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TESTING OF PYROTECHNIC COMPOSITIONS IN CLOSED VESSEL

1 INTRODUCTION

The nose cap of MP (multipurpose) munitions is filled with pyrotechnic powder that will ignite
and burn when it is exposed to certain stimulus. This burning reaction is important for how and
when the other energetic compositions in the projectile will react. To be able to regulate or
control the properties of the pyrotechnic powder it’s important to know how it reacts after it
has been ignited. One way to study the burning properties is by testing the pyrotechnic powder
under controlled conditions in a Closed Vessel (CV).

The pyrotechnics we have tested is RS-41 and combination of its main ingredients,
magnesium, aluminium and potassium perchlorate. The tests have been carried out with
different loading densities and combinations of ingredients. The problem with this kind of
energetic materials when they burn is that they give very high temperatures compared to
energetic materials based on the elements C, H, N and O. Another difference when they burn
is that, instead of giving mainly gas products as does propellants and explosives, pyrotechnics
based on metal powders give solid products.

The combination of very high temperature and pressure set strong restrictions on what we can
manage to test with regard to loading densities of pyrotechnic compositions without damaging
the test equipment. In addition to the experimental testing, we have carried out some
theoretical calculations by use of the themochemical code Cheetah to determine what pressures
we should expect to measure in the CV.

2 EXPERIMENTAL

2.1 Test performance and conditions

The different compositions have been tested in a 150 cm® Closed Vessel. We have used three
different CV that should be equal. For some tests we used a steel tube inside the vessel so the
vessel should be easier to clean. This tube, when it was new, had a mass of 284.73 g.

The pressure was measured with a Kistler 6211 cell. A blue/brown squib surrounded with 2 g
Black Powder (BP) in a plastic bag was used to ignite the tested compositions. Figure 2.1 gives
a picture of the used ignition device. In Figure 2.2 is given a picture of the CV just before it
should be fired. The green cable is the registration of the pressure, and the grey is for ignition
of the squib.

For the majority of experiments the tested powder has been in a plastic bag that surround the
squib/BP. For the rest the powder was loosely filled in the vessel.



Figure 2.1  Ignition part of the CV, showing the squib surrounded by a plastic bag with the
Black Powder.

Figure 2.2 The CV ready for firing.

The pressure has been measured every 4 ps and the total number of points has been 65.536.
Total sampling time 0.262 s.

2.2 Tested samples

Three composition types have been tested: RS-41, Mg + KClO4 and Al + KC10O4. All
compositions were received from Nammo Raufoss mixed ready for testing. In addition to the
pyrotechnic powder was some M1-propellant fired to check the pressure cell.

The Table 2.1 gives a summary of test conditions and tested compositions.



Firing Date | Composition Vessel | Condition Weight | Loading
No (2) Density
(g/em’)
CV-309 | 3/11-00 | M1 With tube | Loosely powder | 24.84 | 0.2181
CV-310123/11-00 | 50/50 Mg-atomized With tube | Loosely powder | 50.0156 | 0.4392
134648/KC104 134302
CV-311 |23/11-00 | M1-propellant With tube | Loosely powder | 25.09 | 0.2233
CV-312|23/11-00 | P96-29-2 134685 Mg | With tube | Loosely powder | 13.69 | 0.1202
CV-313 [24/11-00 | powder = Mg/Al With tube | Loosely powder | 22.86 | 0.2008
CV-314{24/11-00 | 134582 in particle size, | With tube | Loosely powder | 45.56 | 0.4001
50 Mg/50 KCIO4
CV-315| 5/12-00 |P-96-28-2 133516 Al | With tube | Loosely powder | 13.79 | 0.1211
CV-316| 5/12-00 | powder = Mg/Al With tube | Loosely powder | 22.80 | 0.2002
CV-317 | 5/12-00 | 134582 in particle size, | With tube | Loosely powder | 45.60 | 0.4005
50 Al/50 KCIO4
CV-318| 8/12-00 | RS-41 “Skarp” | Packed in bag 60.08 | 0.4005
CV-319 | 8/12-00 |delivered 30.4-98 1 Packed in bag 18.03 | 0.1202
CV-320| 8/12-00 | Packed in bag 30.10 | 0.2007
CV-321| 9/12-00 | Packed in bag 30.00 | 0.2000
CV-3221 9/12-00 | Packed in bag 90.00 | 0.6000
CV-323 | 31/1-01 |P-96-28-2 133516 Al I Packed in bag 30.00 | 0.2000
CV-3241| 31/1-01 |powder = Mg/Al I Packed in bag 18.11 | 0.1207
134582 in particle size,
50 A1/50 KCIO4
CV-325101/02-01 | P-96-28-1 133516 Al 11 Packed in bag 60.11 | 0.4007
CV-326|01/02-01 | powder = Mg/Al 11 Packed in bag 18.11 | 0.1207
CV-327|01/02-01 | 134582 in particle size, II Packed in bag 60.08 | 0.4005
49 A1/49 KCIO4/2 Res
CV-328 | 2/2-01 |P96-29-1 134685 Mg 111 Packed in bag 18.08 | 0.1205
CV-329| 2/2-01 |powder~Mg/Al 111 Packed in bag 30.15 | 0.2010
CV-330| 2/2-01 |134582 in particle size, I Packed in bag 60.00 | 0.4000

49 A1/49 KCIO4/2 Res

“Volume tube 36.0418 cm®.

Table 2.0.1 Firing conditions for performed Closed Vessel firings.




3 RESULTS

3.1

Mg and KClO4 mixtures
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We have used three different mixtures of magnesium and potassium perchlorate. Test
conditions is given in Table 2.1. The results from the firings are summarised in Table 3.1.

Firing | Composition Weight | Load density | Reaction | Maximum
No (2) (g/cm’®) Pressure

(bars)

CV-310|50/50 Mg-atomised 134648/ 50.0156 0.4392 Very fast

KCIO4 134302

CV-312 | P96-29-2 134685 Mg powder =~ 13.69 0.1202 Normal 327

CV-313 | Mg/Al 134582 in particle size, 22.86 0.2008 Normal 480.5

CV-314 |50 Mg/50 KClO4 45.56 0.4001 Normal 795

CV-328 | P96-29-1 134685 Mg powder =~ 18.08 0.1205 Normal 458.5

CV-329 | Mg/Al 134582 in particle size 30.15 0.2010 Normal 649

CV-330 |49 Al/49 KCIO4/2 Ca-Resinate 60.00 0.4000 Fast 1264.5

Table 3.1 Properties of the firings containing Mg.

The first shot, having a loading density of 0.44 g/cm’, did react very fast and the reaction is

more like a deflagration than a burn, Figure 3.1. The pressure-time curves for all firings are
given in Figure 3.1 to 3.7. For all firings with Mg-powder/KClO, the ignition of the mixture
takes place instantaneous with no delay.

50% Mg-atomisert 134648/50% KCI0O, 134302 (0.4392 g/cm®)

2000

1800 -
1600 -
1400 -
& 1200
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£ 1000 -
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0 50000 100000 . 150000 200000 250000
Time (us)
. . . . 3
Figure 3.1  Pressure-time curve for firing CV-310, load density 0.4382 g/cm’, 50/50

atomised Mg and KCIO,.
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P-96-29-2 134685 Mg Powder=Mg/Al 134582 in Particle Size(13.69 g)
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Figure 3.2 Pressure-time curve for firing CV-312, 50/50 Mg/KCIO,, load density 0.12 g/cm’.

P-96-29-2 134685 Mg Powder=Mg/Al 134582 in Particle Size (22.86 g)

—— CV-313 Load Density0.2 g/cm3 ‘
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Figure 3.3 Pressure-time curve for firing CV-313, 50/50 Mg/KCIO,, load density 0.20 g/cm’.
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P-96-29-2 134685 Mg Powder=Mg/Al 134582 in Particle Size (45.56 g)
900

—— CV-314 Load Density 0.4 g/em3 |

Prax= 795 bars
800 -

700 -

600 -

500 -

400

Pressure (bar)

300 1

200 -

100 -

100000 150000 200000 250000

L N

Time (us)
Figure 3.4  Pressure-time curve for firing CV-314, 50/50 Mg/KCIO,, load density 0.40 g/cm’.

P-96-29-1 (49/49/2) Mg/KCIO,/CaResinate
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Figure 3.5  Pressure-time curve for firing CV-328, 49/49/2 Mg/KCIOCa-res, load density 0.12
3
g/em’.
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P-96-29-1 Mg/KCIO,/Ca-Resinate (49/49/2)
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Figure 3.6 Pressure-time curve for firing CV-329, 49/49/2 Mg/KCIO4/Ca-res, load density
0.2 g/em’.
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Figure 3.7 Pressjure-time curve for firing CV-330, 49/49/2 Mg/KCIO/Ca-res, load density 0.40
g/em’.
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KCIO,
1400 Mg/kcio,
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Figure 3.8  Pressure-time curves for all CV- firings containing Mg/KCIO,.
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Figure 3.9  Parts of the pressure-time curves given in Figure 3.8.

For the firings (CV-312, CV-313, CV-314), where we use a steel tube inside the vessel to
protect the vessel and facilitate the cleaning process, we have obtained lower maximum
pressures than for the firings without the steel tube. Another difference between the results for
these two series of firings is the form of the curves. The two firings with lowest loading
densities have slower pressure rise with no steel tube in the vessel than the firings with steel
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tube in the vessel. The exception is for the highest load density, firing CV-330, which for the
first part of the reaction has a fast burning or a tendency towards a deflagration reaction,
Figure 3.8. One difference between the powders used in these two series is that the one carried
out with the steel tube in the vessel does not contain Ca-resinate. In Figure 3.10 we have

Mg/KCIO,
1600

—&—All firings
—— With Steel Tube y=16.611x + 148.17
1400 E‘mpty Greén Closed Vessel _
— — — Linezer (With Steel Tube) - M -
— - — - Linezer (Empty Green Closed Vessel) ‘ -

1200 | _ -7 y=14.548x + 135.16
~

1000

800 -

Pressure (bar)

600 -

400 -

200 -

0 10 20 30 40 50 60 70 80 90 100
Weight (g)

Figure 3.10 Maximum pressures as function of weights of magnesium compositions.

plotted maximum pressure as function of loaded amount of powder used in each firing. The
pressures for the first series of firings (CV-312 — CV-314) lie on more or less a straight line.
However, all points lie well below the second series of firings, especially if we take the
chamber volume into consideration. The firings with the steel tube inside the CV have a much

smaller volume available for the combustion products than the firings performed with a clean
CV without the steel tube.

For the second series of firings the pressures do not lie on a straight line, the firing with load
density 0.40 g/cm’ (or 60 g) does deviate. This deviation can by looking on the pressure-time
curves be explained by another reaction for CV-330 than for the other firings.

However, another strange observation for the firings of the Mg/KClO,4 compositions is, that the
pressure does not increase exponentially with increasing loading density as it does for
propellants and other CHNO-compositions.
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3.2 Al and KCIO4 mixtures

For aluminium we have used two different mixtures, one with calcium resinate, and one
mixture without Ca-resinate. Table 3.2 gives a summary of the measured pressures and other
information about the firings. Figure 3.11 to 3.18 gives all pressure-time curves. Figure 3.19
and 3.20 give a summery of all curves. The trends for the firings with Al-powder are more or
less the same as for the firings with Mg-powder. In general the firings with steel tube in the
CV give significantly lower pressures than the firings without. Firings where the composition
contains Ca-resinate, give slightly higher pressures.

Firing | Composition Weight | Load density | Reaction | Maximum
No (2) (g/cm’) Pressure
(bars)
CV-315 | P-96-28-2 133516 Al powder =| 13.79 0.1211 Normal 197.5
CV-316 | Mg/Al 134582 in particle size 22.80 0.2002 Very fast ~480
CV-317 |50 Al/50 KCIO4 45.60 0.4005 Normal 571
CV-323 | P-96-28-2 133516 Al powder =| 30.00 0.2000 Normal 463.5
CV-324 | Mg/Al 134582 in particle size 18.11 0.1207 Normal 319
50 Al/50 KCIO4
CV-325 | P-96-28-1 133516 Al powder =| 60.11 0.4007 Normal 875
CV-326 | Mg/Al 134582 in particle size 18.11 0.1207 Normal 356
CV-327 149 Al/49 KCIO4/2 Ca-Resinate | 60.08 0.4005 Normal 937.5

Table 3.2 Properties of Closed Vessel firings of compositions containing aluminium.

