) V cAe −= ρ       (1) 



-4- 
3rd Int. Symp. on Runaway Reactions, Pressure Relief Design, and Effluent Handling / Cincinnati, Ohio / November 1-3, 2005 
Organized by the Design Institute for Emergency Relief Systems (DIERS) Users Group  

 

 
Figure 2.  Temperature history for HCl-KOH heat of mixing with the ARSST. 
 
 

 
Figure 3.  Temperature history for H2SO4-NaOH heat of mixing with the ARSST. 
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where h (W m-2 K-1) is the effective heat transfer coefficient, S (m2) is the surface area, V 
(m3) is the volume, ρ (kg/m3) is the reactant density, c (J kg-1 K-1) is the reactant specific 
heat, A (K/min) is the pre-exponential factor and B (K) is the activation temperature.  
Values of these kinetic parameters are easily derived from ARSST (or RSST) data.  An 
example of such data is shown in Figure 4 for a 10 g sample of t-butyl peroxybenzoate.  
In the low temperature range of interest, i.e. negligible consumption, the reaction rate 
T (K/min) is well represented by B/ TT Ae−= .  Correcting for the external heatup rate of 
approximately 1°C/min, the slope indicated in Figure 4 leads to A = 1.2 x 1021 K/min and 
B = 17,700 K.  The SADT value can be estimated for a typical commercial package (Vρ 
= 25 kg) by setting h = 5 W m-2 K-1, S = 0.4 m2, and c = 2300 J kg-1 K-1.  The result for t-
butyl peroxybenzoate is TSADT = 55ºC, which is consistent with values obtained by much 
more difficult and expensive techniques such as the US (57ºC), ARC (53ºC) and Dewar 
(55ºC) test methods [10].  Onset temperature T based on a 7 day time-to-maximum rate 
(tmr= 10,080 min) and adiabatic conditions may be similarly estimated using the equation 
 

T = B/ln[tmrAB/T2]        (2) 
 
in this case giving T = 316 K = 43ºC.  This adiabatic onset temperature is lower than the 
SADT, as one would expect in the absence of heat losses.  Additional examples of this 
type have been presented by Fauske [11]. 
 

 
 
Figure 4.  Self-heat rate data for t-butyl peroxybenzoate to determine SADT. 
 

3.3  Estimation of Simple Kinetics from Dilute Solutions 
 
The ARSST can also be used to develop simple kinetics for reacting systems which 

are much less energetic than the neat peroxides described above.  For example, Figure 5 
shows ARSST self-heat rate data for 10% di-tert-butyl peroxide (DTBP) in toluene.  The 
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plot shows the raw data, the data corrected for the 1ºC/min external heating rate, and the 
first order rate constant results.  The slope of the rate constant curve is used to calculate 
the activation energy for decomposition of DTBP, giving a value of 37 kcal/mol which is 
consistent with published literature values [12].  Also shown in Figure 5 are four sets of 
very reproducible rate constant data developed from closed cell experiments on 25% 
DTBP in toluene using the VSP2 (Vent Sizing Package 2 [13]).  The activation energy 
results are again very consistent. 

 
Figure 5.  Self-heat rate and activation energy ARSST data for 10% DTBP in toluene and 
comparison to 25% DTBP results from the VSP2. 

 
 
3.4  Battery Thermal Stability Using a Closed Test Cell 
 
Closed cell testing is a relatively new option with the ARSST.  This mode of 

operation lends itself to rapid screening of potentially energetic materials where a low φ-
factor is not critical (or not desired) and the measured reaction rates are not intended to be 
scaled up directly.  Typically in this type of hazard assessment the sample size is smaller 
(perhaps less than a gram) so as to avoid extremely high pressures in the test cell.  In this 
configuration the test cell is installed directly on a 1/8" fill tube within a 450 ml high 
pressure ARSST containment vessel, and the test cell pressure transducer is connected to 
the fill tube above the vessel lid.  A thermocouple passes down through the fill tube so 
that the sample temperature is directly measured.  ARC® bombs (available from FAI in 
stainless steel, titanium, Hastelloy, and tantalum) or glass test cells may be used along 
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with the standard ARSST bottom heater.  Liquid samples can be magnetically stirred 
using the Super Magnetic Stirrer [14] which was developed specifically for such 
calorimeter applications. 

