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FAST THERMAL ACTIVITY INTERPRETER

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The instant application claims priority based upon
U.S. Provisional Application No. 60/570,025 filed on May
11, 2004.

FIELD OF THE INVENTION

[0002] The present invention relates to a thermal activity
interpreter (“FTAI”) for determining the stability of a chemi-
cal compound subject to gaseous decomposition.

[0003] In contrast to utilizing expensive and time consum-
ing microwatt calorimetry the FTAI invention is a simple
isothermal meter providing the rate of pressure change for
chemicals undergoing gaseous decomposition reactions.
Thermal activity (“TA”) values of the order of 1 uW/g or
self-heat rate of the order of 10.73° C./min can be interpreted
from the measured pressure change. Recognizing the need
for frequent sampling, the thermal activity interpreter
(“FTATI”) takes about 1 to 2 hours to run an analysis.

[0004] The FTAI also provides an easy means for deter-
mining activation energies and rate laws of gaseous decom-
position reactions at ambient temperature conditions and is
also well suited to measure material oxidation or corrosion
reaction rates involving oxygen consumption.

BACKGROUND OF THE INVENTION

[0005] Effective process safety management (“PSM”)
requires the ability to measure and control key action
characteristics. In case of storage and/or transportation of
large bulk quantities of self-reactive chemicals, the rate of
heat evolution or thermal activity, TA, near ambient tem-
perature condition is the most significant factor in determin-
ing safe operating envelopes. TA’s as low as 1 uW/g are of
practical interest in many cases involving chemicals under-
going desirable gassy reactions. Available thermal activity
monitors (“TAMSs”) utilizing micro-calorimetry heat flow
techniques capable of measuring such small activities or TA
values (uW/g) are understandably very expensive (in excess
of $100,000.00) and time consuming (16 hours or more per
sample analysis).

[0006] Considering that the material thermal activity or
the TA value can be quite sensitive to small amounts of
various forms of contamination, (metals, moisture, etc.),
product control measures require frequent measurements
during material production, storage, loading and transpor-
tation. By assuring that the product TA value is kept below
a specified value, storage size and allowable transportation
time can be defined to prevent the occurrence of uncontrol-
lable runaway reactions.

[0007] Given the need for frequent TA measurements at
various times and locations associated with production,
storage and transportation, a new quick concept is desirable
for chemicals undergoing gassy decomposition reactions.
This concept can be based upon measuring the pressure
increase associated with the gas generation rate. It is also
desirable to reduce the cost (to about $20,000.00) as well as
the measurement time to about 1 hr. The TA values obtained
should be consistent with values resulting from direct heat
flow micro-calorimetry measurements. The new concept
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should also provide an easy means for determining activa-
tion energies and rate laws of gaseous decomposition reac-
tions at ambient temperature conditions, and be well suited
to measure material oxidation or corrosion reactions rates
involving gas consumption.

SUMMARY OF THE INVENTION

[0008] The above need for a new concept to determine the
stability of a chemical compound subject to gassy decom-
position or gas consuming oxidation reactions is met by
providing a fast thermal activity interpreter (“FTAI”) com-
prising: an isothermal liquid bath controlled to within about
0.01° C. of a desired temperature; a leak tight container
disposed in the liquid bath for containing the chemical
compound; and a differential pressure transducer operably
connected with the leak tight container for measuring dif-
ferential pressures as low as 100 Pascal (Pa) in the container.

[0009] The invention also resides in the following meth-
ods of using the FTAI described above:

[0010] (a) to infer the rate of heat evolution of a gassy
material as a function of the time rate of pressure rise
at a specified isothermal temperature condition;

[0011] (b) to infer the activation energy of a gassy
material from changes in pressure with time at two
different isothermal temperature conditions; and

[0012] (c) to develop rate laws for both gas-produc-
ing and gas-consuming reactions, leading to esti-
mates of times of adiabatic runaway, Ty, Or criti-
cal size, pyrophoricity potential, and half life.