P-96-28-2 133516 Al Powder=134582 Mg/Al in Particle Size.

—CV-AI-315

Pmax=197.5 bar

200

150 A

Pressure (bar)

100 -

50 4

0 50000 100000 150000 200000 250000

Time (us)

Figure 3.11 Pressure-time curve for firing CV-315, 50/50 AI/KCIO,, load density 0.12 g/cn’.




17

P-96-28-2 133516 Al Powder=134582 Mg/Al in Particle Size.
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Figure 3.12  Pressure-time curve for firing CV-316, 50/50 AI/KCIO,, load density 0.20 g/cm’.

P-96-28-2 133516 Al Powder=134582 Mg/Al in Particle Size.
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Figure 3.13  Pressure-time curve for firing CV-317, 50/50 AI/KCIO,, load density 0.40 g/cm’.



P-96-28-2 133516 Al Powder=134582 Mg/Al in Particle Size.
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Figure 3.14  Pressure-time curve for firing CV-323, 50/50 AI/KCIO,, load density 0.20 g/cn’.

P-96-28-2 133516 Al Powder=134582 Mg/Al in Particle Size.
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Figure 3.15 Pressure-time curve for firing CV-324, 50/50 AI/KCIO,, load density 0.12 g/cm’.



P-96-28-1 133516 Al Powder = 134582 Mg/Al in Particle Size.
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Figure 3.16  Pressure-time curve CV-325, 49/49/2 Al/KCIO,/Ca-res, load density 0.40 g/cm’

P-26-28-2 133516 Al Powder=Mg/Al in Particle Size.
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Figure 3.17 Pressure-time curve for firing CV-326, 49/49/2 Al/KCIO4Ca-res, load density
0.12 g/em’
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P-96-28-1 133516 Al Powder=134582 Mg/Al in Particle Size.
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Figure 3.18  Pressure-time curve for firing CV-327, 49/49/2 Al/KCIO,/Ca-res, load density
0.40 g/em’.

As for the Mg-powder firings, gives one of the firing with Al-powder, firing CV-316, a
reaction that is faster than normal burning. This firing was carried out with a steel tube inside
the CV and loosely loaded powder.

One difference between the pressure-time curves for Mg and Al is that for the Al-curves the
ignition is much slower than for Mg. After the BP has been ignited there is a delay in the
ignition of the composition of up to 60.000 us for CV-315, the firing that has the lowest
amount of powder. For CV-315 the powder was loosely loaded. However, since the other two
firings with loosely load powder, CV-316 and CV-317, are among the firings having fastest
ignition, it may not explain the observed delay.

All firings with aluminium/potassium perchlorate give significantly lower maximum pressure,
burn rate or reaction rate than similar compositions containing Mg instead of Al.
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P-96-28-1 133516 Al-powder = 134582 Mg/Al in particle size
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Figure 3.19 Pressure-time curves for all firings with aluminium.
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Figure 3.20 Parts of the pressure-time curves given in Figure 3.19 enlarged.
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Figure 3.21 Maximum pressure as function of weight of aluminium powder for firings
containing aluminium and potassium perchlorate (1/1).

In Figure 3.21 maximum pressure as function of the loaded amount of powder for most firings
has been plotted. Firings under the same conditions can be connected with straight lines that
are nearly parallel to each other. Why we obtain these lines is difficult to explain but one of the
reasons may be that the consumption of material is not complete.
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For the composition RS-41 (24.5 wt.% Al/24.5 wt.% Mg/2 wt.% Resinate/49 wt.% KClO,) all
tests have been done in a clean vessel without any steel tube. We have performed 5 firings
with RS-41. For firing CV-320 we got a leakage of the vessel. However, the part of the
reaction we were able to register did follow the same pressure increase as for firing CV-321.

CV-321 was a repetition of the CV-320 firing. For the other firings, CV-318 has an

Firing Composition Weight | Load density | Reaction | Maximum
No (2) (g/cm’) Pressure
(bars)
CV-318 60.08 0.4005 Fast 1186.5
CV-319 RS-41 “Skarp” 18.03 0.1202 Normal 317
CV-320 delivered 30.4-98 30.10 0.2007 Normal 444%*
CV-321 30.00 0.2000 Normal 539.5
CV-322 90.00 0.6000 Normal 1604
*Leakage in the vessel
Table 3.3 Results and properties of CV-firings with RS-41 powder.
RS41"SKARP" lev 30.4.98
— CV-318 (Load Density 04 gloms) |
1600 -
1400 -
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Figure 3.22  Pressure-time curve for firing CV-318, RS-41, load density 0.40 g/cm’.
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RS-41 "Skarp" delivered 30.4.98
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Figure 3.23  Pressure-time curve for firing CV-319, RS-41, load density 0.12 g/cm’.
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Figure 3.24 Pressure-time curve for firing CV-320, RS-41, load density 0.20 g/cm’.
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Figure 3.25 Pressure-time curve for firing CV-321, RS-41, load density 0.20 g/cm
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Figure 3.26  Pressure-time curve for firing CV-322, RS-41, load density 0.60 g/cm’.
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Figure 3.27 Pressure-time curves for CV-firings with RS-41.
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Figure 3.28 Maximum pressures as function of load density for firings with RS-41.

abnormal pressure increase which is faster than one expects for a normal burn reaction.
However, the reaction did stop in the same way and does not go to detonation. If we plot the
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maximum pressure as function of loading density, we get a straight line that goes through the
point (0,0). The point for loading density 0.4 g/cm’ deviates from this line. However, if we
look at the pressure-time curve for CV-318, we see that after some few ps this firing will have
a pressure that fit to the curve given in Figure 3.28.

With regard to burn rate have we slightly slower burn rate or pressure increase for RS-41 than
for the Mg-powder firings, but faster than for the firings that contain Al-powder.

4 THEORETICAL CALCULATIONS

4.1 RS-41

In addition to the experimentally measuring pressures for given loading density of studied
compositions, we have tried to calculate, by the use of Cheetah (2), what pressure one should
expect to find in the closed vessel firings. Figure 4.1 gives calculated pressures for RS-41 +2 g
Black Powder and three other compositions with different ratio between Mg and Al powder.

Pressure as Function of Loading Density for Mg/Al/(Resinate)/KCIO, Compositions
350

—&—Experimentally
=—=X==RS-41 + 2 g BP, Calculated by Cheetah
= = = 24 Al/24 Mg/2 Resinate/50 KCIO4

25 Mg/20 Al/55 KCIO4
25 Mg/10 Al/65 KCIO4

300 -

250 -

200 -

150 -

Pressure (MPa)

100 -
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0 0.1 0.2 0.3 0.4 0.5 0.6
Load Density (g/cm®)

Figure 4.1  Experimentally measured and theoretically calculated pressures as function of
loading density for RS-41and similar compositions.

Appendix C gives the data used for the calculations, and the full report as it is obtained from
the Cheetah program for a representative choice of the performed calculations. The Cheetah
code has a problem with compositions containing too much magnesium. However for RS-41
with Black Powder there are no problems, while we for pure RS-41 get problems. The
composition 24/24/2/50 (Al/Mg/Res/KClO,) has a content very close to the nominal content in
RS-41. From Figure 4.1 we see that the experimental pressures are all significantly lower than
the theoretically calculated. In addition, the difference increase with increasing loading
density. For RS-41 there are no significant differences in maximum pressure due to Black
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Powder, Resinate or lower content of aluminium powder. Figure 4.2 gives the main products
and their concentration as a function of loading density for RS-41 + 2 g BP.

Product Concentration as Function of Loading Density for RS-41 + 2 g Black Powder

Al20 Gas_ K Gas _ CO Gas HCI Gas | Gas S Gas K2 Gas
MgO liquid C(s) solid — — — N2 Gas — — — KH Gas — — —H Gas — — —H2 Gas — — — C2H2 Gas 4.00E-01
1.00E+01 A
—_— T 3.50E-01
\
N\
\
8.00E+00 - \\ T 3.00E-01 _
—_ AN
2 \ g
= \ 5]
o £
E AN 1 250E-01 =
c \ i
0 6.00E+00 1 \ -
= \ c
s N 5
€ \ T 2.00E-01 8
3 -~ g
c ~ @
o N Q
o _— ~ 3
4 4.00E+00 - ~~_ + 1.50E-01
3 N 9
~
g s 3
o N a
S~ T 1.00E-01
200E400{ T e
+ 5.00E-02
0.00E+00 0.00E+00
0.1 0.2 0.3 0.4 0.5 0.6

Load Density (g/cm®)

Figure 4.2 Product concentration as a function of load density for RS-41 + 2 g Black
Powder.

Product Concentration as Function of Loading Density for Al/Mg/Res/KCIO, (24/24/2/50)
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Figure 4.3 Product concentration as a function of loading density for the main products of
Al/Mg/Res/KCIlO4 (24/24/2/59).
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Product Concentration as Function of Loading Density for RS-41 + 2 g Black Powder
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Figure 4.4 Product concentration as function of loading density for some of
the minor products of RS-41 + 2 g Black Powder after combustion.

Figure 4.4 gives some of the minor products with the highest concentrations. Totally the code
takes into consideration 68 products, but as can be seen in Appendix C, the majority of them
exist in very low concentrations and have no significant influence on the maximum pressure.
Figure 4.3 gives the main products for Al/Mg/Res/KClOy4 (24/24/2/50) with no BP, and
comparing the products and their concentration with the products for RS-41 + BP give only
small differences. For RS-41 + 2 g BP we get N2 (g) and CS (g) as new products but in low
concentrations.

4.2 Mg/KCl104

For magnesium and potassium perchlorate we were not able to use the same content in the
calculations as for the experimentally tested compositions due to the problem with the code to
handle high concentrations of magnesium. Figure 4.5 give a summery of calculated pressures
for some compositions. Appendix A gives the complete print-out from the Cheetah
programme, again taken into consideration that the BP used to ignite the compositions has no
significant influence on the maximum pressure. The difference between calculated and
experimentally measured pressures are significant and increase with increasing loading
density. The difference is of the same magnitude as for RS-41.

In Figure 4.6 the concentrations for the main products as function of loading density has been
given for Mg/KClO, (40/60) and for loading density 0.12 g/cm’ of the Mg/KClO4/BP
(40/50/10) composition. The difference between the concentrations of the main products is
small.
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Pressure as Function of Loading Density for Mg/KCIO, Compositions
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Figure 4.5  Experimentally measured and theoretically calculated pressures as function of
loading density for different compositions containing Mg-powder and KCIO,.

Product concentrations as function of loading density for Mg/KCIO,.
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Figure 4.6  Product concentration as function of loading density for Mg/KCIlO, and
Mg/KClO, + 2 g Black Powder.

4.3 AlVKClOy4

In Figure 4.7 the pressures for different compositions of Al-powder and potassium perchlorate
are calculated by use of viral coefficients and the Blake database in Cheetah code and shown
together with the experimentally measured pressures from testing in CV. For 50/50 AI/KC1O4
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we obtain higher pressures if we include the BP in the calculations. Beyond that the
calculations show little dependence on pressure for Al contents up to 50 wt%.. First at 60 wt.%
Al do the calculations show significant lower pressures. The experimentally measured
pressures are all significantly lower than the theoretically calculated, and the deviation increase
with increasing loading density.

Pressure as Function of Loading Density for AI/IKCIO, Compositions
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Figure 4.7  Experimentally measured and theoretically calculated pressures as function of
loading density for different compositions containing Al-powder and KCIO,.

Product concentration as function of loading density for AI/KCIO4(/BP)
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Figure 4.8  Product concentrations as function of loading density for Al/KCIO, and
Al/KCIlO4 + 2 g Black Powder.
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Product Concentration as Function of Load Denisty for 50Al/50 KCIO, + 2 g Black Powder
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Figure 4.9  Product concentrations as function of loading density for AI/KCIO4 + 2 g BP.