One application of closed cell testing is to determine the stable temperature range for 
hearing aid (or similar) batteries, and to measure any gas generation as a function of time 
and temperature.  Figure 6 illustrates a series of three such tests performed on size 10 
zinc-air batteries using a titanium test cell.  In each case a rapid thermal scan was 
performed from 25ºC to 300ºC at a rate of 10ºC/min.  All three batteries appeared 
relatively stable up to about 230ºC, at which point a sudden increase in pressure 
apparently resulted from gross failure of the battery casing.  The batteries in tests #1 and 
#3 were subsequently found to have deformed and leaked, whereas the battery in test #2 
had burst and completely self-disassembled.  Similar testing can be done for other types 
of batteries. 
 

 
 
Figure 6.  Thermal stability data for battery tests in a closed cell ARSST. 
 
 

3.5  Isothermal Testing 
 
Isothermal tests were recently performed at various temperatures to quantify the 

effect of temperature on induction time prior to the decomposition of concentrated 
hydrogen peroxide.  The glass test cells were carefully prepared since the concentrated 
peroxide is extremely sensitive to contamination.  The pre-treating procedure was based 
on accumulated industry experience from hydrogen peroxide manufacturers, and it 
included the following steps: cleaning with 1% detergent solution, passivation with 30% 
nitric acid for 3-4 hours, water rinse (3 times), annealing at 580°C in a furnace (3 hours), 
conditioning with 30% hydrogen peroxide (24 hours), another water rinse (three times) 
and then drying in a vacuum oven (one hour).  Temperature was measured in the sample 
(using either a similarly treated glass-encapsulated thermocouple or a passivated Teflon-
coated thermocouple) and in the containment gas space (using a Hastelloy thermocouple).  
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Results from a typical experiment are shown in Figure 7.  In this test the sample was held 
at 160ºC in "isothermal" mode (non-adiabatic) for about 30 minutes under 85 psig 
nitrogen.  During this isothermal hold period the power to the bottom heater was 
gradually cut back to zero before chemical self-heating exceeded passive heat losses from 
the test cell and the sample "ran away". 

 
Figure 7.  Temperature and heater power history for concentrated hydrogen peroxide 
isothermal hold test. 
 
 

3.6  Flow Regime Characterization 
 
Knowledge of the prevailing flow regime during emergency venting of a runaway 

chemical reaction is essential in order to estimate a realistic but safe relief system design.  
Since it is not possible to predict the foaming behavior from physical properties alone and 
since flow regime characterization methods for actual runaway conditions are not 
available, the DIERS practice has usually been to design for "foamy" conditions, i.e. 
homogeneous vessel conditions in order to err on the safe side.  Considering that the 
occurrence of "foamy" versus "non-foamy" conditions is very sensitive to impurities, 
minute changes in concentration levels, etc., the flow regime characterization needs to be 
performed under actual runaway conditions coinciding with the relief venting process. 

Operation of the ARSST flow regime detector has been described previously 
[6,7,8,15,16].  Figure 8 illustrates typical results for what would traditionally be 
characterized as a foamy reactive system (styrene polymerization initiated with 0.5% 
BPO).  The detector temperature is normally maintained well above the temperature of 
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the runaway mixture, but if foaming occurs at the venting condition then the sensor is 
temporarily quenched and the detector temperature drops briefly to the sample 
temperature.  In a non-foamy system the mixture would simply boil at the relieving 
conditions, but the detector would not be quenched.  The simplified vent sizing equations 
of Fauske [15,17] include an additional factor-of-two increase in the vent area 
requirement for a vapor system if it is demonstrated to be foamy, as noted in Section 3.7 
below.   

 

 
 
Figure 8.  Flow regime detector (FRED) data for benzoyl peroxide initiated styrene 
runaway. 
 

 
 
 
Figure 9.  Fire exposure simulation on neat DMPCT (dimethyl phosphoro-
chloridothionate) at 10ºC/min with the containment vessel pressure regulated at 13 psig. 
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Fauske’s methodology does not make a distinction between foamy/non-foamy 

behavior for gassy or hybrid systems.  For such systems any tendency to foam would 
enhance mass loss from the test cell (or reactor) prior to peak reactive conditions and 
would be directly reflected in the measured data (i.e., with less material in the test cell the 
peak pressure rate would be lower).  In fact the flow-regime-detector can be used to 
clearly illustrate the early mass loss effect, as shown in Figure 9 for a fire-induced 
decomposition of DMPCT (dimethyl phosphorochloridothionate).  In this example the 
containment vessel pressure is regulated at about 13 psig using a mechanical relief valve.  
The ARSST controller maintains the detector temperature well above the sample 
temperature until the onset of gas generation at about 175ºC.  At that point two-phase 
discharge drops the detector temperature to the sample temperature.  This occurs well 
ahead of the peak reaction rate that would be observed in a high-backpressure (or closed 
cell) test. 

