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Summary:

The use of explosive devices containing energy enhancement additives
such as halogen compositions, metals in a form of fine powders and
waxes resulted in the formation of toxic gases after their detonation. The
released harmful gases together with the products of destruction of
bombed targets had the effects of special chemical warfare.
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Introduction

Experts in Serbia were mostly focused on understanding the effects
of depleted uranium on the health of human population overlooking,
however, the danger of chemical pollution caused especially by a fluid
pyralene (Andelkovi¢-Luki¢, 2015a,2015b) and its burning products.
Pyralene was incinerated when high voltage transformers were bombed.
One of the most harmful products of pyralene decomposition is dioxin
which is one of the most dangerous pollutants of natural environment
(Andelkovic-Luki¢, 2006).

Additional pollution of the environment came from the use of
weapons containing explosive charges of different chemical compositions
which, when detonated, released poisoning and suffocating gases as
well as many other contaminants of ear, water and soil.
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Every explosive can be described by the general formula
CxHyNzOp. The way of explosive function is through extremely fast, in
order of nano seconds, oxidation — detonation. In the process of
detonation, a huge amount of energy is released, followed by a
production of high volume of hot gases — products of detonation, which,
under very high pressure, have destructive effects. The formed products
of detonation contain different gases such as: carbon monoxide, carbon
dioxide, nitrogen oxides, cyanic compounds, hydrogen, nitrogen, water
vapor, and elementary carbon as soot. The released gases are toxic by
themselves and, in a combination with the burning products of oil,
gasoline or vinyl chloride from the targeted tanks and reservoirs, had the
final effect of chemical warfare.

In order to increase brisance, i.e. destructive energy of explosives,
different additives and oxidizing agents of nitro formal types or
ammonium perchlorate and metal powders, mostly aluminum, were used.
The validity of the assumption that fluorine-based additives were used in
warheads of missiles, rockets and bombs dropped on the FR Yugoslavia
and Republika Srpska was confirmed by the effects on human
population. One of these effects is necrosis of fingers (the case of a little
girl in Republika Srpska who played in a bomb crater shortly after
bombing).

A new weapon called “soft bombs” based on electroconductive
fibers produced by highly sophisticated nano technology was used for the
first time on the high voltage grid in Yugoslavia. This ammunition is the
4™ generation of ammunition. Figure 1 shows a coil of electroconductive
glass-aluminum fibers.

Picture 1 — Coils of electroconductive fibers on a coil
Puc. 1 — Kamywku mokonpogodsuwelti Humu
Cnuka 1 — Hamomaju enekmponpogodrbusux eriakaHa Ha Karemy
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The 3™ generation were “graphite bombs’used in the Iraq bombing
and produced also by nano technology. (Andelkovié¢-Luki¢, 2015a)

Energetic additives to explosive charges

Research on the addition of fluorine in forms of formals into nitro-
compounds was started in the USA in the late fifties of the last century. In
1961, upon a request from “Aerojet-General-Corporation” based on Navy
needs, experiments involving the addition of fluorine into nitro
compounds were carried out in the “Office of Naval Research”
laboratories, Arlington, Virginia.

The objective of this research was to develop new propellants for
long-range missiles. As a result of this research, several fluorine-based
nitroformals were synthesized.

These very toxic compounds are also used as additives to
explosives and as additives to liquid rocket propellants. In explosive
compositions, ammonium perchlorate and aluminum powder are often
used as energetic additives. Ammonium perchlorate is a strong oxidizer
used as an additive to explosives as well as an additive to gunpowder
and solid rocket propellants. In development and research laboratories
of NATO countries, especially in the USA and France, there is an
ongoing search for new, cheaper and more powerful explosives than
“classical” hexogen and octogen. In line with this, a new CL-20 explosive
was synthesized in the nineties of the last century.

It was named after the laboratory where it was synthesized for the
first time (China Lake in California) (Andelkovic¢-Luki¢, 2009). CL-20 is a
nitramine-based explosive about 20% more powerful than octogen
(HMX). This is the reason why it has the number 20 in its name
(Andelkovic¢-Luki¢, 2009). Even though the brisance of this explosive is
20% higher than that of octogen, additives based on fluorinated nitro
formals are used.

These compounds are added to octogen which was phlegmatized
with polymer pDNPA, and hexogen is added to a fluorine copolymer.
Such compositions and their velocities of detonation (VOD) are shown in
Table 1.