Figure 4.8 shows the product concentrations for the main products for both 50/50 AI/KClO4
and 50/50 AI/KClO4 + 2 g BP. There are differences in the concentrations, and as shown in
Figure 4.7, these differences have influence on the maximum pressure. However, these
difference decrease as the loading density increase. Figure 4.9 gives some of the minor
products for AI/KCIO4 + 2 g BP, while Appendix B gives the complete list.

5 SUMMARY

Pyrotechnic powders of different mixtures have been tested under different conditions in CV.
Measured pressure-time curves give indication of several reaction mechanism for tested
compositions. For the three main combinations (Al/KCIO4, Mg/KClO4, RS-41) all give one
firing with fast or very fast reaction rate. The burn rate or gas evolution rate is much higher
than what one normally connects with burning. The observed phenomenon is observed when
the powder was loosely packed as in the case of Al/KClO4 or the loading density was high as
in the case of RS-41 and Mg/KClO,.

Measured maximum pressures are in general significantly lower than the theoretical
calculations by use of Cheetah gives. In (1) we explained some of this deviation with
incomplete reactions of the metal powders. Another effect must be the loss of heat to the CV.
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APPENDIX

A THEORETICAL CALCULATION FOR Mg/KCl104, COMPOSITIONS

A.1 Loading density 0.12 g/cm® 40Mg/50 KCIO4 + 2 g Black Powder

Product library title: the blake product library
Executing library command: gas eos, virial
Reactant library title:# Version 2.0 by P. Clark Souers

Input>composition, sulfur, 1.07, susgkull, 1.499, potass nit, 7.417, ash,
0.014, potass per, 50, magnesium, 40, welght
The Composition

Name g wt. & mol % vol. Heat of Standard Standard Mol . Formula
formation volume entropy wt .
(cal/mol) (cc/mol) (cal/K/mol)
sulfur 1.07 1.58 1. 0 15.49 0.000 32.06 sl
susgkull 1.50 0.00 2.09 -4489962 12194.95 0.000 18292.43 c1321h573n40100s6
potass nit 7.42 3.47 7.37 -118069 48.03 0.000 101.10 nlo3kl
ash 0.01 0.00 0.02 -271989 106.31 0.000 138.20 clo3k2
potass per 50.00 17.07 41.36 -103250 54.81 0.000 138.55 o4cllkl
magnesium 40.00 77.87 48.08 0 13.97 0.000 24 .31 mgl

Heat of formation
Standard volume
Standard entropy
Standard energy

-463.180 cal/gm
0.478 cc/gm
0.000 cal/k/gm

-463.192 cal/gm

The elements and percent by mole

s 0.

c 2.476
h 1.073
n 1.684
o 38.210
k 9.928
cl 8.247
mg 37.608

The average mol. wt. = 47.314 g/mol

Input>gun, 0.120000, 0.013300, 0.150000
GUN calculation:
Rho Temp Pressure Impetus Mol Wt. Covol Frozen Phi
g/cc K MPa J/g Gas cc/g Cp/Cv
1.) 0.1200 5242.5 50.6 402 .93 108.182 0.171 1.057 1.021
2.) 0.1333 5246.8 56 .4 402 .43 108.406 0.171 1.057 1.023
3.) 0.1466 5250.7 62.2 401 .96 108.614 0.171 1.056 1.026

Product concentrations (mol/kg)

Name 1.) 2.) 3.)

k Gas 4.146e+000 4.127e+000 4.109e+000
cl Gas 3.311e+000 3.307e+000 3.303e+000
cs Gas 3.130e-001 3.143e-001 3.153e-001

hcl Gas 2.979e-001 3.022e-001 3.058e-001
cn Gas 2.958e-001 2.983e-001 3.006e-001
co Gas 2.633e-001 2.633e-001 2.633e-001
n2 Gas 1.967e-001 1.951e-001 1.935e-001

c Gas 1.492e-001 1.434e-001 1.383e-001
k2 Gas 8.549e-002 9.457e-002 1.036e-001

h Gas 7.253e-002 6.643e-002 6.124e-002

hcn  Gas 4.377e-002 4.477e-002 4.565e-002
kh Gas 2.779e-002 2.826e-002 2.865e-002

s Gas 2.272e-002 2.149e-002 2.042e-002

c2h2 Gas 8.849e-003 9.335e-003 9.775e-003
h2 Gas 4.200e-003 3.913e-003 3.659e-003

n Gas 3.443e-003 3.273e-003 3.125e-003
sh Gas 1.036e-003 9.973e-004 9.624e-004

cs2 Gas 4.872e-004 5.139e-004 5.394e-004
ns Gas 3.367e-004 3.357e-004 3.349e-004
s2 Gas 2.330e-004 2.315e-004 2.301e-004
ch2 Gas 1.381e-004 1.375e-004 1.366e-004
nh Gas 5.862e-005 5.679e-005 5.511e-005
cos Gas 3.506e-005 3.699e-005 3.886e-005
cho Gas 2.193e-005 2.250e-005 2.300e-005
ko Gas 2.016e-005 2.123e-005 2.226e-005

o Gas 1.172e-005 1.114e-005 1.064e-005

h2s Gas 9.567e-006 9.362e-006 9.156e-006
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koh Gas 3.989e-006 4.267e-006 4.532e-006
ch3 Gas 3.237e-006 3.277e-006 3.301e-006
nco Gas 2.901e-006 3.082e-006 3.258e-006
no Gas 2.294e-006 2.290e-006 2.286e-006

nh2 Gas 1.376e-006 1.356e-006 1.336e-006

oh Gas 1.261e-006 1.219e-006 1.180e-006

so Gas 9.880e-007 9.844e-007 9.813e-007

co2 Gas 5.492e-007 5.782e-007 6.061e-007
hnco Gas 1.759e-007 1.899e-007 2.034e-007
ch3cl Gas 1.435e-007 1.614e-007 1.790e-007
ketene Gas 1.040e-007 1.155e-007 1.268e-007
h2o Gas 8.155e-008 8.005e-008 7.855e-008
ch3cn Gas 5.026e-008 5.696e-008 6.360e-008
ch2o0 Gas 3.485e-008 3.640e-008 3.780e-008
nh3 Gas 2.127e-008 2.131e-008 2.128e-008
c2h4 Gas 1.302e-008 1.423e-008 1.534e-008
ch4 Gas 1.029e-008 1.057e-008 1.078e-008
hno Gas 5.783e-010 5.901e-010 6.005e-010
n2o Gas 5.040e-010 5.312e-010 5.576e-010
s2o0 Gas 4.379e-010 4.590e-010 4.792e-010

o2 Gas 8.521e-011 8.524e-011 §8.531e-011
ch2oh Gas 8.077e-012 8.633e-012 9.141e-012
so2 Gas 6.038e-012 6.334e-012 6.621e-012
formac Gas 5.364e-013 5.908e-013 6.439e-013
ho2 Gas 1.023e-013 1.047e-013 1.068e-013
no2 Gas 6.644e-014 7.023e-014 7.391e-014
ch4o Gas 2.689e-014 2.925e-014 3.143e-014
k2h202 Gas 1.080e-015 1.380e-015 1.721e-015
hno2 Gas 6.173e-016 6.651e-016 7.114e-016
h202 Gas 5.808e-016 6.048e-016 6.264e-016
mgo2h2 Gas 1.786e-018 1.767e-018 1.746e-018
mgo liquid 1.646e+001 1.646e+001 1.646e+001
*koh liquid 0.000e+000 0.000e+000 0.000e+000
mgo solid 0.000e+000 0.000e+000 0.000e+000
c(s) solid 0.000e+000 0.000e+000 1.827e-018
Total Gas 9.244e+000 9.225e+000 9.207e+000
Total Cond. 1.646e+001 1.646e+001 1.646e+001

A.2 40 Mg/60 KClO4

Input>composition, mg, 40, potass per, 60, welght
The Composition

Name g wt. % mol % vol. Heat of Standard Standard Mol . Formula
formation volume entropy wt .
(cal/mol) (cc/mol) (cal/K/mol)
mg 40.00 79.17 49.20 0 13.97 0.000 24 .31 mgl
potass per 60.00 20.83 50.80 -103250 54.81 0.000 138.55 o4cllkl

Heat of formation
Standard volume
Standard entropy
Standard energy

-447.130 cal/gm
0.467 cc/gm
0.000 cal/k/gm

-447.141 cal/gm

The elements and percent by mole

mg 38.778
o 40.815
cl 10.204
k 10.204
The average mol. wt. = 48.105 g/mol

Input>gun, 0.050000, 0.050000, 1.050000
GUN calculation:

Rho Temp Pressure Impetus Mol Wt. Covol Frozen Phi

g/cc K MPa J/g Gas cc/g Cp/Cv
1.) 0.0500 5408.5 21.0 412.61 108.988 0.158 1.056 1.008
2.) 0.1000 5434.5 42 .3 407.94 110.767 0.157 1.055 1.016
3.) 0.1500 5450.1 64.1 404 .77 111.956 0.157 1.054 1.024
4.) 0.2000 5461.1 86.5 402.31 112.868 0.157 1.054 1.032
5.) 0.2500 5469.6 109.6 400.26 113.622 0.157 1.053 1.041
6.) 0.3000 5476.6 133.4 398.48 114.275 0.157 1.053 1.050
7.) 0.3500 5482.5 157.9 396.88 114.859 0.158 1.053 1.058
8.) 0.4000 5487.7 183.3 395.41 115.394 0.158 1.052 1.068
9.) 0.4500 5492.3 209.6 394.04 115.893 0.159 1.052 1.077
10.) 0.5000 5496.5 236.7 392.75 116.364 0.159 1.052 1.087
11.) 0.5500 5500.4 264.9 391.52 116.813 0.160 1.052 1.096
12.) 0.6000 5504.1 294 .0 390.33 117.246 0.160 1.051 1.107
13.) 0.6500 5507.5 324.2 389.18 117.666 0.161 1.051 1.117
14.) 0.7000 5510.8 355.5 388.06 118.076 0.162 1.051 1.128
15.) 0.7500 5513.9 388.0 386.96 118.477 0.163 1.051 1.139
16.) 0.8000 5516.9 421.7 385.89 118.873 0.163 1.051 1.150
17.) 0.8500 5519.8 456 .8 384.83 119.263 0.164 1.050 1.162
18.) 0.9000 5522.7 493.2 383.78 119.650 0.165 1.050 1.174
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19.) 0.9500 5525.5 531.1 382.75 120.034 0.165 1.050 1.187
20.) 1.0000 5528.2 570.5 381.72 120.417 0.166 1.050 1.199
Product concentratlons (mol/kg)

