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Abstract: The article presents a comparison of the influence of price change of the components of
pyrotechnic compositions producing an acoustic effect on their manufacturing costs. The analysis
was based on the prices of raw materials in 1981 and 2021. The influence of price fluctuations
of individual raw materials on the final cost of composites was determined. The impact of price
changes on the profitability of pyrotechnic composition manufacturing was evaluated for the adopted
models. The conducted economic analysis allowed for the determination of pyrotechnic compositions
characterised by the lowest manufacturing costs, in terms of the unit cost, and for the assumed
industrial models.
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1. Introduction

In order to ensure optimum performance, pyrotechnic compositions must meet a num-
ber of technical requirements for their correct functioning and performance, related mainly
to the safety of their use [1-13]. These criteria are usually defined in relevant standards and
legal acts that regulate the conditions of use, manufacturing and storage [14,15]. Currently,
the environmental impact of finished products is also evaluated. These requirements may
change over the years, which may lead to cessation of the manufacturing of compositions
that no longer meet them (e.g., as a result of tightening environmental protection standards)
or necessitate modification of their components. This may also result in the need to change
the methods of manufacturing using new tools or methods not directly resulting from
technological change.

One of the economic criteria taken into account in the manufacture of pyrotechnic
compositions is the total cost of their manufacture. For the purposes of this analysis, the
term “manufacturing cost” will be used, which stands for the sum of the costs of the
individual components of the pyrotechnic’s composition. The analysis does not include
other production costs related to, e.g., machine work, human labour, storage, transport,
taxation and logistics. As the analysis was performed for data from a long period of 40 years
(from 1981 and 2021), very significant social and economic changes, as well as significant
technological change, took place during this period. The analysis of production costs would
require the introduction of many complex variables, which would significantly increase its
complexity, and the interpretation of results would be very ambiguous. In contrast, it is
relatively simple to compare manufacturing costs. Cost analysis is comparative without
reference to purchasing values and the real value of money for the period in question.
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Despite the passage of time, a very important economic criterion is obtaining the lowest
possible manufacturing and production costs.

2. Price Change of Groups of Components Used for the Manufacture of
Pyrotechnic Compositions

The analysis was performed for the prospective compositions selected in Part I and
Part II [16,17]. The research on pyrotechnic compositions was based on a mathematical
model of an experiment, the use of which allowed for good prediction of the performance
properties of the composition, and thus, a reduction in the number of tests performed.

The compositions were tested for reliability and evaluated in terms of friction sen-
sitivity, measurement of the sound intensity level, burning rate, flash fire temperature
and the ability to perform mechanical work (Trauzl lead block test). In addition, a test
concerning the change of properties of pyrotechnic compositions during storage and a
determination of stability using differential thermal analysis (DTA) were also performed.
The percentage content of components of individual pyrotechnic compositions along with
their designations are shown in Tables 1 and 2.

Table 1. The percentage content of components of prospective pyrotechnic compositions from the
M-1 group, obtained using mathematical modelling [16].

Content of Individual Components (%)

Designation

KC1 04 Fez (0} 3 Al S
1A 38 19 28 15
1B 42 13 30 15
1C 38 15 32 15
2A 30 25 20 25
2B 36 17 22 25
2C 35 14 26 25
3A 34 5 26 35
3B 35 15 15 35
3C 28 10 27 35

Table 2. The percentage content of components of prospective pyrotechnic compositions from the
M-1 group, obtained using mathematical modelling [16].

Content of Individual Components (%)

Designation

KCl1O4 Fe, O3 PAM * S
4A 36 18 26 20
4B 35 18 27 20
4C 39 14 27 20
5A 35 20 20 25
5B 37 17 21 25
5C 38 15 22 25
6A 30 20 20 30
6B 37 13 20 30
6C 29 18 23 30

* An alloy with 50% magnesium and 50% aluminum called “magnalium” (PAM) in the form of a powder.

Price changes of individual pyrotechnic composition components in 1981 and 2021 are
shown in Table 3.