There is a realistic assumption that these kinds of compositions
were implemented in some ammunition used in the bombing of
Yugoslavia.
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Table 1 — Explosive compositions fluorinated containing nitro formals and fluorine
polymers (Andelkovic¢-Lukic¢, 2000), (Dobratz, 1981)
Tabnuua 1 — B3pbigsyambie cocmaebl ¢ gpmopcodepxxauiumu HUmMpoghopmamu u
g@mopronumepamu(Andelkovic-Luki¢, 2000), (Dobratz, 1981)
Tabena 1 — EkcrninosusHu cacmasu ca ¢briyopogaHuM HUMpogopmanuma u ¢bsiyopHUM
nonumepuma (Andelkovic-Lukic, 2000), (Dobratz, 1981)

Explosive Composition %. Density, VOD, (m/s)
(g/cm3)

LX-09-0 HMX 93.0
pDNPA 4.6 1.837 8810
FEFO 2.4

PBX 9010 RDX 90 1.78 8370
Kel-F 10

RX-49-AE CL-20 80.46
FEFO 9.77 1.887 8950
nitroformal mixture 9.77

pDNPA - Bis(2,2-dinitropropil)acetal
FEFO-bis (2,2,2-fluorodinitroetil)formal
Kel-F- Chlorotrifluoroethylene/vinilidinfluoride copolymer, 3/1

Detonation products of explosives containing fluorine
compounds

Detonation of explosives containing fluorinated nitroformals
(Andelkovi¢-Luki¢, 2015a,2015b), (Minier & Behrens, 1997) in their
compositions as well as burning of liquid rocket propellants containing
these compounds lead to the formation of very toxic detonation products
such as hydrogen fluoride, hydrofluoric acid, very reactive fluoric radicals,
and fluoric oxides. All these aggressive compounds are formed under
adiabatic conditions during detonation. Airborne hydrogen fluoride (Q)
reacts with traces of water present in the air to form hydrofluoric acid.
The concentration of this acid of only 1 cm® in 1 m® of air can severely
damage the human body and cause heavy poisoning. Hydrofluoric acid is
a very strong poison, extremely harmful to the human tissue. Detonation
of fluoric compounds may lead to the formation of strong toxic gases of
fluoric oxides.

If in a detonation process fluorine is formed, it will react very
forcefully with water by capturing hydrogen and releasing huge quantities
of atomic oxygen — ozone, hydrogen peroxide, fluoric monoxide, and
hydrogen fluoride.
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Decomposition of fluorine- containing explosives

Detonation or burning of this kind of compounds releases a number
of reactive chemical radicals (Minier & Behrens, 1997). In the equations
below, only radicals and molecules of the highest concentration in
decomposition products of two explosives of nitro-formal type are
presented:

bis(2,2,2-fluorodinitro-ethyl) formal, (FC(NO2)CH20]2CH2), FEFO
and
bis(2,2,2-fluorodinitro ethyl) difluoroformal ([FC(NO2)2CH20]2CF2) DFF.

Both explosives are very toxic liquids. Their decomposition gives a
big number of fluoro radicals.

1. [FC(NO,)CH,0],CH, — HF + F + CF + CHyF + CNF + C,H,F
+ CHNF + C,H,OF* + C,H,OF* + C,H,; NOF + C3Hs0,F + CoHa N,OsF*+
C,H,N, O4F*

2. [FC(NO,),CH,0O],.CF, »HF + F + CF + CHyF + CNF + C,H,F’
+ CHNF + C,H,OF* + C,H,OF* + C,H, NOF + C3HsO5F + CoHo NoOsF*+
C,oH5N, O4F*  + CsHsNOsF, + CHOLF

FEFO is a liquid explosive with a velocity of detonation of 7500 m/s
at a density of 1.60 g/cm®.

DFF is also a liquid explosive, more difficult to initiate and with a
velocity of detonation of 6849 m/s at a density of 1.67 g/cm® (Minier &
Behrens, 1997). Since it has two more atoms in its formula than FEFO, it
is more toxic as well.

Detonation products of explosives containing
ammonium perchlorate and aluminum

Very similar reactions with comparable toxicity of reaction products
are identified in the decomposition of chlorine-based compounds such as
ammonium perchlorate (Cai et al, 2008).

As it can be seen from Table 2, this strong oxidizer is used in high
percentage in a number of explosive compositions.
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Table 2 — Compositions of the explosives used (Andelkovi¢-Luki¢, 2015a,2015b)
Tabnuua 2 — Cocmasbl ucronb3yembix 83pbledamsix eewiecmes (Andelkovic-Lukic,
2015a,2015b)

Tabena 2 — Cacmas kopuwheHux ekcriiosusa (Andelkovié-Luki¢, 2015a,2015b)

Explosive, % Energetic additive, % | Aluminum powder, Additive, %
%
Octogene, HMX nitrocellulose CEF*
94% 3% 3%
Hexogene, RDX Vax
59% 2.0%
TNT
39%
Hexogen Ammonium Aluminum
48.0 perchlorate 27%
25%
Hexogen 24% Ammonium Aluminum
Metrioltrinitrate perchlorate 27%
21% 28%
TNT Aluminum
80% 20%
TNT Ammonium nitrate Aluminum
50% 25% 25%

*CEF- trinloretil phosphate

In more recent explosive charging formulations, nano-particle
aluminum is added to increase energy efficiency and have better
characteristics than aluminum in micrometer dimensions. Nano-powders
of aluminum, due to a larger surface area, can increase the burning rate
of the propellant and as such are more used in propellants than in
mixtures with explosives. (Sundaram et al, 2015), (Weidong et al, 2008)

As it can be seen from Table 2, powdered aluminum is added only to
explosives that are not phlegmised by polymeric energy materials, since
such PBX explosives decrease the rate of detonation (Brousseau &
Anderson, 2002). Explosives with aluminum additives have low sensitivity
and good mechanical properties.