Name .) 2.) 3.) 4.) 5.) 6.)
cl Gas 4.331e+000 4.331e+000 4.331e+000 4.331e+000 4.331e+000 4.331e+000
k Gas 3.996e+000 3.827e+000 3.707e+000 3.610e+000 3.526e+000 3.452e+000
o Gas 4.986e-001 3.724e-001 3.012e-001 2.538e-001 2.196e-001 1.934e-001
ko Gas 2.768e-001 3.955e-001 4.693e-001 5.215e-001 5.610e-001 5.922e-001
02 Gas 4.460e-002 4.837e-002 4.708e-002 4.466e-002 4.204e-002 3.951e-002
k2 Gas 2.904e-002 5.391e-002 7.721e-002 9.965e-002 1.216e-001 1.431e-001
mgo liqui 1.646e+001 1.646e+001 1.646e+001 1.646e+001 1.646e+001 1.646e+001
mgo solid 0.000e+000 0.000e+000 0.000e+000 0.000e+000 0.000e+000 0.000e+000
Total Gas 9.175e+000 9.028e+000 8.932e+000 8.860e+000 8.801e+000 8.751e+000
Total Con 1.646e+001 1.646e+001 1.646e+001 1.646e+001 1.646e+001 1.646e+001
Product concentratlons (mol/kg)
Name 7.) 8.) 9.) 10.) 11.) 12.)
cl Gas 4.331e+000 4.331e+000 4.331&+000 4.331e+000 4.331e+000 4.331e+000
k Gas 3.384e+000 3.320e+000 3.260e+000 3.202e+000 3.146e+000 3.092e+000
ko Gas 6.178e-001 6.391e-001 6.573e-001 6.730e-001 6.867e-001 6.988e-001
o Gas 1.725e-001 1.555e-001 1.413e-001 1.293e-001 1.189e-001 1.098e-001
k2  Gas 1.645e-001 1.857e-001 2.068e-001 2.278e-001 2.488e-001 2.698e-001
o2 Gas 3.716e-002 3.499e-002 3.301e-002 3.120e-002 2.954e-002 2.802e-002
mgo liqui 1.646e+001 1.646e+001 1.646e+001 1.646e+001 1.646e+001 1.646e+001
mgo solid 0.000e+000 0.000e+000 0.000e+000 0.000e+000 0.000e+000 0.000e+000
Total Gas 8.706e+000 8.666e+000 8.629e+000 8.594e+000 8.561e+000 8.529e+000
Total Con 1.646e+001 1.646e+001 1.646e+001 1.646e+001 1.646e+001 1.646e+001
Product concentrations (mol/kg)
Name 13.) L) 15.) 16.) 17.) 18.)
cl Gas 4.331e+000 4.3313+000 4.331e+000 4.331e+000 4.331e+000 4.331e+000
k Gas 3.039e+000 2.987e+000 2.936e+000 2.886e+000 2.836e+000 2.786e+000
ko Gas 7.096e-001 7.192e-001 7.280e-001 7.359e-001 7.432e-001 7.499e-001
k2 Gas 2.909e-001 3.120e-001 3.331e-001 3.544e-001 3.757e-001 3.971e-001
o Gas 1.018e-001 9.474e-002 8.840e-002 8.268e-002 7.750e-002 7.278e-002
o2 Gas 2.661e-002 2.532e-002 2.412e-002 2.300e-002 2.196e-002 2.099e-002
mgo 1liqui 1.646e+001 1.646e+001 1.646e+001 1.646e+001 1.646e+001 1.646e+001
mgo solid 0.000e+000 0.000e+000 0.000e+000 0.000e+000 0.000e+000 0.000e+000
Total Gas 8.499e+000 8.469e+000 8.440e+000 8.412e+000 8.385e+000 8.358e+000
Total Con 1.646e+001 1.646e+001 1.646e+001 1.646e+001 1.646e+001 1.646e+001
Product concentrations (mol/kg)
Name 19.) 20.
cl Gas 4.331e+000 4.331e+000
k Gas 2.737e+000 2.688e+000
ko Gas 7.560e-001 7.617e-001
k2 Gas 4.187e-001 4.403e-001
o Gas 6.846e-002 6.450e-002
o2 Gas 2.008e-002 1.923e-002
mgo liquid 1.646e+001 1.646e+001
mgo solid 0.000e+000 0.000e+000
Total Gas 8.331e+000 8.304e+000
Total Cond. 1.646e+001 1.646e+001

B THEORETICAL CALCULATION FOR AVKC104 COMPOSITIONS

B.1 0.12 AVKCI1O4 + 2 g Black Powder

Product library title: the blake product library

Executing library command: gas eos, virial

Reactant library title:# Version 2.0 by P. Clark Souers

Input>composition, al, 45, potass per, 45, potass nit, 7.417, sulfur, 1.07,
susqgkull, 1.499, ash 0. 014 welght

The Composition

Name g wt. % mol % vol. Heat of Standard Standard Mol. Formula
formation volume entropy wt .
(cal/mol) (cc/mol) (cal/K/mol)
al 45.00 79.44 42.18 0 9.99 0.000 26.98 all
potass per 45.00 15.47 45.04 -103250 54 .81 0.000 138.55 o4cllkl
potass nit 7.42 3.49 8.92 -118069 48.03 0.000 101.10 nlo3kl
sul fur 1.07 1.59 1.31 0 15.49 0.000 32.06 sl
susqgkull 1.50 0.00 2.53 -4489962 12194.95 0.000 18292 .43 ¢1321h573n40100s6
ash 0.01 0.00 0.03 -271989 106.31 0.000 138.20 clo3k2

Heat of formation
Standard volume

-425.919 cal/gm
0.395 cc/gm
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Standard entropy
Standard energy

= 0.000 cal/k/gm
= -425.929 cal/gm
The elements and percent by mole
al 39.884
36.536
.767
.527
.762
.810
.591
.123
The average mol. wt. = 47.631 g/mol

1

SOOI A N0
RMhbokN\

Input>gun, 0.120000, 0.013300, 0.146600
GUN calculation:

Rho Temp Pressure Impetus Mol Wt. Covol
g/cc K MPa J/g Gas
1.) 0.1200 3782.2 55.7 443.19 70.958 0.273
2.) 0.1333 3786.0 62.1 442 .86 71.081 0.273
3.) 0.1466 3789.5 68.6 442 .53 71.201 0.272
Product concentrations (mol/kg)
Name 1. . 3.)
al2o0 Gas 5.386e+000 5.383e+000 5.381e+000
k Gas 3.663e+000 3.632e+000 3.601e+000
cl Gas 2.791e+000 2.790e+000 2.790e+000
co Gas 1.025e+000 1.020e+000 1.014e+000
hcl Gas 4.573e-001 4.578e-001 4.582e-001
n2 Gas 3.673e-001 3.673e-001 3.672e-001
k2 Gas 1.575e-001 1.731e-001 1.884e-001
s2 Gas 9.589e-002 9.472e-002 9.336e-002
s Gas 7.636e-002 7.216e-002 6.844e-002
cs Gas 4.485e-002 4.922e-002 5.345e-002
cs2 Gas 7.569e-003 8.685e-003 9.805e-003
kh Gas 4.682e-003 4.692e-003 4.701e-003
cos Gas 4.500e-003 4.712e-003 4.906e-003
sh Gas 3.211e-003 3.050e-003 2.906e-003
h Gas 3.072e-003 2.786e-003 2.550e-003
ns Gas 1.642e-003 1.645e-003 1.645e-003
so Gas 1.046e-003 9.466e-004 8.637e-004
ko Gas 6.028e-004 5.771e-004 5.548e-004
co2 Gas 5.873e-004 5.588e-004 5.341e-004
koh Gas 4.034e-004 3.864e-004 3.716e-004
cn Gas 3.520e-004 3.921e-004 4.325e-004
h2 Gas 3.351e-004 3.049e-004 2.799e-004
hcn  Gas 1.748e-004 1.945e-004 2.144e-004
n Gas 7.424e-005 7.129e-005 6.875e-005
no Gas 4.413e-005 4.036e-005 3.724e-005
o Gas 4.291e-005 3.727e-005 3.282e-005
h2s Gas 2.948e-005 2.806e-005 2.678e-005
s2o0 Gas 2.652e-005 2.516e-005 2.393e-005
c Gas 1.238e-005 1.312e-005 1.383e-005
oh Gas 8.220e-006 7.159e-006 6.320e-006
alho2 Gas 7.599e-006 6.797e-006 6.148e-006
cho Gas 5.249e-006 5.312e-006 5.371e-006
alo2 Gas 2.888e-006 2.589e-006 2.347e-006
so2 Gas 2.481e-006 2.149e-006 1.885e-006
h2o Gas 1.642e-006 1.432e-006 1.266e-006
halo Gas 1.353e-006 1.273e-006 1.204e-006
nco Gas 1.001e-006 1.069e-006 1.135e-006
nh Gas 7.925e-007 7.659e-007 7.431e-007
hnco Gas 1.556e-007 1.664e-007 1.768e-007
c2h2 Gas 1.045e-007 1.293e-007 1.568e-007
o2 Gas 7.968e-008 6.621e-008 5.602e-008
nh2 Gas 2.380e-008 2.309e-008 2.248e-008
ch2 Gas 1.411e-008 1.508e-008 1.603e-008
n2o Gas 1.042e-008 1.013e-008 9.884e-009
ch2o0 Gas 7.821e-009 7.953e-009 8.080e-009
hno Gas 2.540e-009 2.351e-009 2.195e-009
nh3 Gas 7.174e-010 6.980e-010 6.814e-010
ch3 Gas 6.568e-010 7.038e-010 7.496e-010
ketene Gas 4.226e-010 5.006e-010 5.839e-010
ch3cl Gas 3.917e-010 4.655e-010 5.447e-010
no2 Gas 5.626e-011 4.973e-011 4.453e-011
k2h202 Gas 3.700e-011 3.785e-011 3.866e-011
formac Gas 2.672e-011 2.606e-011 2.550e-011
ho2 Gas 2.094e-011 1.762e-011 1.508e-011
ch4 Gas 3.349e-012 3.587e-012 3.819e-012
ch3cn Gas 5.726e-013 7.552e-013 9.715e-013
hno2 Gas 3.006e-013 2.675e-013 2.410e-013
ch2oh Gas 1.829e-013 1.884e-013 1.937e-013
h202 Gas 1.174e-013 9.919e-014 8.528e-014
c2h4 Gas 4.440e-014 5.539e-014 6.767e-014

cc/g Cp/Cv
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ch4o Gas 7.112e-016 7.356e-016 7.594e-016
al203 liquid 2.953e+000 2.955e+000 2.958e+000
*koh liquid 0.000e+000 0.000e+000 0.000e+000
c(s) solid 0.000e+000 0.000e+000 0.000e+000
al203 solid 0.000e+000 0.000e+000 0.000e+000
Total Gas 1.409e+001 1.407e+001 1.404e+001
Total Cond. 2.953e+000 2.955e+000 2.958e+000

B.2 Load Density 0.2 g/cm® AI/KCIO4 + 2 g Black Powder

Al svart Kkrutt

Product library title: the blake product library
Executing library command: gas eos, virial