Data on the prices of all raw materials in 1981 were obtained from available archival
data [18]. At that time, due to the planned economy, product prices were set by the state
authorities. Moreover, the number of entities able to supply the raw materials required
for the manufacturing of pyrotechnic compositions was much smaller than today. In
the case of data for the year 2021, in free-market conditions, it is possible to purchase
components from many suppliers (domestic and foreign) both in a traditional way and
via the Internet. High competition and numerous purchasing channels cause significant



Energies 2022, 15, 1331

3of 14

price fluctuations. Therefore, for the purposes of the analysis, the current (lowest) retail
prices for 1 kg (2.20 1b) of raw materials were adopted [19-31]. Raw materials with similar
chemical properties related to their purity, form and fineness were compared. Most of
the ingredients of sufficient quality for the production of pyrotechnic compositions are
available on popular international Auction Portals: eBay, Amazon, and also the Polish
“Allegro” (the most popular Polish Auction Portal). The offer of specialised online stores
selling raw materials for pyrotechnics was also taken into account. Raw materials offered
by well-known chemical companies are much more expensive due to their very high purity
(for chemical analyses). To simplify the analysis, the issue of duty (depending on the
country of production of the pyrotechnic composition) was omitted. The time of delivery
of raw materials and the ability of a given seller to supply raw materials in bulk were not
taken into account. The presented price sources relate to sales in retail quantities. In the case
of purchase in wholesale, the costs of raw materials would be lower and dependent on the
scale of production, determined on the basis of individual arrangements between the producer
and the seller. The lowest price of the seller was chosen as the basic selection criterion. All
prices reported in this article have been converted to USD based on the average exchange rate
of the National Bank of Poland on 15 February 2021 (USD 1 = PLN 3.6949) [32].

Table 3. Fluctuations of the unit price of pyrotechnic composition components in 1981 and 2021 [18-31].

Price Difference

Chemical Name Chemical Un1tPI;j'11\}:/eek(l981) UthIfll\?/i(le) Compared to 1981 Price Difference
(Type of Compound) Formula (USD /kg) (USD /kz) PLN/kg Compared to 1981 [%]
(USD/kg)
Barium nitrate (V) Ba(NO3), (145"2750) (5’2:28) gii’g) 333.13
Tron(ITT) oxide Fe,Os é:gg) (27%0) é?'ésa‘)) 281.11
Potassium chlorate (VII) KClIO4 (112(9)8) (;(E;gg) (2773010) 56.25
Aluminium (powder) Al gizgg) gg:gg) (Z:gg) 13.21
. 180.00 70.00 —110.00
Aluminum (flakes) Al (48.72) (18.95) (=29.77) —61.11
PAM 66.00 60.00 —6.00
Al-Mg powder (50/50) Al/Mg (17.86) (16.24) (—1.62) —al
3.00 8.00 5.00
Sulphur (ground) S (0.81) (2.16) (1.35) 166.33

Concerning all of the analysed raw materials, the highest cost fluctuations could be
observed for barium nitrate(V). In 1981, among all of the analysed components, it was
one of the cheapest (cheaper only were sulphur and iron(IlI) oxide). Its current price has
increased by PLN 52.30 (USD 14.15) which is an increase of about 333%. As this oxidant is
used as the main component for the manufacturing of the reference composition (M-0), a
significant increase in the final price of this pyrotechnic composition should be expected
in 2021. The price of iron(III) oxide has also increased significantly-from PLN 7.40 (USD 2.0)
to PLN 28.20 (USD 7.63), a difference of PLN 20.80 (USD 5.63) and a price increase of about
281%. This component is used as a second oxidant for both M-1 and M-2 compositions
in amounts ranging from 5-25% (group 1) and 10-30% (group 2). For potassium chlorate
(VII), a price increase of PLN 27 (USD 7.31) was recorded, which translates into a relatively
low (compared to the components described so far) price increase of about 56%. Similarly,
the price of aluminium powder slightly increased by PLN 7 (USD 1.89) which, compared to
the initial price, is an increase of only about 13%. The only component that can be bought
more cheaply compared to its 1981 value is aluminium (in the form of flakes) which, at
that time, cost PLN 180 (USD 48.72) per 1 kg (2.20 Ib) of raw material, and can now be
purchased for about PLN 70 (USD18.95). Its price was reduced by approximately 61%. The
content of aluminium used to produce M-1 compositions is between 15% and 35% and
the cost of this additive will therefore significantly influence the final price of pyrotechnic
compositions in this group. The significant difference in the price of aluminium associated
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with its form largely determined the choice of its powder form in 1981. Today, the prices
of aluminium powder and flakes are similar, and the choice of the form of this ingredient
shall be considered from a technological point of view. There was little change in the price
of PAM. A decrease of PLN 6 (USD 1.62) was observed, which translates into a 9% decrease
from the initial price. Despite a significant percentage price increase for ground sulphur
of approx. 166%, its price only increased from PLN 5 (USD 1.35) to PLN 8 (USD 2.16).
Although this component is used in the manufacturing of all pyrotechnic compositions in
large amounts, ranging from 15 to 35% due to its price being significantly lower than the
other components, the increase in the price of this component will not significantly affect
the final cost of producing pyrotechnic compositions. Both in 1981 and today, it remains
the cheapest component used in the manufacture of pyrotechnic compositions.