[0013] The FTAI is an especially designed instrument to
monitor chemical systems undergoing gaseous decomposi-
tion reactions with the capability of interpreting TA’s of the
order of 1 4W/g or a self heat rate of the order of 10.7%°
C.min~'. Recognizing the need for frequent sampling, the
TAI takes about 1 hour to run an analysis.

[0014] The FTAI concept provides an easy means for
determining activation energies and rate laws of gaseous
decomposition reactions at ambient temperature conditions
and is also well suited to measure material oxidation or
corrosion reaction rates involving oxygen consumption.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] To better understand the invention, reference may
be made to the preferred non-limiting embodiments exem-
plary of the invention shown in the following drawings, in
which:

[0016] FIG. 1 is a schematic view, partly in section of a
TAI instrument including one embodiment of a test cell
pressure transducer with associated auxiliaries such as an
integral printed circuit board (“PCB”) including an analog to
digital converter (“ADC”) web server and printer connec-
tions;

[0017] FIG. 2 is a graph of FTAI, 50% H,O, test data at
40° C. isothermal operation with pressure (psig) vs time
(sec); and

[0018] FIG. 3 illustrates a graph of vessel diameter vs. self
acceleration decomposition temperature for 50% H,0O, solu-
tion.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0019] The FTAI instrument 10 shown in FIG. 1 is
designed to provide a quick assessment of the sample
thermal activity. A pressure transducer 11 having a sample
test cell 12 holder is shown in FIG. 1. The reactive sample
13 (liquid or powder) is placed in the leak-tight test cell 12
(=50 ml or less), preferably substantially made of glass, and
submerged in a specially designed stirred liquid bath, gen-
erally shown at 14 contained within the FTAI cabinet 16,
which provides isothermal sample conditions to within 001°
C. of the desired temperature. The isothermal bath liquid can
be, for example, water, preferably distilled water, a mixture
of water and ethylene glycol (water 50% to 70%), silicone
oil, or other “water like” liquids. The choice depends upon
the desired isothermal bath temperature required.

[0020] As shown in FIG. 1, the differential pressure
transducer 11 is connected directly to the glass test cell 12
which is capable of measuring differential pressures as low
as of the order of 100 Pa.

[0021] (100 Pa=~1 cm of H,O 10° bar=0.015 psi.) The
pressure change in the sample holder test cell 12, due to
temperature variation in the liquid bath (0.01° C.) at atmo-
spheric pressure and 40° C., is no more than about 3 Pa.
Pressure variation due to chemical heating of the sample
during a 1 hr. period is also negligible for any TA value of
practical interest. Sample heatup corresponding to 100 Pa
change in pressure for one hour isothermal operation is
about 2.107° C., which corresponds to a pressure change of
only about 1 Pa. Thus, the measured pressure generation is
due only to the gas evolution resulting from the chemical
heat production rate. This observation applies to both gas
producing and gas consuming reactions. As discussed fur-
ther below, the measured pressure change can be used to
automatically calculate thermal activity in TA units (uW/g).

[0022] One embodiment of the FTAI system of this inven-
tion, is shown in FIG. 1, where the FTAI cabinet 16 contains
user controls 18, such as buttons; an LCD 20 for setting test
conditions and monitor the results, and a computer 22,
shown as operably connected by cable or the like with the
pressure transducer 11. This computer can contain a printed
circuit board (“PCB”), including an analog to digital con-
verter (“ADC”), with web server and printer connections. A
Means 26 is used for storage of test results.