 
 
3.7  Vent Sizing for Reactive Systems 
 
The application of ARSST (and RSST) data to reactive system vent sizing has been 

described in detail in previous papers by Fauske [17] and more recently by Burelbach 
[18] who provided an updated flowchart to assist in characterizing condensed phase 
reactive systems as vapor, gassy, or hybrid.  The ARSST data are directly scalable, and 
they lend themselves to relatively simple vent sizing techniques developed by Fauske 
[5,15,19,20] who demonstrated using ARSST data that these easy-to-use methods 
provide a safe yet not overly conservative vent size based on comparison with all relevant 
(large scale) experimental data and incident information.  The general form of Fauske’s 
quick vent sizing equation is given by 
 

3
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        (3) 

 
where P (psig) is the relief set pressure or peak relief pressure, T  (ºC/min) is the rate of 
temperature rise, P  (psi/min) is the rate of pressure rise resulting from a 10 g test sample 
in a 350 ml ARSST containment vessel, CD is the effective discharge coefficient, and 
A/V (m-1) is the ratio of the required vent area A to the reactant (charge) volume V.  This 
equation is independent of the reactor volume, covers both subcritical and critical flow 
venting conditions, and for vapor systems its application presumes a minimum reasonable 
overpressure allowance above the relief set pressure (about 40% on an absolute basis).  In 
the case of "foamy" vapor systems the vent area estimated from Eq. (3) is multiplied by a 
factor of 2.   

Equation (3) is readily applied to Burelbach’s [18] vapor, gassy, and hybrid 
examples.  We consider first the methanol/acetic anhydride vapor system with typical 
ARSST rate data as shown in Figure 10 for high and low pressure test conditions.  The 
low pressure test performed at the intended relief set pressure of 15 psig results in 
sustained tempering starting at about 90ºC.  At this relief set temperature the 
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corresponding self-heat rate from the high backpressure test is about 15ºC/min, and the 
ideal vent requirement (i.e., frictionless, CD=1) calculated from Eq. (3) is then A/V = 
0.003 m-1 based on a conservative assumption of foamy behavior.  It can be shown 
experimentally (using the ARSST flow regime detector described in Section 3.6 above) 
that this system is actually not foamy, so a smaller ideal vent (A/V = 0.0015 m-1) is 
justified.  

 

 
 
Figure 10.  Self-heat rates for Methanol/Acetic Anhydride. 
 

 
 
Figure 11.  Self-heat and pressure rates for 25% DTBP in toluene. 
 

Figure 11 shows ARSST data for another familiar system, 25% DTBP (di-tert-butyl 
peroxide) in toluene, using an 8.7 g sample in a 350 ml containment vessel.  The low 
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and demonstrated sustained tempering relative to the high back pressure test.  (At higher 
set or back pressures this system might not be tempered and the system could be 
characterized as gassy, as discussed by Leung, et al. [21] for neat DTBP.)  At the 
tempering temperature of 157ºC the corresponding self-heat and pressure rise rates (from 
the high-backpressure test) are about 7ºC/min and 1 psi/min.  For a 40 psig set pressure 
the ideal vent requirement per Eq. (3) is then A/V = 0.0005 m-1. 
    ARSST data for a gassy system (37.5% 3,5,5-trimethyl hexanoyl peroxide in 
dodecane) are shown in Figure 12 based on an 8.2 g sample again in a 350 ml standard 
vessel.  In this case the peak pressure rate (based on inspection of the raw pressure versus 
time data) was taken to be 1500 psi/min.  The ideal vent requirement calculated from Eq. 
(3) for a 300 psi vessel (allowing 10% accumulation) is then A/V = 0.019 m-1.  Note that 
in many gassy ARSST experiments a lower backpressure (corresponding to the relief set 
pressure) may result in a lower measured peak pressure rate, although sustained 
tempering does not occur.  This can occur because of early mass loss (i.e., discharge of 
reactants before the peak pressure rate occurs, as would also be expected on the larger 
process scale) or if the gassy reaction rate is otherwise pressure dependent.  If the lower 
peak rate is used in Eq. (3), then the corresponding pressure in Eq. (3) should not exceed 
the backpressure in the corresponding test (i.e., one should not use the maximum 
allowable pressure in this case).  The ARSST results may be viewed as conservative 
because for a gassy system there is more disengagement at the smaller scale (so more 
material stays in the test cell "vessel" to react) and any material discharged from the test 
cell remains in the (cooler) containment vessel and can continue to contribute to the 
measured pressure rate. 