3. Changes in the Unit Price of Prospective Pyrotechnic Compositions

For the variation ranges (assumed in Part I of the publication) given in Table 4, com-
parative cost curves showing the differences in prices (for 1981 and 2021) of individual
pyrotechnic compositions depending on their chemical composition were determined in
Figures 1-6. The tri-base graph method was used to present the results.

Table 4. Variation range for individual components [16].

Variation Limits for Individual Components (%)

Designation
KCl10y4 Fe,O PAM Al S
Group 1 25-45 25-5 - 35-15 15-35
Group 2 20-40 30-10 30-20 - 20-30
20/ 40
=27 (731
- >
< a6 \“"&5\ /(‘
&"_\" 729 (7.85)—__\ %
S e -
o
&

(X) CONT. % KCIO,

Figure 1. Relationship between costs of the composition (USD/kg): red line—1981, green line—2021;
and the content of pyrotechnic composition components (%). Sides of the triangle, with fixed sulphur
content S = 15%.
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Figure 2. Relationship between costs of the composition (USD/kg): red line—1981, green line—2021;
and the content of pyrotechnic composition components (%). Sides of the triangle, with fixed sulphur
content S = 25%.
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Figure 3. Relationship between costs of the composition (USD/kg): red line—1981, green line—2021;
and the content of pyrotechnic composition components (%). Sides of the triangle, with fixed sulphur
content S = 35%.
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(X) CONT. % KCIO,

Figure 4. Relationship between costs of the composition (USD/kg): red line—1981, green line—2021;
and the content of pyrotechnic composition components (%). Sides of the triangle, with fixed sulphur
content S = 20%.
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Figure 5. Relationship between costs of the composition (USD/kg): red line—1981, green line—2021;
and the content of pyrotechnic composition components (%). Sides of the triangle, with fixed sulphur
content S = 25%.
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Figure 6. Relationship between costs of the composition (USD/kg): red line—1981, green line—2021;
and the content of pyrotechnic composition components (%). Sides of the triangle, with fixed sulphur
content S = 30%.

Using triangular graphs, the cost of manufacturing three-component pyrotechnic
composition can be determined based on the percentage of each group of components.
Triangular graphs also make it possible to present the costs of manufacturing a pyrotechnic
4-component composition when the content of one of the components is constant (in the
case of the presented pyrotechnic compositions, sulfur-S). The determined cost lines allow
for a quicker reading of this data and an evaluation of the economic viability of particular
pyrotechnic compositions depending on their chemical composition. It is also possible
to determine cost ranges by determining the cost of the cheapest and the most expensive
pyrotechnic composition. A summary of the lowest and highest cost of individual groups
of pyrotechnic compositions is presented in Tables 5 and 6.

Table 5. A summary of the lowest and highest cost of pyrotechnic compositions from the M-1 group.

Chemical Composition (%) Unit Price PLN/kg (USD/kg)

T L T T
23.73 41.64
Figure 1 » ® 1 5 (6.42) (11.27) 41'97 60'36
25 5 55 15 - (11.36) (16.34)
” = 5 ’s 23.29 39.62 i )
Figure 2 (6.50) (1072 36.97 49.16
25 5 45 25 - (10:01) (13:30)
e s 5 2 22.85 37.60 i )
Figure 3 (615 (1018 31.97 46.96
25 5 35 35 - - (8.65) (12.71)

* Assumed prices for aluminium powder.
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Table 6. A summary of the lowest and highest cost of pyrotechnic compositions from the M-1 group.