[0023] With the FTAI test cell half full with sample liquid
or full with sample powder (porosity ~0.5), the self heat rate
T(° C.min™) can be inferred from the measured rate of
pressure rise, P(Pa min™)

M, AHg P ey
NgpCRT

T=N

[0024] where

[0025] M,,, (kg/kg mole)=molecular weight of
sample,

[0026] AHg (J kg~")=heat of reaction,

[0027] N,=mole gas/mole sample,
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[0028] p (kg m™>)=sample density,

[0029] C (J kg 'K ")=sample specific heat

[0030] R (8,314 Pa-m>/K-kg mole)=gas constant,

[0031] T (K)=isothermal sample temperature
[0032] or in terms of TA value

10°Mw sAHg P @

TA(uW /g) = GON, pRT
&

[0033] For a large number of gassy reactions, the variation
in the intrinsic property group (M, ; AHz/N, p) is only about
a factor of 2. Setting T=313 K, a first order estimate of the
TA value is

TA(uW/g)~P(Pa min™") €)
[0034] (If the property group value is known, Eq. 2
provides the estimate of the TA value. Also if not available,
the FTAI can be calibrated for a given material whose TA

value has been established from available micro-calorimetry
heat flow measurements.)

[0035] Given the inability to accurately measure pressure
changes of the order 100 Pa, extremely low TA values or
corresponding self heat rates can be inferred depending upon
the isothermal test duration, as illustrated below in Table 1.

TABLE 1

TA Values Inferred From Eq (3)

Isothermal TA Self Heat Rate
Test Duration HW/g °C. min*

1 hr. 1.7 4-107°
12 hrs. 0.14 3.3-10°
24 his. 0.07 1.7-107°

7 days 0.01 2.4 1077

[0036] An illustration of the FTAI concept for gasecous
decomposition reactions use is made of the decomposition
of H,0,

1 Q)
H202 - HzO + 502

[0037] Two one hour data sets obtained with the FTAI test
cell half full with 50% H,O, solution at 40° C. isothermal
operation are shown in FIG. 2 of the drawings. Excellent
reproducibility is illustrated with an average slope of 1.2-10
psi/min or 8.2 Pa min~'. Setting My,s=34 kg/kg mole,
AH=2.8810° Jkg™*, N,=0.5 molegas/molesample, p=1410
kgm™, T=313 K and p=8.2 Pa min™", Eq. 2 leads to TA=7.3
uW, or from Eq. 3, TA=8.2 uW,. As indicated earlier,
detecting heat flow of this magnitude requires micro-calo-
rimetry which is very expensive and time consuming. The
noted difference between 7.3 and 8.2 uW__ is not significant
considering the decomposition rate is highly sensitive to
minute contaminations such as metals etc.

[0038] Information obtained from FTAI measurements
can be used to evaluate characteristic time of adiabatic
runaway.
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[0039] Runaway times are of immediate interest to both
storage and transportation. If they are much larger than the
exposure times, even assuming adiabatic conditions, the
situation can be judged to be immediately safe. However, in
many practical cases it is of interest to consider non-
adiabatic conditions as discussed below.

[0040] Effective management of reactive chemical haz-
ards would benefit from always recognizing that thermal or
chemical stability in contrast to classical safety data such as
flash points, explosion limits, etc., is not an absolute quantity
that can be assigned to a given chemical.

[0041] As an example, chemical stability or the absence of
hazardous reaction runaway condition can be described in
terms of the so-called self acceleration decomposition tem-
perature (SADT) which varies depending upon the heat
dissipation rate. This means that even a very weak initial
chemical heat evolution rate may lead to a hazard if it takes
place in an environment prone to heat accumulation.

[0042] For viscous and solid materials

2
B ©)
Tipr = E,Ame/TSADT

B

[0043] where Tg,pr (K) is the SADT (reaction heat equals
heat loss), R(m) is the radius of the material, c(m?s™) is the
thermal diffusivity of material, §.=3.32 for sphere; =2.37 for
cylinder H=3R; =2.00 for infinite cylinder; =0.88 for infinite
slab with diameter=2R, A (K s™) is the pre-exponential
factor, B (K) is the activation temperature, and for non-
viscous liquids.

2 VpcB
$ADT = o

M

Aet-BTsapr

[0044] Where V (m?) is the volume of the material, p(kg
m™) is the density of material, ¢ (Jkg™'K™") is the specific
heat of material, h (Wm™K™") is the effective heat transfer
coefficient, and S (m?) is the surface area. As discussed
above, values of A and B for gassy reactions are easily
provided by the FTAI concept.