Reactant library title:# Version 2.0 by P. Clark Souers

Input>composition, al, 75, potass per, 75, potass nit, 7.417, sulfur, 1.07,
susqgkull, 1.499, ash, 0.014, weilight
The Composition
Name g wt. % mol % vol Heat of Standard Standard Mol . Formula
formation volume entropy wt .
(cal/mol) (cc/mol) (cal/K/mol)
al 46.88 81.09 44.45 0 9.99 0.000 26.98 all
potass per 46.88 15.79 47.47 -103250 54 .81 0.000 138.55 o4cllkl
potass nit 4.64 2.14 5.64 -118069 48.03 0.000 101.10 nlo3kl
sulfur 0.67 0.97 0.83 0 15.49 0.000 32.06 s1
susqgkull 0.94 0.00 1.60 -4489962 12194.95 0.000 18292 .43 ¢1321h573n40100s6
ash 0.01 0.00 0.02 -271989 106.31 0.000 138.20 clo3kz2
Heat of formation = -405.928 cal/gm
Standard volume = 0.391 cc/gm
Standard entropy = 0.000 cal/k/gm
Standard energy = -405.937 cal/gm
The elements and percent by mole
al 42.163
o 36.312
cl 8.211
k 9.327
n 1.118
S 0.514
c 1.644
h 0.712
The average mol. wt. = 46.676 g/mol
Input>gun, 0.20000, 0.013300, 0.226600
GUN calculation:
Rho Temp Pressure Impetus Mol Wt. Covol Frozen Phi
g/cc K MPa J/g Gas cc/g Cp/Cv
1.) 0.2000 3719.1 92.1 428 .30 72.200 0.260 1.115 1.055
2.) 0.2133 3721.3 98.7 428.00 72.293 0.260 1.115 1.059
Product concentrations (mol/kg)
Name 1.) 2.)
al2o0 Gas 5.862e+000 5.861e+000
k Gas 3.358e+000 3.331e+000
cl Gas 3.094e+000 3.094e+000
co Gas 6.229e-001 6.198e-001
hcl Gas 2.893e-001 2.894e-001
k2 Gas 2.412e-001 2.549e-001
n2 Gas 2.296e-001 2.296e-001
s2 Gas 5.441e-002 5.341e-002
cs Gas 4.285e-002 4.518e-002
s Gas 3.895e-002 3.735e-002
cs2 Gas 8.004e-003 8.639e-003
cos Gas 2.859e-003 2.928e-003
kh Gas 2.146e-003 2.143e-003
sh Gas 9.031e-004 8.689e-004
ns Gas 8.872e-004 8.838e-004
h Gas 8.020e-004 7.531e-004
so Gas 3.320e-004 3.100e-004
cn Gas 3.146e-004 3.368e-004
ko Gas 2.994e-004 2.906e-004
co2 Gas 2.189e-004 2.119e-004
koh Gas 1.197e-004 1.163e-004
hcn Gas 9.253e-005 9.897e-005
h2 Gas 5.064e-005 4.766e-005
n Gas 3.478e-005 3.389e-005
no Gas 1.354e-005 1.279e-005
o Gas 1.162e-005 1.062e-005
c Gas 9.064e-006 9.390e-006
s2o0 Gas 8.929e-006 8.549e-006
h2s Gas 4.533e-006 4.363e-006
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cho Gas 1.517e-006 1.528e-006
alho2 Gas 1.483e-006 1.382e-006
oh Gas 1.278e-006 1.170e-006
alo2 Gas 9.014e-007 8.415e-007
nco Gas 5.538e-007 5.775e-007
so2 Gas 4.962e-007 4.510e-007
halo Gas 3.776e-007 3.630e-007
nh Gas 2.001e-007 1.958e-007
h2o0 Gas 1.524e-007 1.397e-007
hnco Gas 5.057e-008 5.278e-008
c2h2 Gas 4.772e-008 5.452e-008
o2 Gas 1.312e-008 1.166e-008
nh2 Gas 3.388e-009 3.323e-009
n2o Gas 3.371e-009 3.317e-009
ch2 Gas 3.217e-009 3.351e-009
ch2o0 Gas 1.251e-009 1.263e-009
hno Gas 3.996e-010 3.807e-010
ketene Gas 1.205e-010 1.341e-010
ch3cl Gas 1.192e-010 1.330e-010
ch3 Gas 8.671e-011 9.047e-011
nh3 Gas 5.916e-011 5.814e-011
no2 Gas 9.638e-012 8.924e-012
k2h202 Gas 6.170e-012 6.239e-012
formac Gas 2.606e-012 2.565e-012
ho2 Gas 1.764e-012 1.580e-012
ch4 Gas 2.483e-013 2.587e-013
ch3cn Gas 1.501e-013 1.788e-013
hno2 Gas 2.767e-014 2.572e-014
ch2oh Gas 1.411e-014 1.437e-014
c2h4 Gas 5.610e-015 6.429e-015
h202 Gas 5.470e-015 4.917e-015
ch4o Gas 3.078e-017 3.143e-017
al203 liquid 2.824e+000 2.826e+000
*koh l1iquid 0.000e+000 0.000e+000
c(s) solid 0.000e+000 0.000e+000
al203 solid 0.000e+000 0.000e+000
Total Gas 1.385e+001 1.383e+001
Total Cond. 2.824e+000 2.826e+000

B.3 Load Density 0.4 g/cm3 AVKCIOy4 + 2 g Black Powder

Product library title: the blake product library
Executing library command: gas eos, virial
Reactant library title:# Version 2.0 by P. Clark Souers

Input>composition, al, 150, potass per, 150, potass nit, 7.417,
1.07, susgkull, 1.499, ash, 0.014, weight o
The Composition

Name g wt. % mol % vol. Heat of Standard Standard Mol .
formation volume entropy wt .
(cal/mol) (cc/mol) (cal/K/mol)
al 48.39 82.37 46.32 0 9.99 0.000 26.98
potass per 48.39 16.04 49.47 -103250 54 .81 0.000 138.55
potass nit 2.39 1.09 2.94 -118069 48.03 0.000 101.10
sulfur 0.35 0.49 0.43 0 15.49 0.000 32.06
susgkull 0.48 0.00 0.83 -4489962 12194.95 0.000 18292 .43
ash 0.00 0.00 0.01 -271989 106.31 0.000 138.20
Heat of formation = -389.805 cal/gm
Standard volume = 0.387 cc/gm
Standard entropy = 0.000 cal/k/gm
Standard energy = -389.815 cal/gm
The eliments and pegcent by mole
a .
o 36.126
cl 8.579
k 9.162
n 0.584
S 0.268
c 0.859
h 0.372
The average mol. wt. = 45.934 g/mol
Input>gun, 0.40000, 0.013300, 0.426600
GUN calculation:
Rho Temp Pressure Impetus Mol Wt. Covol Frozen
g/cc K MPa J/g Gas cc/g Cp/Cv

1.) 0.4000 3668.0 190.6 413.53 73.751 0.248 1.115
2.) 0.4133 3669.2 197.8 413.29 73.819 0.248 1.115
3.) 0.4266 3670.4 205.0 413.05 73.885 0.247 1.115

1

sulfur,

Formula

all

odcllkl

nlo3kl

s1
c1321h573n40100s6
clo3k2

Phi

.110
.114
.118
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Product concentrations (mol/kg)

Name 1.) 2.) 3.)
al2o0 Gas 6.250e+000 6.250e+000 6.249e+000
cl Gas 3.342e+000 3.342e+000 3.342e+000
k Gas 2.891e+000 2.869e+000 2.847e+000
k2 Gas 4.191e-001 4.300e-001 4.407e-001
co Gas 3.061e-001 3.050e-001 3.040e-001
hcl Gas 1.503e-001 1.503e-001 1.503e-001
n2 Gas 1.185e-001 1.185e-001 1.185e-001
cs Gas 3.479e-002 3.564e-002 3.648e-002
s2 Gas 2.192e-002 2.148e-002 2.104e-002
s Gas 1.497e-002 1.455e-002 1.414e-002
cs2 Gas 6.783e-003 7.009e-003 7.230e-003
cos Gas 1.442e-003 1.456e-003 1.469e-003
kh Gas 8.070e-004 8.043e-004 8.016e-004
ns Gas 3.796e-004 3.772e-004 3.748e-004
cn Gas 2.674e-004 2.779e-004 2.885e-004
sh Gas 1.645e-004 1.602e-004 1.561e-004
h Gas 1.432e-004 1.382e-004 1.335e-004
ko Gas 1.349e-004 1.324e-004 1.301e-004
so Gas 7.500e-005 7.190e-005 6.899e-005
co2 Gas 6.154e-005 6.041e-005 5.933e-005
hcn  Gas 3.901e-005 4.052e-005 4.205e-005
koh Gas 2.735e-005 2.688e-005 2.643e-005
n Gas 1.378e-005 1.359e-005 1.340e-005
c Gas 6.147e-006 6.263e-006 6.379e-006
h2 Gas 4.497e-006 4.350e-006 4.212e-006
no Gas 3.221e-006 3.123e-006 3.031e-006
o Gas 2.397e-006 2.28le-006 2.174e-006
s20 Gas 2.031e-006 1.966e-006 1.903e-006
h2s Gas 3.780e-007 3.679e-007 3.582e-007
cho Gas 3.221e-007 3.238e-007 3.254e-007
nco Gas 2.753e-007 2.823e-007 2.894e-007
alo2 Gas 2.327e-007 2.243e-007 2.165e-007
alho2 Gas 2.014e-007 1.941e-007 1.874e-007
oh Gas 1.292e-007 1.232e-007 1.176e-007
halo Gas 7.918e-008 7.752e-008 7.595e-008
so2 Gas 6.658e-008 6.297e-008 5.963e-008
nh Gas 3.687e-008 3.646e-008 3.606e-008
c2h2 Gas 1.657e-008 1.786e-008 1.921e-008
hnco Gas 1.256e-008 1.290e-008 1.324e-008
h2o Gas 7.875e-009 7.519e-009 7.189e-009
o2 Gas 1.531e-009 1.435e-009 1.347e-009
n2o Gas 9.086e-010 9.033e-010 8.984e-010
ch2 Gas 5.000e-010 5.117e-010 5.233e-010
nh2 Gas 3.015e-010 2.987e-010 2.960e-010
ch2o0 Gas 1.263e-010 1.272e-010 1.281e-010
hno Gas 4.332e-011 4.226e-011 4.127e-011
ch3cl Gas 2.589e-011 2.757e-011 2.930e-011
ketene Gas 2.468e-011 2.624e-011 2.786e-011
ch3 Gas 6.656e-012 6.821e-012 6.986e-012
nh3 Gas 2.612e-012 2.593e-012 2.575e-012
no2 Gas 1.257e-012 1.208e-012 1.163e-012
k2h202 Gas 7.801e-013 7.840e-013 7.880e-013
formac Gas 1.521e-013 1.512e-013 1.504e-013
ho2 Gas 9.340e-014 8.807e-014 8.319e-014
ch3cn Gas 2.710e-014 2.994e-014 3.301e-014
ch4 Gas 8.856e-015 9.057e-015 9.257e-015
hno2 Gas 1.675e-015 1.614e-015 1.558e-015
ch2o0h Gas 6.040e-016 6.115e-016 6.190e-016
c2h4 Gas 3.809e-016 4.102e-016 4.410e-016
h2o02 Gas 1.377e-016 1.302e-016 1.233e-016
ch4o Gas 6.339e-019 6.430e-019 6.522e-019
al203 liquid 2.716e+000 2.717e+000 2.717e+000
*koh liquid 0.000e+000 0.000e+000 0.000e+000
c(s) solid 0.000e+000 0.000e+000 0.000e+000
al203 solid 0.000e+000 0.000e+000 0.000e+000
Total Gas 1.356e+001 1.355e+001 1.353e+001
Total Cond. 2.716e+000 2.717e+000 2.717e+000

B.4 50 Al/50 KCl1O4

Product library title: the blake product library
Executing library command: gas eos, virial

Reactant library title:# Version 2.0 by P. Clark Souers

The Composition

Name g wt. % mol % vol. Heat of Standard Standard Mol . Formula
formation volume entropy wt .
(cal/mol) (cc/mol) (cal/K/mol)
al 50.00 83.70 48.36 0 9.99 0.000 26.98 all
potass per 50.00 16.30 51.64 -103250 54 .81 0.000 138.55 o4cllkl