Chemical Composition (%) Unit Price PLN/kg (USD/kg)

Figure Number Min. Min. Max. Max.
KCIOs  Fe05 FAM S (1981) (2021) (1981) (2021)
20 10 20 - 26.36 38.88 ] ]
Figure 4 (7.13) (10.79)
43.94 53.92
20 10 50 20 ) ) (11.89) (14.59)
20 .- 0 - 26.14 38.87 ] ]
Figure 5 (7.07) (10.52)
40.79 50.57
20 10 45 » ) ) (11.04) (13.69)
20 20 20 20 25.92 37.86 ) )
Figure 6 (7.02) (10.25)
37.64 47.22
20 10 40 30 ) (10.19) (12.78)

From the M-1 group, the lowest unit cost is for the composition made of: KC104-25%,
Fe;O03-25%, Al-15%, S-35% and is PLN 37.60 (USD 10.18). The most expensive composition
is the one made of: KC104-25%, Fe;O3 -5%, Al-55%, S-15%, 1 kg of which costs PLN 60.36
(USD 16.34).

In the case of the triangular graphs for M-2 group compositions, one might see that
the lowest unit cost was characteristic for the composition made of: ClO4_20%, Fe;O3-30%,
aluminium-magnesium powder-20% and S-30%, which costs PLN 37.86 (USD 10.25). The
most expensive composition was the one made of: KClO4_20%, Fe;O3-10%, Al-50%, and
5-20%, a unit of which costs PLN53.92 (USD 14.59).

Based on the data concerning the prices of particular components in the years 1981 and
2021, the unit costs of manufacturing of individual prospective pyrotechnic compositions
were calculated. Calculations for compositions from the M-1 group are presented in Table 7,
and for the M-2 group in Table 8.

Table 7. Analysis of changes in unit prices of pyrotechnic compositions from the M-1 group and the
M-0 comparison group.
Chemical C ition (%) Unit Price Unit Price (2021) Price Difference Compared to . .
Designation cmier Tomposon (1981) PLN/kg ' PLN/kg T st PLN/kgP Cog‘iz‘ﬁfg‘gie«”
Ba(NO;), PAM s (USD/kg) (USD/kg) (USD/kg) P °
247 55.76
Mo« B v e oo [ S
Chemical Composition (%) Unit Price Unit Price (2021) Price Difference Compared to Price Diff
Designation (1981) PLN/kg PLN/kg 1981 PLN/kg Compared t e;;‘;;e(o/)
KCIO;  Fe,O; Al* S (USD/kg) (USD/kg) (USD/kg) ompared to °
34.94 51.86
1A 38 19 28 15 ©.46) (14.03) 4843
3747 54.36
1B 42 13 30 15 (10.14) (aa71) 45.08
36.76 53.13 16.37
1C 38 15 32 15 ©.95) (1438) @3) 4453
27.60 4355 15.95
2A 30 5 o5 7.47) (11.79) (4.32) _
30.95 46.99 16.04
2B 36 17 2 25 8.38) 1272) N 51.84
3237 4780 1543
2C 35 14 26 25 ©76) (12.94) @18) 47.67
3152 1531
3A 34 5 26 35 ©53) (126)
26.91 228
3B 35 15 15 35 78) (1144)
29.54 08
3C 28 10 27 35 7.99) (11.59)

* Assumed prices for aluminium powder.
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Table 8. Analysis of changes in unit prices of pyrotechnic compositions from M-2 group and M-0
comparison group.

Chemical Composition (%) Unit Price Unit Price (2021) Price Difference Compared to Price Difference
Designation (1981) PLN/kg PLN/kg 1981 PLN/kg Compared to
Ba(NO3), PAM S (USD/kg) (USD/kg) (USD/kg) 1981 (%)
2247 55.76 33.29
M-0 64 18 18 6.08) (15.09) ©.01) 148.17
Chemical Composition (%) Unit Price Unit Price (2021) Price Difference Compared to Price Difference
Designation (1981) PLN/kg PLN/kg 1981 PLN/kg Compared to
KClO; Fe;0; PAM S (USD/kg) (USD/kg) (USD/kg) 1981 (%)
36.37 49.27 12.90
4A 36 18 26 20 9.84) (13.34) (3.49) 35.47
36.55 49.12 12.57
4B 35 18 27 20 9.89) (13.30) (3.40) 34.40
38.18 51.00 12.82
4C 39 14 27 20 (10.33) (13:80) B47) 33.58
3223 45.89 13.66
5A 35 20 20 25 8.72) (12.42) (3.70) 42.38
33.63 47.14 13.51
5B 37 17 21 25 ©.10) 12.76) (3.66) 40.19
34.62 4793 13.31
5C 38 15 22 25 (9.37) (12.97) (3.60) 38.44
29.98 42.54 12.56
6A 30 20 20 30 8.11) (11.51) (3.40) 41.89
32.82 45.81 12.99
6B 37 13 20 30 (8.88) (12.40) (352) 39.58
31.33 43.02 11.69
6C 29 18 23 30 (8.48) (11.64) (3.16) 37.31