 
 
Figure 12.  Pressure rates for 37.5% 3,5,5-Trimethyl Hexanoyl Peroxide in n-dodecane. 
 

Data for another recently tested system are shown in Figure 13 based on a 2ºC/min 
thermal scan on 10 g of a monomer mixture in a 450 ml high pressure ARSST vessel 
under an initial 100 psig pad.  This runaway system appeared to involve multiple kinetic 
mechanisms which eventually led to a gassy decomposition.  The containment vessel 
pressure was in excess of the maximum allowable accumulated pressure for the process 
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(MAAP = 121 psig) by the time the pressure rate peaked at 340 psi/min.  The peak 
pressure rate when scaled to the standard 350 ml vessel is about 440 psi/min.  From Eq. 
(3) the ideal vent requirement for this system is A/V = 0.0112 m-1.  This ARSST result 
was used to check the results from a similar test using the VSP2 apparatus [13] with an 
80 ml sample in a vented test cell and a 5 psi pad in the 4 liter containment vessel.  The 
test cell vent (1/8" tubing) corresponded to an estimated effective vent A/V of 0.015 m-1.  
For simplicity we consider the simpler limiting form of Eq. (3) for critical flow [15] 
 

3

D

3.5 10 PA / V
C P

−⋅
=         (4) 

 
where P is now in psia.  Solving Eq. (4) yields P = 103 psia or an expected 
"overpressure" of about 88 psig in the VSP2 test cell.  This result is consistent with the 
observed overpressure of about 65 psig at peak venting conditions in the VSP2 (Figure 
14) which supports the use of Eq. (3) based on all gas venting.  Again, Eq. (3) does not 
assume the absence of two-phase flow; rather it relies on two-phase flow to remove 
reactants prior to peak reactive conditions.  If the vent size is calculated on the basis of 
homogeneous two-phase flow (with no mass loss prior to peak reactive conditions), then 
the resulting vent "requirement" is much larger (A/V = 0.081 m-1) and the predicted 
VSP2 test cell pressure of about 350 psig is much higher than was actually observed in 
the scaled venting test. 

 
Figure 13.  Self-heat (ºC/min) and pressure (psi/min) rates for thermal scan on monomer 
mixture. 

340 psi/min
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3.8  Round Robin Validation 

 
The DIERS organization regularly conducts so called round-robin exercises in order 

to validate the operation of the various calorimeters that are commonly used to analyze 
potential reactive chemical hazards (e.g., VSP2, APTAC, PHI-TEC, ARSST, ARC, 
Dewar, and DSC).  With regard to development of the minimum test data needed to 
adequately assess runaway hazards or to safely size an emergency vent, the ARSST 
consistently shows good agreement with the consensus best practice results generated 
using the various low φ-factor instruments.  Details of round-robin comparisons can be 
found elsewhere in the literature and in the DIERS meeting minutes.  The data 
summarized below for the most recent round robin efforts are intended to illustrate 
typical ARSST results (using the standard ARSST configuration) with comparison to 
representative reference data, say from the VSP2 (Vent Sizing Package 2) or similar 
equipment.   

The most recent DIERS round-robin exercise [22] was performed using the 
decomposition of Vazo-67.  ARSST tests were performed using a 25 wt % solution of 
Vazo-67 in toluene.  This solution (10 ml or about 9 g) was charged to the test cell and 
then a 300-psig nitrogen backpressure was imposed.  For this "load and go" scenario the 
sample was then simply heated at 2°C/min (adiabatic thermal scan).  Self-heat and 
pressure rate results for Vazo-67 are shown in Figures 15 and 16, respectively, with 
comparison to closed cell data.  The self-heat rate data from the ARSST is in very good 
agreement with the adiabatic closed cell results, but with a slightly higher peak 
temperature.  This is not unexpected since the ARSST thermal scan has a slight excess of 
heat added to the system via the 2ºC/min imposed ramp. (Sometimes this type of ARSST 
test is referred to as "adiabatic plus" since negligible heat is lost to the test cell or the 
environment, but a small amount of heat is actually added to the system; in general this 
makes the data more conservative.)  The pressure rate data as shown in Figure 16 do not 
show obvious agreement because they have not been scaled to reflect the different sample 
mass and freeboard volumes characteristic of the two types of test.  The ARSST sample 
mass and containment volume were 9 g and 350 ml, respectively, while the analogous 
VSP2 parameters were likely close to 45 g and 68 ml based on a 120 ml closed test cell.  
Thus one would expect that at a given temperature and reaction rate the pressure rise rate 
in the closed cell test would be larger than that in the ARSST vessel by a factor of about 
(350)(45)/(9)(68) = 26.  This is almost exactly the ratio of the closed to open test pressure 
rates between 110ºC and 190ºC.  At lower or higher temperatures the ARSST pressure 
rates are larger than what would be predicted by simply scaling the closed test data.  
Presumably at low temperature this is due in part to containment heating by the ARSST 
bottom heater.  At higher temperatures one explanation would be that some of the 
evolved gas remained in solution in the closed tests and thus was not measured as 
pressure (non-conservative from a vent sizing perspective).  Another explanation would 
be that some vapor stripping occurred as evolved nitrogen gas left the ARSST test cell, 
thus carrying extra energy into the containment gas space and pressurizing it faster 
(conservative from a vent sizing perspective).  These observations support the view that 
vent sizing for gassy systems is best done using open cell test data. 
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Figure 14.  Expanded pressure data from VSP2 scaled venting test. 
 