Heat of formation
Standard volume
Standard entropy
Standard energy

-372.608
0.383
0.000

-372.617

40

cal/gm
cc/gm
cal/k/gm
cal/gm

The elements and percent by mole

al 46.116
o 35.923
cl 8.981
k 8.981
The average mol. wt. = 45.168

g/mol

Input>composition, al, 50, potass per, 50, weight

The Composition

Name g wt. % mol % vol. Heat of Standard Standard Mol .
formation volume entropy wt .
(cal/mol) (cc/mol) (cal/K/mol)
al 50.00 83.70 48.36 0 9.99 0.000 26.98
potass per 50.00 16.30 51.64 -103250 54 .81 0.000 138.55
Heat of formation = -372.608 cal/gm
Standard volume = 0.383 cc/gm
Standard entropy = 0.000 cal/k/gm
Standard energy = -372.617 cal/gm
The elements and percent by mole
al 46.116
o 35.923
cl 8.981
k 8.981
The average mol. wt. = 45.168 g/mol
Input>gun, 0.100000, 0.100000, 1.050000
GUN calculation:
Rho Temp Pressure Impetus Mol Wt. Covol Frozen
g/cc K MPa J/g Gas cc/g Cp/Cv
1.) 0.1000 3564.6 42 .2 408 .22 72.605 0.245 1.120 1
2.) 0.2000 3572.0 86.8 405.90 73.172 0.243 1.119 1
3.) 0.3000 3578.4 134.1 403 .84 73.678 0.241 1.118 1
4.) 0.4000 3584.2 184 .3 401.97 74.138 0.239 1.117 1
5.) 0.5000 3589.3 237.5 400.26 74.562 0.238 1.117 1
6.) 0.6000 3594.1 294 .1 398.67 74.958 0.236 1.116 1
7.) 0.7000 3598.4 354.3 397.18 75.330 0.234 1.116 1
8.) 0.8000 3602.5 418.3 395.78 75.682 0.233 1.116 1
9.) 0.9000 3606.2 486 .5 394 .45 76.017 0.231 1.116 1
10.) 1.0000 3609.8 559.2 393.18 76.338 0.229 1.116 1
Product concentrations (mol/kg)
Name .) 2.) 3.) 4.) 5.)
al2o Gas 6.681e+000 6.681e+000 6.681e+000 6.681e+000 6.681e+000
cl Gas 3.609e+000 3.609e+000 3.609e+000 3.609e+000 3.609e+000
k Gas 3.359e+000 3.145e+000 2.958e+000 2.789e+000 2.636e+000
k2 Gas 1.250e-001 2.318e-001 3.256e-001 4.098e-001 4.865e-001
ko Gas 1.763e-004 1.211e-004 9.594e-005 8.059e-005 6.990e-005
o Gas 1.032e-005 3.624e-006 1.943e-006 1.235e-006 8.595e-007
alo2 Gas 6.245e-007 2.693e-007 1.650e-007 1.165e-007 8.870e-008
o2 Gas 9.685e-009 2.421e-009 1.063e-009 5.855e-010 3.642e-010
al203 1iq 2.585e+000 2.585e+000 2.585e+000 2.585e+000 2.585e+000
all2o3 sol 0.000e+000 0.000e+000 0.000e+000 0.000e+000 0.000e+000
Total Gas 1.377e+001 1.367e+001 1.357e+001 1.349e+001 1.341e+001
Total Con 2.585e+000 2.585e+000 2.585e+000 2.585e+000 2.585e+000
Product concentrations (mol/kg)
Name 7.) 8.) 9.) 10.)
al?o0 Gas 6.681e+000 6.681e+000 6.681e+000 6.681e+000
cl Gas 3.609e+000 3.609e+000 3.609e+000 3.609e+000
k  Gas 2.362e+000 2.239e+000 2.122e+000 2.012e+000
k2 Gas 6.232e-001 6.850e-001 7.433e-001 7.985e-001
ko Gas 5.551e-005 5.032e-005 4.598e-005 4.227e-005
o Gas 4.848e-007 3.815e-007 3.064e-007 2.500e-007
alo2 Gas 5.847e-008 4.941e-008 4.252e-008 3.711e-008
o2 Gas 1.727e-010 1.266e-010 9.540e-011 7.348e-011
al203 liquid 2.585e+000 2.585e+000 2.585e+000 2.585e+000
al203 solid 0.000e+000 0.000e+000 0.000e+000 0.000e+000
Total Gas 1.327e+001 1.321e+001 1.315e+001 1.310e+001
Total Cond. 2.585e+000 2.585e+000 2.585e+000 2.585e+000

Formula

all
odcllkl

Phi

N oSyl wao

.025
.051
.078
.106
.135
.165
.196
.229
.262
.298

6.)

.681e+000
.609e+000
.494e+000
.573e-001
.186e-005
.333e-007
.086e-008
.444e-010
.585e+000
.000e+000

.334e+001
.585e+000
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C THEORETICAL CALCULATIONS FOR Mg/ A/KC104 COMPOSITIONS

C.1 0.12 g/em® RS-41 + 2 g Black Powder

0.014,

welght
Formula

mgl

all

odcllkl
nlo3kl
c40h5804mgl

sl
c1321h573n40100s6
clo3k2

Phi

1.036
1.040

Input>composition, magnesium, 22.05, al, 22.05, potass per, 44.1, potass
nit, 7.417, resinat, 1.8, sulfur, 1.07, susgkull, 1.499, ash,
The Composition
Name g wt. % mol % vol. Heat of Standard Standard Mol .
formation volume entropy wt .
(cal/mol) (cc/mol (cal/K/mol)
magnesium 22.05 42.15 28.16 0 13.97 0.000 .31
al 22.05 37.97 18.15 0 9.99 0.000 26.98
potass per 44.10 14.79 38.77 -103250 54.81 0.000 138.55
potass nit 7.42 3.41 7.83 -118069 48.03 0.000 101.10
resinat 1.80 0.13 3.70 -23901 580.75 0.000 627.20
sulfur 1.07 1.55 1.15 0 15.49 0.000 32.06
susqgkull 1.50 0.00 2.22 -4489962 12194.95 0.000 18292 .43
ash 0.01 0.00 0.02 -271989 106.31 0.000 138.20
Heat of formation = -419.898 cal/gm
Standard volume = 0.450 cc/gm
Standard entropy = 0.000 cal/k/gm
Standard energy = -419.909 cal/gm
The elements and percent by mole
mg 20
al 18.181
o 33.666
cl 7.081
k 8.718
n 1.639
c 4.965
h 4.748
S 0.753
The average mol. wt. = 46.457 g/mol
Input>gun, 0.120000, 0.013300, 0.13330000
GUN calculation:
Rho Temp Pressure Impetus Mol Wt. Covol Frozen
g/cc K MPa J/g Gas cc/g Cp/Cv
1.) 0.1200 3983.6 57.6 457 .19 72.448 0.290 1.108
2.) 0.1333 3987.9 64.3 456.94 72.566 0.289 1.108
Product concentrations (mol/kg)
Name 1.) .
al2o0 Gas 4.086e+000 4.086e+000
k Gas 3.590e+000 3.562e+000
co Gas 1.941e+000 1.941e+000
hcl Gas 1.869e+000 1.879e+000
cl Gas 1.314e+000 1.304e+000
n2 Gas 3.501e-001 3.501e-001
cs Gas 2.352e-001 2.346e-001
k2 Gas 1.337e-001 1.472e-001
kh Gas 6.035e-002 6.127e-002
h Gas 5.275e-002 4.842e-002
h2 Gas 4.958e-002 4.621e-002
s Gas 3.771e-002 3.636e-002
hcn Gas 2.832e-002 2.842e-002
sh Gas 1.559e-002 1.529e-002
s2 Gas 1.217e-002 1.252e-002
cs2 Gas 1.037e-002 1.104e-002
cn Gas 7.344e-003 7.288e-003
cos Gas 2.766e-003 2.973e-003
c2h2 Gas 2.703e-003 2.717e-003
h2s Gas 1.380e-003 1.373e-003
ns Gas 7.851e-004 8.027e-004
koh Gas 6.589e-004 7.220e-004
c Gas 4.070e-004 3.842e-004
co2 Gas 1.615e-004 1.745e-004
cho Gas 1.593e-004 1.641e-004
n Gas 1.538e-004 1.477e-004
ko Gas 1.272e-004 1.377e-004
so Gas 7.362e-005 7.680e-005
ch2 Gas 4.177e-005 4.075e-005
h2o0 Gas 3.610e-005 3.643e-005
oh Gas 2.295e-005 2.285e-005
nh Gas 1.728e-005 1.691e-005
ch3 Gas 1.655e-005 1.637e-005
o Gas 1.374e-005 1.348e-005
no Gas 1.081e-005 1.117e-005
halo Gas 8.089e-006 8.185e-006
nh2 Gas 4.782e-006 4.753e-006
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alho2 Gas 4.575e-006 4.973e-006
hnco Gas 3.834e-006 4.173e-006
nco Gas 3.031e-006 3.254e-006
ch3cl Gas 2.794e-006 3.043e-006
ch2o0 Gas 2.313e-006 2.424e-006
ketene Gas 1.539e-006 1.673e-006
nh3 Gas 1.236e-006 1.247e-006
ch4 Gas 7.435e-007 7.444e-007
s2o0 Gas 5.529e-007 6.170e-007
alo2 Gas 2.569e-007 2.765e-007
ch3cn Gas 1.486e-007 1.613e-007
c2h4 Gas 1.339e-007 1.391e-007
so2 Gas 2.398e-008 2.704e-008
hno Gas 7.868e-009 8.327e-009

o2 Gas 3.770e-009 3.996e-009

n2o Gas 2.593e-009 2.848e-009
formac Gas 1.198e-009 1.359e-009
ch2oh Gas 7.920e-010 8.509e-010
k2h202 Gas 7.849e-011 1.051e-010
ch4o Gas 2.881le-011 3.146e-011
ho2 Gas 1.262e-011 1.370e-011
no2 Gas 2.810e-012 3.169e-012
h202 Gas 6.871e-013 7.589e-013
hno2 Gas 1.597e-013 1.835e-013
mgo2h2 Gas 4.892e-017 5.012e-017
mgo liquid 9.101e+000 9.101e+000
c(s) solid 0.000e+000 0.000e+000
mgo solid 0.000e+000 0.000e+000
*koh liquid 0.000e+000 0.000e+000
al203 solid 0.000e+000 0.000e+000
al203 liquid 0.000e+000 0.000e+000
Total Gas 1.380e+001 1.378e+001
Total Cond. 9.101e+000 9.101e+000

C2 040 g/cm3 RS-41, + 2 g Black Powder

Input>composition, potass per, 47.42, al, 23.71, magnesium, 23.71, resinat, 1.9355,
potass nit, 2.39, sulfur, 0.345, susgkull, 0.4835, weight
The Composition

Name g wt. % mol % vol. Heat of Standard Standard Mol . Formula
formation volume entropy wt .
(cal/mol) (cc/mol) (cal/K/mol)

potass per 47.42 15.32 42.07 -103250 54 .81 0.000 138.55 o,cl;k;
al 23.71 39.33 19.70 0 9.99 0.000 26.98 al,
magnesium 23.71 43.67 30.56 0 13.97 0.000 24.31 mg,
resinat 1.94 0.14 4.02 -23901 580.75 0.000 627.20 c,oh.g0,mg,
potass nit 2.39 1.06 2.55 -118069 48.03 0.000 101.10 Hﬁ%il
sulfur 0.35 0.48 0.37 0 15.49 0.000 32.06 s,
susgkull 0.48 0.00 0.72 -4489962 12194.95 0.000 18292.43 Ci35751,0,0554
Heat of formation = -383.240 cal/gm
Standard volume = 0.446 cc/gm
Standard entropy = 0.000 cal/k/gm
Standard energy = -383.251 cal/gm
The elements and pe§§ent by mole

o

cl 7.765

k 8.302

al 19.937

mg 22.203

c 3.593

h 4.404

n 0.539

s 0.248
The average mol. wt. = 44.760 g/mol
Input>gun, 0.400000, 0.01330000, 0.440000
GUN calculation:

Rho Temp Pressure Impetus Mol Wt. Covol Frozen Phi

g/cc K MPa J/g Gas cc/g Cp/Cv
1.) 0.4000 4281.3 195.6 422 .01 84 .355 0.231 1.090 1.102
2.) 0.4133 4282.9 203.0 421.78 84.431 0.231 1.090 1.106
3.) 0.4266 4284 .4 210.5 421 .55 84.507 0.231 1.090 1.109
4.) 0.4399 4285.9 218.1 421 .32 84.583 0.231 1.090 1.113