A significant increase in the price of barium nitrate(V), the main component of the
pyrotechnic comparison composition, increased the cost of manufacturing the M-0 group.
Since the oxidant constitutes 64% of this composition by weight, the cost of manufacturing
this composition increased from PLN 22.47 (USD 6.08) in 1981 to PLN 55.76 (USD 14.03)
in 2021, by PLN 33.29 (USD 9.01), which is approximately 148% higher than the original
price. Since almost all groups of components of pyrotechnic compositions became more
expensive, the cost of manufacturing all compositions from the M-1 group increased on
average by approximately PLN 15.56 (USD 4.21). In contrast, the average percentage
increase in cost was approximately 49%. Despite this, in 2021, all compositions from the
M-1 group were cheaper compared to M-0 compositions. The cheapest was, and remains,
composition 3B (PLN 25.91/USD 7.28 in 1981 and PLN 42.28 /USD 11.44 in 2021). The
highest manufacturing costs were calculated for composition 1B (PLN 37.47/USD 10.14 in
1981 and PLN 54.36/USD 14.03 in 2021).

The total unit cost of the components of all pyrotechnic compositions from the M-2
group is now also lower compared to the M-0 group and ranges from PLN 42.54-51.00
(USD 11.51-13.80). The average value of the price difference concerning this group was PLN
12.89 (USD 3.49) and expressing the difference in percentage, the increase was calculated
at 38.14%. The cheapest composition to make is the 6A (PLN 29.98/USD 8.11 in 1981 and
PLN 42.54/USD 11.51 in 2021). On the other hand, the highest cost was calculated for 4C
(PLN 38.18/USD 10.33 in 1981 and PLN 51.00/USD 13.80 in 2021).

4. Manufacturing Costs of Pyrotechnic Compositions in Large Amounts

On the basis of fluctuations of the unit cost of manufacturing individual pyrotechnic
compositions, the influence of these values concerning the manufacturing conditions
was evaluated.

For this purpose, two models were distinguished for which the following assumptions
were made:

- Model 1 production batch of 500 kg (1102 1b) of pyrotechnic composition;
- Model 2 production batch of 2000 kg (4409 1b) of pyrotechnic composition.
The modelling results are presented in Tables 9-12. To simplify the recording of the

results, the prices have been rounded to the nearest whole value according to the theory
of approximation.
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Table 9. Comparison of manufacturing costs of pyrotechnic compositions from the M-1 group for
model 1, batch of 500 kg (1102 1b) of pyrotechnic compositions.