[0045] A hypothetical example of Tg,pr for 50% H,O0,
solution is illustrated in FIG. 3 based upon Eq. 7. For a 200
liter container of uncontaminated 50% H,0, solution, Eq. 7
suggests a Tg,pr of about 64° C. FIG. 3 also illustrates the
sensitivity to small amounts of contamination. An increase
in the reaction rate by a factor of 500 from only about 10
ppm metal contamination is seen to reduce the T, value
for the 200 liter container to 12° C. Effective product control
limiting the TA value to a safe limit, i.e. ruling out a runaway
reaction hazard at temperatures of interest can be assured by
frequent sampling using the TAI concept.
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[0046] The concept described will provide an inexpensive
and quick method to support the need for frequent product
sampling at multiple locations to control potential contami-
nation associated with storage and transportation of slowly
decomposing chemicals.

[0047] The FTAI concept also provides an easy means for
determining the activation energies of unknown decompos-
ing chemicals at ambient temperature conditions, thereby
eliminating the need for large extrapolations which is often
the case when using adiabatic calorimetry temperature mea-
surements. This information can be used to develop rate
laws (Arrhenius expressions) for both gas producing and gas
consuming (oxidation of metals etc.) reactions, leading to
estimates of time of adiabatic runaway, Tg,pr Or critical
size, pyrophoricity potential, and half life.

[0048] These equations and equations for also establishing
the rate laws for decomposition reactions, and gas consum-
ing reactions, are described, for example, in Process Safety
Progress, “A Fast Thermal Activity Interpreter for Control-
ling Chemical Reaction Hazards”: Hans K. Fauske, Vol 23,
No 2, June 2004 pp 108-113, herein incorporated by refer-
ence.

What is claimed is:

1. A fast thermal activity interpreter for determining the
stability of a chemical compound subject to gassy decom-
position or gas-consuming oxidation reactions, comprising:

an isothermal liquid bath;

a leak-tight container disposed in the liquid bath for
containing the chemical compound; and

a differential pressure transducer operably connected with
the leak-tight container for measuring differential pres-
sures as low as 100 Pascal in the container.

2. The fast thermal activity interpreter of claim 1, wherein
the isothermal liquid bath is controlled to within about 0.01°
C. of a desired temperature.

3. The fast thermal activity interpreter of claim 1, wherein
the interpreter is capable of determining thermal activity
values of the order of 1 uW/g.

4. The fast thermal activity interpreter of claim 1, wherein
the interpreter is capable of running an analysis in from 1 to
2 hours.

5. The fast thermal activity interpreter of claim 1, wherein
the leak-tight container is made substantially of glass.

6. The fast thermal activity interpreter of claim 1, wherein
the isothermal liquid bath is selected from the group con-
sisting of water-like liquids.

7. The fast thermal activity interpreter of claim 1, wherein
a computer is operably connected with the pressure trans-
ducer.

8. The fast thermal activity interpreter of claim 1, wherein
the isothermal liquid bath is selected from the group con-
sisting of water, mixtures of water and ethylene glycol and
silicone oil.

9. The fast thermal activity interpreter of claim 2, wherein
the pressure change in the leak tight container due to
temperature variation in the liquid bath is no more than
about 3 Pascal.

10. The method of using the fast thermal activity inter-
preter of claim 1, to infer the rate of heat evolution of a gassy
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material as a function of the rate of pressure rise at a 12. The method of using the fast thermal activity inter-
specified isothermal temperature condition. preter of claim 1, to develop ratelaws for both gas-producing
11. The method of using the fast thermal activity inter- and gas-consuming reactions, leading to estimates of times

of adiabatic runaway, Ty, or critical size, pyrophoricity

preter of claim 1, to infer the activation energy of a gassy 3 :
potential, and half life.

material from changes in pressure with time at two different
isothermal temperature conditions. I T S