Figure 15.  Self-heat rate data for 2005 Vazo-67 round-robin experiments. 
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The experimental technique for the HSE isopropanol/propionic anhydride (IPA/PA) 

esterification system [23] was slightly more involved than for the Vazo-67 test because 
the first reactant was heated before the second reactant was added.  The reaction started 
as soon as the chemicals were mixed.  The PA (6.84 g) was added first and then data 
acquisition was started with data-save criteria of 1ºC, 2 min, and 50 psi.  (The pressure 
criterion was intentionally large to avoid excess data collection when the vessel was 
subsequently pressurized.)  The sample was heated at an initial ramp of 1ºC/min to 116ºC 
at which point the acquisition stage began using a 1ºC/min ramp rate.  When the PA 
reached 118ºC, the acidified room-temperature IPA (3.16 g) was added and the system 
was quickly padded with 250-psig nitrogen to suppress vaporization.  The mixture 
temperature equilibrated at about 75ºC and immediately self-heated as shown in Figure 
17.  The ARSST results for this vapor system are in good agreement with the reference 
data once the initial conditions stabilize after the gas pad is introduced.  An alternative 
approach to imposing the pressure pad would be to add the nitrogen before adding the 
IPA, which would then need to be injected using a piston or a syringe pump.  The 
increased effort (and possible uncertainty due to piston holdup when adding a 3 g charge) 
would be difficult to justify considering the good quality of the data already obtained 
using the less sophisticated method. 

Another recent exercise [24] was performed on a copolymerization system using 
styrene and methyl methacrylate (MMA) monomers with an AIBN (Vazo-64) initiator.  
The reaction mixture was prepared using a 50/50 ratio of monomers with 0.5% of 
initiator.  This solution (10 ml) was then charged to the test cell and a 300-psig nitrogen 
backpressure was imposed.  The sample was then heated at 2°C/min.  Self-heat rate 
results for styrene-MMA are shown in Figure 18.  Although the ARSST rate data are 
slightly on the high side at higher temperatures, they generally are in good agreement 
with reference data, particularly considering the kinetic complexity of the reacting system 
as evidenced by the multiple “humps” in the self-heat rate curves.  A similar round-robin 
exercise was attempted in 2004, but with water present (suspension polymerization).  
This system proved to be quite challenging due to its sensitivity to variability in agitation.  
Even with a large stir bar at 800 rpm (a stirrer speed that has been demonstrated to give 
good mixing of aqueous/organic phases in the ARSST), it was difficult to achieve 
consistent results until a surfactant was added (Figure 19).  In the absence of surfactant 
this type of system may be better suited to an instrument such as the VSP2 [13] which 
can employ a baffled cylindrical test cell and a star stir bar (or mechanical agitator) to 
optimize mixing and multiple thermocouples in the reaction mixture to monitor 
temperature uniformity. 
 
4.  CONCLUDING REMARKS 
 

The ARSST is a relatively simple instrument which can be used to quickly develop a 
variety of critical safety data for management of thermal hazards.  A low φ-factor test cell 
allows that data to be scaled up directly.  The ARSST is well suited not just for vent 
sizing, but also for studying chemical incompatibility, SADT determination and kinetic 
parameter evaluation, as well as onset temperature determination and thermal hazard 
screening.   
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Figure 16.  Pressure rate data for 2005 Vazo-67 round-robin experiments. 
 
 
 
 

 
 
Figure 17.  Self-heat rate data for 1999 IPA/PA round-robin experiments. 
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Figure 18.  Self-heat rate data for 2003 styrene/MMA round-robin experiments. 

 
Figure 19.  Self-heat rate data for 2003 styrene/MMA/water round-robin experiments. 
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