Price Price Price Diff C d
s Chemical Composition (%) (1981) (2021) rice Liiterence Lompare
Designation PLN PLN to 1981 PLN
Ba(NOs3), PAM S (USD) (USD) (USD)
11,234 27,879
o o B o e S
Price Price . .
. ) Chemical Composition (%) (1981) 021) Price Difference Compared
to
Des1gnat10n PLN PLN 1(?]881];’)LN
KClO4 Fe; O3 Al S (USD) (USD)
17,468 25,928
1A 38 19 28 15 728) 7017)
18,736 27,182
1B 42 13 30 15 (5071) 7357)
18,380 26,564 8184
1c 38 15 32 15 (4974) (7189) (2215)
13,800 21,774 7974
24 30 25 20 25 (3735) (5893) (2158)
15474 23,496 8022
2B 36 7 2 5 (4188) (6359) (171)
16,183 23,898 7715
2C 35 14 26 25 (£350) (6468)
15,760 22,653
3A 34 5 26 35 (£363) 6131)
13,455 21,138
3B 35 15 15 35 (3642) (5721)
14,770 21,408
3C 28 10 27 35 (3997) (5794)
Table 10. Comparison of manufacturing costs of pyrotechnic compositions from the M-2 group for
model 1, batch of 500 kg (1102 Ib) of pyrotechnic compositions.
Price Price . .
Chemical Composition (%) (1981) 2021) Price Difference Compared
Designation PLN PLN to 1981 PLN
Ba(NO3), PAM S (USD) (USD) (USD)
11,234 27,879
e . Bs G .
Price Price . .
. s o Price Difference Compared
Designation Chemical Composition (%) (;i?\}) (Iz’(izl&) t0 1981 PLN
(USD)
KClO4 Fe; O3 Al S (USD) (USD)
18,186 24,637 6451
4A 36 18 26 20 (4922) (6668) (1746)
18,276 24,562 6286
4B % 18 27 20 (4946) (6648) (1701)
19,088 25,498 6410
4c 3 14 2 20 (5166) (6901) (1735)
16,115 22,944
5A 35 20 20 25 (£361) (6210)
16,814 23,571
5B 37 17 21 25 (4551) (6379)
17,310 23,964
5C 38 15 2 25 (4685) (6486) (1801)
14,990 21,269 6279
oA 30 20 20 30 (4057) (5756) (1699)
16,411 22,907 6496
6B 37 13 20 30 (@ia2) (6200)
6C 29 18 23 30 15,666 21,512

(4240) (5822)
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Table 11. Comparison of manufacturing costs of pyrotechnic compositions from the M-1 group for
model 1, batch of 2000 kg (4409 1b) of pyrotechnic compositions.

Price Price . .
) . Chemical Composition (%) (1981) (2021) Price Difference Compared
Designation to 1981 PLN
PLN PLN (USD)
Ba(NOs3), PAM S (USD) (USD)
44,936 111,518
M-0 64 18 18 (12,162) (30,182)
Price Price . .
) ] Chemical Composition (%) (1981) 2021) Price Difference Compared
Designation to 1981 PLN
PLN PLN (USD)
KCl104 Fe, O3 Al S (USD) (USD)
69,872 103,714
1A 38 19 28 15 (18.910) (28,069)
74,944 108,730
1B 4 13 30 15 (201283) (29427)
73,520 106,258 32,738
1C 38 15 32 15 (19.898) (28,758) (8860)
55,200 87,096 31,896
24 30 25 20 % (14,940) (23,572) (8632)
61,896 93,984 32,088
2B 36 17 2 2 (16752) (25,436) (8684)
64,732 95,592 30,860
¢ % 14 26 % (17,519) (25.871) (8352)
63,040 90,613
3A 34 5 26 3 (17,061) (24.524)
53,820 84,554 30,734
38 % 15 15 % (14.566) (22,884) (8318)
59,080 85,633
3C 28 10 27 35 (15.990) (23176)
Table 12. Comparison of manufacturing costs of pyrotechnic compositions from the M-2 group for
model 2, batch of 2000 kg (4409 1b) of pyrotechnic compositions.
Price Price Price Difference Compared
. . Chemical Composition (%) (1981) (2021) to 1981 PLN
D
esignation PLN PLN (USD)vspace-16pt
Ba(NOs3), PAM S (USD) (USD)
44,936 111,518
o o s e o [
Price Price . .
) ) Chemical Composition (%) (1981) @021) Price Difference Compared
Designation to 1981 PLN
PLN PLN (USD)
KCl104 Fe, O3 Al S (USD) (USD)
72,744 98,549 25,805
4A 36 18 26 20 (19,688) (26,672) (6984)
73,104 98,249 25,145
4B 3% 18 27 20 (19.785) (25.590) (6805)
76,352 101,993 25,641
4c 3 14 27 20 (20,664) (27,604) (6939)
64,460 91,776
5A 35 20 20 25 (17.446) (24839)
67,256 94,284
5B 37 17 21 25 (18202) (25517)
69,240 95,856 26,616
5C 38 15 2 % (18,739) (25,943) (7203)
59,960 85,075 25,115
6A 30 20 20 30 (16,228) (23,025) (6797)
65,644 91,627 25,983
6B 37 13 20 30 (17.766) (24.798) (7032)
62,664 86,047
6C 29 18 23 30 (16,960) (23,288)

The manufacturing cost calculated for model 1—a production batch of 500 kg (1102 Ib)
of pyrotechnic composition from groups M-1 and M-2—is in the range of PLN 21,138-27,182
(USD 5721-7357) and is, on average, PLN 7112(USD 1925), higher than in 1981.
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The lowest manufacturing costs were reported for compositions:

- 3B-PLN 21,138 (USD 5721);
- 6A-PLN 21,269 (USD 5756);
- 3C-PLN 21,408 (USD 5794);
- 6A-PLN 21,512 (USD 5822);
- 2A-PLN 21,774 (USD 5893).