Product concentrations (mol/kg)
Name 1.) 2.) 3.) 4.)
al2o0 Gas 4.394e+000 4.394e+000 4.394e+000 4.394e+000
k  Gas 2.987e+000 2.969e+000 2.951e+000 2.934e+000
hcl Gas 1.744e+000 1.746e+000 1.749e+000 1.751e+000



cl Gas 1.679e+000

co Gas 3.692e-001

k2 Gas 3.039e-001

cs Gas 9.920e-002

n2 Gas 9.199e-002

kh Gas 6.457e-002
hcn  Gas 3.776e-002
h Gas 2.457e-002

h2 Gas 1.737e-002
c2h2 Gas 1.674e-002
cn Gas 1.549e-002

s Gas 5.026e-003

sh Gas 1.831e-003

c Gas 1.438e-003

cs2 Gas 9.997e-004
s2 Gas 3.616e-004
cos Gas 1.680e-004
h2s Gas 1.331e-004
koh Gas 1.121e-004
n Gas 1.095e-004

ns Gas 1.081e-004
ch2 Gas 1.047e-004
cho Gas 5.331e-005
ko Gas 3.349e-005
ch3 Gas 3.035e-005
ch3cl Gas 1.326e-005
nh Gas 1.187e-005
co2 Gas 5.698e-006
halo Gas 3.591e-006
nh2 Gas 2.666e-006
h2o0 Gas 2.473e-006
oh Gas 2.350e-006

o Gas 1.867e-006

so Gas 1.818e-006
ketene Gas 1.735e-006
nco Gas 1.210e-006
no Gas 1.077e-006
hnco Gas 1.056e-006
ch4 Gas 9.863e-007
ch3cn Gas 9.013e-007
c2h4 Gas 7.474e-007
ch2o0 Gas 6.764e-007
nh3 Gas 5.119e-007
alho2 Gas 2.392e-007
alo2 Gas 2.478e-008
s2o0 Gas 3.655e-009
hno Gas 9.953e-010
ch2oh Gas 3.440e-010
n2o Gas 2.956e-010
so2 Gas 1.045e-010
o2 Gas 9.626e-011
formac Gas 7.037e-011
ch4o Gas 1.037e-011
k2h202 Gas 6.641e-012
ho2 Gas 4.122e-013
no2 Gas 8.575e-014
h202 Gas 1.947e-014
hno2 Gas 4.778e-015
mgo2h2 Gas 8.205e-018
mgo liquid 9.787e+000
c(s) solid 1.026e+000
mgo solid 0.000e+000
*koh liquid 0.000e+000
al203 solid 0.000e+000
al203 1liquid 0.000e+000
Total Gas 1.185e+001
Total Cond. 1.081e+001
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.676e+000
.692e-001
.127e-001
.911e-002
.224e-002
.464e-002
.743e-002
.378e-002
.691e-002
.639e-002
.532e-002
.012e-003
.835e-003
.392e-003
.034e-003
.732e-004
.746e-004
.338e-004
.168e-004
.081e-004
.103e-004
.024e-004
.391e-005
.476e-005
.981e-005
.351e-005
.178e-005
.927e-006
.623e-006
.660e-006
.507e-006
.371e-006
.875e-006
.889e-006
.768e-006
.246e-006
.104e-006
.093e-006
.703e-007
.083e-007
.361e-007
.875e-007
.132e-007
.508e-007
.591e-008
.933e-009
.029e-009
.524e-010
.109e-010
.130e-010
.006e-010
.454e-011
.068e-011
.505e-012
.344e-013
.194e-014
.063e-014
.153e-015
.367e-018
.787e+000
.027e+000
.000e+000
.000e+000
.000e+000
.000e+000

.184e+001
.081e+001

Ml OO0 00 U1 O N NIk g 0o Lo Lo R A U7 03 L0 O bbb b DO A A G0 U N G0 U kb b b b b G0 b b b O b D Lo Oy Lo o o o

C.3 0.60 g/cm3 RS-41, + 2 g Black Powder

Input>compos1tlon
1.957, potass nit,

[0

Name ¢ wt. %

potass perd7.94 15.
al 23.97 39.

magnesium 23 .97 43
resinat 1.96 0

potass nit 1.61 0.

potass per, 47.93, a
1.612, sulfur, 0.233,
The Comp051tlon

Q

mol % vol.

40 42.59
54 19.94
.89 30.94
.14 4.07
71 1.72

1,

.674e+000
.692e-001
.214e-001
.901e-002
.251e-002
.471e-002
.707e-002
.304e-002
.646e-002
.602e-002
.514e-002
.003e-003
.842e-003
.348e-003
.069e-003
.856e-004
.815e-004
.346e-004
.217e-004
.068e-004
.127e-004
.001e-004
.451e-005
.609e-005
.928e-005
.375e-005
.171e-005
.167e-006
.658e-006
.655e-006
.545e-006
.395e-006
.886e-006
.964e-006
.800e-006
.283e-006
.132e-006
.129e-006
.541e-007
.136e-007
.238e-007
.988e-007
.147e-007
.632e-007
.711e-008
.237e-009
.065e-009
.609e-010
.272e-010
.224e-010
.052e-010
.896e-011
.099e-011
.475e-012
.584e-013
.866e-014
.188e-014
.561e-015
.541e-018
.787e+000
.028e+000
.000e+000
.000e+000
.000e+000
.000e+000

.183e+001
.082e+001

M OO0 OO0 UTAY O A 00 gk G Lo B N R U7 Oy 80 L0 b b b bt b D G D Lo Oy s b D G0 O b et et b bt b G et et b G s b R G0 Oy L0 W0 Lo o

.671e+000
.692e-001
.301e-001
.890e-002
.277e-002
.477e-002
.673e-002
.234e-002
.604e-002
.566e-002
.496e-002
.994e-003
.848e-003
.306e-003
.105e-003
.981e-004
.885e-004
.354e-004
.267e-004
.055e-004
.151e-004
.795e-005
.510e-005
.744e-005
.876e-005
.398e-005
.163e-005
.410e-006
.691e-006
.650e-006
.582e-006
.419e-006
.897e-006
.041e-006
.832e-006
.320e-006
.161e-006
.167e-006
.383e-007
.188e-007
.118e-007
.100e-007
.161e-007
.759e-007
.834e-008
.557e-009
.101e-009
.695e-010
.439e-010
.323e-010
.099e-010
.353e-011
.131e-011
.541e-012
.831e-013
.057e-013
.317e-014
.992e-015
.715e-018
.787e+000
.030e+000
.000e+000
.000e+000
.000e+000
.000e+000

.182e+001
.082e+001

MR QOO LOVOVUVINKRN L ORORRWWRRNNDMONYNVNLOORRRRNDRDLDNDMDWORRNMDOLWOORRRRRORRRARRRDDOWOOOWWR

23.96, magnesium, 23.96, resinat,

susqkull

0.326 welght

Heat of Standard Standard Mol . Formula
formation volume entr

(cal/mol) cc/mg%)(cal/K/mol)

opy wt.

-103250 . 0.000 138.55 o4cllikl

0 9.99 0.000 26.98 all

0 13.97 0.000 24.31 mgl
-23901 580.75 0.000 627.20 c40h5804mgl
-118069 48.03 0.000 101.10 nlo3kl
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sul fur 0.23 0.32 0.25 0 15.49 0.000 32.06 s1
susgkull  0.33 0.00 0.49-4489962 12194.95 0.00018292.43 Cy3,105731,0,005¢

Heat of formation
Standard volume
Standard entropy
Standard energy

-377.636 cal/gm
0.445 cc/gm
0.000 cal/k/gm

-377.647 cal/gm

The elements and percent by mole
o 32

cl 7.874
k 8.237
al 20.212
mg 22.509
c 3.377
h 4.351
n 0.365
s 0.168
The average mol. wt. = 44.512 g/mol

Input>gun, 0.600000, 0.01330000, 0.640000
GUN calculation:

Rho Temp Pressure Impetus Mol Wt. Covol Frozen Phi
g/cc K MPa J/g Gas cc/g Cp/Cv
1.) 0.6000 4343.2 309 .4 413.55 87.324 0.222 1.087 1.154
2.) 0.6133 4344.4 317.8 413.33 87.392 0.222 1.087 1.157
3.) 0.6266 4345.5 326.2 413.12 87.460 0.222 1.087 1.161
4.) 0.6399 4346.6 334.7 412.90 87.527 0.222 1.087 1.165
Product concentrations (mol/kg)
Name 1.) 2.) 3.) 4.)
al2o0 Gas 4.441e+000 4.441e+000 4.441e+000 4.441e+000
k Gas 2.725e+000 2.709e+000 2.693e+000 2.678e+000
hcl Gas 1.749e+000 1.751e+000 1.752e+000 1.754e+000
cl Gas 1.711e+000 1.709e+000 1.708e+000 1.706e+000
k2 Gas 4.147e-001 4.226e-001 4.304e-001 4.382e-001
co Gas 1.291e-001 1.291e-001 1.290e-001 1.290e-001
cs Gas 6.706e-002 6.701e-002 6.696e-002 6.691e-002
kh Gas 6.552e-002 6.548e-002 6.543e-002 6.538e-002
n2 Gas 6.036e-002 6.051e-002 6.065e-002 6.079e-002
hcn  Gas 2.751e-002 2.731e-002 2.713e-002 2.694e-002
h Gas 1.719e-002 1.677e-002 1.637e-002 1.598e-002
c2h2 Gas 1.323e-002 1.300e-002 1.278e-002 1.256e-002
h2 Gas 1.231e-002 1.206e-002 1.182e-002 1.158e-002
cn Gas 1.179e-002 1.169e-002 1.159e-002 1.150e-002
s Gas 3.385e-003 3.380e-003 3.375e-003 3.369e-003
sh Gas 1.277e-003 1.280e-003 1.283e-003 1.285e-003
c Gas 1.125e-003 1.097e-003 1.070e-003 1.045e-003
cs2 Gas 6.615e-004 6.789e-004 6.963e-004 7.139e-004
s2 Gas 2.372e-004 2.432e-004 2.492e-004 2.552e-004
h2s Gas 9.217e-005 9.248e-005 9.276e-005 9.303e-005
ch2 Gas 8.633e-005 8.481e-005 §8.336e-005 8.195e-005
n Gas 8.402e-005 8.326e-005 8.252e-005 8.179e-005
ns Gas 7.854e-005 7.988e-005 §8.121e-005 8.254e-005
koh Gas 6.445e-005 6.649e-005 6.853e-005 7.061e-005
cos Gas 6.319e-005 6.515e-005 6.714e-005 6.916e-005
ch3 Gas 2.502e-005 2.466e-005 2.431e-005 2.398e-005
cho Gas 2.271e-005 2.292e-005 2.313e-005 2.333e-005
ko Gas 1.973e-005 2.030e-005 2.086e-005 2.144e-005
ch3cl Gas 1.671e-005 1.693e-005 1.716e-005 1.739e-005
nh Gas 9.593e-006 9.545e-006 9.499e-006 9.453e-006
halo Gas 2.553e-006 2.572e-006 2.590e-006 2.608e-006
nh2 Gas 2.198e-006 2.195e-006 2.192e-006 2.189e-006
co2 Gas 1.144e-006 1.179e-006 1.215e-006 1.252e-006
h2o0 Gas 1.033e-006 1.046e-006 1.058e-006 1.070e-006
oh Gas 9.910e-007 9.992e-007 1.007e-006 1.015e-006
ch3cn Gas 8.074e-007 8.113e-007 8.154e-007 8.195e-007
ketene Gas 7.972e-007 8.086e-007 8.203e-007 8.321e-007
o Gas 7.833e-007 7.872e-007 7.908e-007 7.945e-007
ch4 Gas 7.824e-007 7.711e-007 7.601e-007 7.494e-007
so Gas 7.147e-007 7.370e-007 7.594e-007 7.821e-007
c2h4 Gas 6.119e-007 6.025e-007 5.936e-007 5.849e-007
nco Gas 5.393e-007 5.522e-007 5.653e-007 5.785e-007
hnco Gas 4.654e-007 4.780e-007 4.908e-007 5.038e-007
no Gas 4.470e-007 4.561e-007 4.652e-007 4.743e-007
nh3 Gas 4.248e-007 4.258e-007 4.267e-007 4.277e-007
ch2o Gas 2.981e-007 3.019e-007 3.058e-007 3.097e-007
alho2 Gas 9.105e-008 9.456e-008 9.813e-008 1.018e-007
alo2 Gas 9.993e-009 1.036e-008 1.072e-008 1.110e-008
s2o0 Gas 1.448e-009 1.535e-009 1.624e-009 1.717e-009
hno Gas 4.689e-010 4.818e-010 4.948e-010 5.080e-010
ch2oh Gas 1.734e-010 1.767e-010 1.799e-010 1.832e-010
n2o Gas 1.381e-010 1.438e-010 1.497e-010 1.558e-010
so2 Gas 2.374e-011 2.528e-011 2.687e-011 2.855e-011
o2 Gas 2.317e-011 2.400e-011 2.484e-011 2.570e-011
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formac Gas 1.838e-011 1.924e-011 2.011e-011 2.102e-011
ch4o Gas 5.354e-012 5.474e-012 5.595e-012 5.718e-012
k2h202 Gas 3.536e-012 3.877e-012 4.243e-012 4.638e-012
ho2 Gas 1.126e-013 1.174e-013 1.224e-013 1.275e-013
no2 Gas 2.337e-014 2.471e-014 2.611e-014 2.756e-014
h202 Gas 5.489e-015 5.747e-015 6.012e-015 6.285e-015
hno2 Gas 1.377e-015 1.462e-015 1.551e-015 1.644e-015
mgo2h2 Gas 4.131e-018 4.200e-018 4.269e-018 4.339e-018
mgo liquid 9.891e+000 9.891e+000 9.891e+000 9.891e+000
c(s) solid 1.220e+000 1.221e+000 1.222e+000 1.222e+000
mgo solid 0.000e+000 0.000e+000 0.000e+000 0.000e+000
*koh l1iquid 0.000e+000 0.000e+000 0.000e+000 0.000e+000
al203 solid 0.000e+000 0.000e+000 0.000e+000 0.000e+000
al203 liquid 0.000e+000 0.000e+000 0.000e+000 0.000e+000
Total Gas 1.145e+001 1.144e+001 1.143e+001 1.143e+001
Total Cond. 1.111e+001 1.111e+001 1.111e+001 1.111e+001