In contrast, the highest cost was calculated for compositions:

- 1B-PLN 27,182 (USD 7357);
- 1C-PLN 26,564 (USD 7189);
- 1A-PLN 25,928 (USD 7017);
- 4C-PLN 25,498 (USD 6901).

The difference between the lowest and the highest costs (the range of a set of data)
shall be considered as potential production savings. For the adopted model, this value in
2021 is PLN 6044 (USD 1636).

For model 2, the cost of manufacturing a larger production batch—2000 kg (4409 Ib) of
pyrotechnic compositions from groups M-1 and M-2—is correspondingly higher and is in
the range of PLN 84,554-108,730 (USD 22,884-28,069). Compared to 1981, it is on average
PLN 28,450 (USD 7700); it is more expensive to manufacture such a large production batch.
The lowest manufacturing costs were reported for compositions:

- 3B-PLN 84,554 (USD 22,884);
- 6A-PLN 85,075 (USD 23,025);
- 3C-PLN 85,633 (USD 23,176);
- 6C-PLN 86,047 (USD 23,288);
- 2A-PLN 87,096 (USD 23,572).

In contrast, the highest cost was calculated for compositions:

- 1B-PLN 108,730 (USD 29,427);
- 1C-PLN 106,258 (USD 28,758);
- 1A-PLN 103,714 (USD 28,069);
- 4C-PLN 101,993 (USD 27,604).

The range of a set of data concerning total manufacturing costs in 2021 is PLN
24,176 (USD 6543), and this is the maximum amount of savings that can be achieved
on the purchase of raw materials needed to manufacture 2000 kg (4409 Ib) of individual
prospective compositions.

It is worth noting that in the free market in the 21st century, when purchasing wholesale
quantities of the raw materials needed to manufacture large amounts of the composition
presented as the example models described in the paper, there is a possibility of negotiating
prices; thus, the actual costs of obtaining 500 kg (1102 1b) and 2000 kg (4409 Ib) of particular
compositions, in reality, might even be lower than calculated.

5. Summary

- The analysis of changes in the prices of raw materials, and their impact on the costs of
manufacturing prospective pyrotechnic compositions in 1981 and 2021, allows us to
formulate the following conclusions:

- The significant increase in the price of barium nitrate(V), used in the production of
the M-0 reference composition, translates into an approximately 1.5-fold increase in
the unit price of this pyrotechnic composition. This change causes, both individually
and on a large scale, the manufacturing cost of the M-0 composition to be higher than
that of the others. This results in a decrease in the economic viability of using this
component as an oxidiser.

- Thelarge reduction in the cost of flake aluminium compared to 1981, and the equalisa-
tion with the price of this metal in powder form means that, at present, the use of this
component in flake form can be economically justified if this is due to the technology.
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- Despite the passage of time, sulphur remains the cheapest component used in the
manufacture of pyrotechnic composition. The use of this raw material in larger
quantities when technologically possible, without significant deterioration of the
functional properties of the final pyrotechnic composition, is highly desirable for
financial reasons.

- The lowest manufacturing costs, both individually and for the adopted models, were
calculated for the compositions: 3B, 6A, 3C, 6C and 2A.

- The highest manufacturing costs, both individually and for the adopted models, were
calculated for the compositions: 1B, 1C, 1A and 4C, respectively.

- Taking into account both the acoustic effect (being the subject of the study in parts I
and II of the publication) and the cost criterion, the lowest manufacturing price while
ensuring optimum performance was obtained for mixture 6A.

- Costanalysis is a tool allowing evaluation of the profitability of manufacturing individ-
ual pyrotechnic composites. By comparing the obtained values with the performance
parameters of pyrotechnic composition, it is possible to select compositions that are
optimal concerning technical and economic issues.
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