C.4 The Composition 24 Al/24 Mg/2 Res/50 KClO4

Product library title: the blake product library
Executing library command: gas eos, virial
Reactant library title:# Version 2.0 by P. Clark Souers

Input>composition, potass per, 50, al, 24, resinat, 2, magnesium, 24, welght
The Composition

Name g wt. % mol % vol. Heat of Standard Standard Mol . Formula
formation volume entropy wt .
(cal/mol) (cc/mol) (cal/K/mol)

potass per 50.00 16.10 44.63 -103250 54.81 0.000 138.55 odcllkl
al 24.00 39.69 20.06 0 9.99 0.000 26.98 all
resinat 2.00 0.14 4.18 -23901 580.75 0.000 627.20 c40h5804mgl
magnesium 24.00 44.06 31.13 0 13.97 0.000 24 .31 mgl
Heat of formation = -373.370 cal/gm
Standard volume = 0.443 cc/gm
Standard entropy = 0.000 cal/k/gm
Standard energy = -373.381 cal/gm
The elements and percent by mole

o 33.319

cl 8.257

k 8.257

al 20.351

c 2.918

h 4.232

mg 22.666
The average mol. wt. = 44.623 g/mol
Input>gun, 0.100000, 0.100000, 1.000000
GUN calculation:

Rho Temp Pressure Impetus Mol Wt. Covol Frozen Phi

g/cc K MPa J/g Gas cc/g Cp/Cv

1.) 0.1000 4314.3 44 .5 429.65 83.491 0.225 1.091 1.023
2.) 0.2000 4348.8 91.9 427.95 84 .493 0.224 1.090 1.047
3.) 0.3000 4367.2 142 .3 426.17 85.204 0.223 1.089 1.072
4.) 0.4000 4380.0 196.1 424 .42 85.807 0.223 1.088 1.098
5.) 0.5000 4390.0 253.6 422.71 86.352 0.223 1.088 1.125
6.) 0.6000 4398.5 315.0 421.04 86.863 0.222 1.088 1.154
7.) 0.7000 4406.0 380.7 419.41 87.348 0.222 1.087 1.184
8.) 0.8000 4412.8 451 .1 417.82 87.816 0.222 1.087 1.216
9.) 0.9000 4419.1 526.6 416.26 88.270 0.221 1.087 1.249
10.) 1.0000 4425.0 607.7 414.74 88.712 0.221 1.087 1.283
Product concentrations (mol/kg)
Name 1. 2.) 3.) 4.) 5.) 6.)
alZo Gas 4.447e+000 4.447e+000 4.447e+000 4.447e+000 4.447e+000 4.447e+000
k Gas 3.395e+000 3.245e+000 3.107e+000 2.977e+000 2.854e+000 2.735e+000
cl Gas 2.075e+000 1.986e+000 1.945e+000 1.920e+000 1.903e+000 1.890e+000
hcl Gas 1.534e+000 1.623e+000 1.664e+000 1.689e+000 1.706e+000 1.719e+000
co Gas 2.088e-001 2.088e-001 2.088e-001 2.087e-001 2.087e-001 2.087e-001
h Gas 8.970e-002 5.181e-002 3.611e-002 2.734e-002 2.169e-002 1.773e-002
k2 Gas 8.000e-002 1.518e-001 2.194e-001 2.837e-001 3.454e-001 4.049e-001
kh Gas 5.369e-002 6.054e-002 6.313e-002 6.410e-002 6.429e-002 6.401e-002
h2 Gas 4.324e-002 2.795e-002 2.068e-002 1.633e-002 1.341e-002 1.129e-002
c2h2 Gas 4.244e-002 2.901e-002 2.221e-002 1.802e-002 1.516e-002 1.306e-002
c Gas 7.828e-003 4.311e-003 2.946e-003 2.207e-003 1.741e-003 1.419e-003
ch2 Gas 2.798e-004 1.963e-004 1.519e-004 1.238e-004 1.042e-004 8.975e-005
ch3 Gas 5.603e-005 4.373e-005 3.571e-005 3.019e-005 2.616e-005 2.308e-005
cho Gas 2.139e-005 2.642e-005 2.974e-005 3.247e-005 3.497e-005 3.739e-005
koh Gas 1.015e-005 2.360e-005 3.885e-005 5.585e-005 7.478e-005 9.588e-005
ch3cl Gas 5.875e-006 8.684e-006 1.067e-005 1.232e-005 1.382e-005 1.528e-005
ko Gas 4.449e-006 9.420e-006 1.479e-005 2.060e-005 2.690e-005 3.378e-005
halo Gas 2.016e-006 2.474e-006 2.758e-006 2.976e-006 3.164e-006 3.337e-006
ch4 Gas 1.352e-006 1.156e-006 9.777e-007 8.394e-007 7.313e-007 6.449e-007
o Gas 1.108e-006 1.223e-006 1.296e-006 1.355e-006 1.407e-006 1.456e-006
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c2h4 Gas 1.079e-006 9.410e-007 8.009e-007 6.884e-007 5.986e-007
oh Gas 9.662e-007 1.190e-006 1.333e-006 1.447e-006 1.547e-006
h2o Gas 6.841e-007 9.316e-007 1.101e-006 1.241e-006 1.369e-006
keteneGas 4.858e-007 6.940e-007 8.451e-007 9.758e-007 1.100e-006
co2 Gas 3.686e-007 7.674e-007 1.212e-006 1.710e-006 2.270e-006
ch2o0 Gas 1.909e-007 2.672e-007 3.208e-007 3.658e-007 4.074e-007
alho2 Gas 1.419e-008 3.477e-008 6.019e-008 9.094e-008 1.279e-007
alo2 Gas 2.195e-009 4.992e-009 8.322e-009 1.226e-008 1.692e-008
ch2oh Gas 7.208e-011 1.209e-010 1.594e-010 1.937e-010 2.267e-010
o2 Gas 6.602e-012 1.517e-011 2.534e-011 3.731e-011 5.133e-011
formacGas 2.217e-012 6.557e-012 1.259e-011 2.051e-011 3.072e-011
chdo Gas 1.521e-012 2.876e-012 4.029e-012 5.104e-012 6.171e-012
ho2 Gas 1.983e-014 5.421e-014 9.965e-014 1.573e-013 2.293e-013
k2h202Gas 1.099e-014 1.222e-013 5.191e-013 1.506e-012 3.567e-012
h202 Gas 6.584e-016 2.037e-015 3.991e-015 6.574e-015 9.911e-015
mgo2h2Gas 2.388e-018 3.591e-018 4.496e-018 5.297e-018 6.069e-018
mgo liqui 9.906e+000 9.906e+000 9.906e+000 9.906e+000 9.906e+000
c(s)solid 9.736e-001 1.004e+000 1.019e+000 1.028e+000 1.035e+000
mgo solid 0.000e+000 0.000e+000 0.000e+000 0.000e+000 0.000e+000
*koh liqu 0.000e+000 0.000e+000 0.000e+000 0.000e+000 0.000e+000
al2o3 sol 0.000e+000 0.000e+000 0.000e+000 0.000e+000 0.000e+000
al2o03 1ig 0.000e+000 0.000e+000 0.000e+000 0.000e+000 0.000e+000
Total Gas 1.198e+001 1.184e+001 1.174e+001 1.165e+001 1.158e+001
Total Con 1.088e+001 1.091e+001 1.093e+001 1.093e+001 1.094e+001
Product concentrations (mol/kg)
Name 7.) 8.) 9.) 10.)
al2o Gas 4.447e+000 4.447e+000 4.447e+000 4.447e+000
k Gas 2.620e+000 2.509e+000 2.401e+000 2.296e+000
cl Gas 1.880e+000 1.872e+000 1.865e+000 1.860e+000
hcl Gas 1.729e+000 1.737e+000 1.743e+000 1.749e+000
k2 Gas 4.625e-001 5.184e-001 5.729e-001 6.261e-001
co Gas 2.086e-001 2.086e-001 2.086e-001 2.085e-001
kh Gas 6.345e-002 6.270e-002 6.180e-002 6.080e-002
h Gas 1.479e-002 1.252e-002 1.072e-002 9.252e-003
c2h2 Gas 1.146e-002 1.019e-002 9.159e-003 8.304e-003
h2 Gas 9.683e-003 8.418e-003 7.393e-003 6.545e-003
c Gas 1.182e-003 1.000e-003 8.565e-004 7.397e-004
koh Gas 1.195e-004 1.459e-004 1.757e-004 2.094e-004
ch2 Gas 7.856e-005 6.961e-005 6.227e-005 5.613e-005
ko Gas 4.130e-005 4.956e-005 5.868e-005 6.876e-005
cho Gas 3.982e-005 4.234e-005 4.498e-005 4.778e-005
ch3 Gas 2.064e-005 1.866e-005 1.702e-005 1.564e-005
ch3cl Gas 1.675e-005 1.826e-005 1.986e-005 2.157e-005
co2 Gas 3.615e-006 4.425e-006 5.345e-006 6.395e-006
halo Gas 3.501e-006 3.663e-006 3.825e-006 3.990e-006
oh Gas 1.734e-006 1.827e-006 1.922e-006 2.021e-006
h2o0 Gas 1.616e-006 1.745e-006 1.879e-006 2.023e-006
o Gas 1.504e-006 1.552e-006 1.601e-006 1.651e-006
ketene Gas 1.354e-006 1.493e-006 1.643e-006 1.809e-006
ch4 Gas 5.743e-007 5.153e-007 4.653e-007 4.222e-007
ch2o Gas 4.899e-007 5.333e-007 5.796e-007 6.294e-007
c2h4d Gas 4.656e-007 4.148e-007 3.713e-007 3.336e-007
alho2 Gas 2.258e-007 2.903e-007 3.683e-007 4.630e-007
alo2 Gas 2.894e-008 3.668e-008 4.590e-008 5.691e-008
ch2o0h Gas 2.951e-010 3.325e-010 3.732e-010 4.182e-010
o2 Gas 8.710e-011 1.098e-010 1.366e-010 1.682e-010
formac Gas 6.045e-011 8.174e-011 1.090e-010 1.440e-010
k2h202 Gas 1.440e-011 2.621e-011 4.580e-011 7.765e-011
ch4o Gas 8.459e-012 9.750e-012 1.118e-011 1.280e-011
ho2 Gas 4.299e-013 5.679e-013 7.393e-013 9.528e-013
h202 Gas 1.961e-014 2.652e-014 3.531e-014 4.651e-014
mgo2h2 Gas 7.681e-018 8.571e-018 9.547e-018 1.063e-017
mgo liquid 9.906e+000 9.906e+000 9.906e+000 9.906e+000
c(s) solid 1.043e+000 1.045e+000 1.048e+000 1.049e+000
mgo solid 0.000e+000 0.000e+000 0.000e+000 0.000e+000
*koh 1iquid 0.000e+000 0.000e+000 0.000e+000 0.000e+000
al203 solid 0.000e+000 0.000e+000 0.000e+000 0.000e+000
al2o03 1liquid 0.000e+000 0.000e+000 0.000e+000 0.000e+000
Total Gas 1.145e+001 1.139e+001 1.133e+001 1.127e+001
Total Cond. 1.095e+001 1.095e+001 1.095e+001 1.096e+001

MR OO0OORLVLARNWNAONNMRANRRRG

.258e-007
.642e-006
.492e-006
.225e-006
.901e-006
.483e-007
.724e-007
.242e-008
.602e-010
.779e-011
.377e-011
.277e-012
.188e-013
.466e-012
.418e-014
.854e-018
.906e+000
.039e+000
.000e+000
.000e+000
.000e+000
.000e+000

.151e+001
.095e+001
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