Addition of aluminium powder and ammonium perchlorate into
explosive charges builds up internal energy and consequently increases
the destructive and burning effect of the projectile at the target.
Ammonium perchlorate has positive oxygen balance, 34.04 %, and by its
addition negative oxygen balance of brisant explosives can be modified
(Brousseau & Anderson, 2002). The decomposition of ammonium
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perchlorate via burning (oxidizing process) can be explained by a few
models. The most acceptable model is the classical model defining the
burning process in a few consecutive steps. Endothermic decomposition
of ammonium perchlorate results in the formation of perchloric acid and
ammonia according to the reaction:

NH4+ ClOs — NHj; + HCIO,4 — 58 kcal/mol

The formed ammonia and perchloric acid are further exothermically
decomposed into the final combustion products: chlorine, hydrogen
chloride, nitrogen oxides, and water.

O
2NH; + 2HCIO4 — Cl+2NO,+ 4H,0

The second presumed way of the decomposition of ammonium
perchlorate can be described by the equation:

10 NH4CIOs — 2,5 Cl, +2N,0+2,5 NOCI + HCIO4 +1,5 HCI + 18,75 H,O
+1,75N, + 6,375 O,

Under adiabatic conditions of detonation, an extremely toxic,
suffocating and aggressive gas - elemental chlorine is formed. Chloric
oxides and radicals formed by detonation react with water from the air to
form “acidic rain” which destroys and damages vegetation. The most
common detonation products of the mixture of explosive CxHyNzOp and
ammonium perchlorate NH4CIlO4 are presented in the equation below.

C:HyN.Op. + NH,CIO4 — Clp + HCl + CI' + CIO; CCI" + CH,CI" + CNCI +
C,H,ClI + CHNCI + C,H,OCI* + C,H,OCI* + CICH,CN* + C,H, NOCI +
C3H50zC| + C2H2 N203C|*+ C2H2N2 O4C|* + C5H5NOsC|2 + CH02C|

Considering that ammonium perchlorate as energetic additive is
used in a significant amount in solid propellants for large caliber rockets
and cruise missiles, a huge volume of aggressive and reactive chlorine-
based compounds and radicals are released into the atmosphere during
a projectile flight. These aggressive and reactive compounds are also
formed in detonation of mixtures of high explosives and halogen-based
compounds.
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Decomposition of vinyl chloride

In the “Pancevo” refinery, a reservoir with vinyl chloride was
deliberately targeted and destroyed. Vinyl chloride is very toxic and
carcinogenic. It is used in the production of polyvinyl chloride — PVC.
Beside carbon oxides and carbon formed by burning of vinyl chloride in
the open air, toxic hydrochloric acid and extremely strong chlorine-based
poison-phosgene are also formed as a result of vinyl chloride partial
oxidation. (Savezno Ministarstvo za razvoj, nauku i Zivotnu sredinu,
2000)

Vinyl chloride (chloroethane, chloroethylene), CH2= CH-CI is a
colorless gas with ethereal odor, of molecular mass 62.50, with the
boiling point at -13.9 C and the melting point at -160 C. The solubility of
vinyl chloride in water is low and good in ethanol and ether. It is
combustible and explosible. It is easily polymerized. The product of
polymerization is plastic material polyvinyl chloride.

The combustion of vinyl chloride having leaked from the bombed
and damaged tanks can be described by the following equation:

o}
2CH,=CHCI — 2C0O, + 2CO + H,0 + 2HCI + H,

When there is not enough oxygen, burning products react with each
other in a gas phase and under the high temperature producing carbonyl
chloride according to the following equation:

hv
CO +2HCI — COCl,+ H,

Carbonyl chloride, known as phosgene, belongs to chemical warfare
gases of suffocating type. It releases odor of rotten fruit or hay.

The oxidation (burning) of vinyl chloride can go in two directions:

Complete combustion:

02
2CH,=CHCI + 110, — 4CO, +3H,0 + Cl;,

Incomplete combustion:

hv
CH,=CHCI — CO +HCN+HCI + CO, + H,O+H,+C
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Both reactions are ongoing in parallel. Therefore, in combustion
products of vinyl chloride, there are the products of complete and
incomplete combustion, aggressive and toxic gases such as hydrogen
cyanide (HCN), chlorine (CI2), carbon mono oxide (CO), carbon dioxide
(CO2), and hydrochloric acid (HCI). The reactions between these
combustion products when there is not enough oxygen and in the
presence of light lead to phosgene oxime formation (CI2CNOH).

hv
HCN + Cl, + H,O — CI,CNOH + H,

Phosgene oxime also belongs to chemical weapon agents. It is
stronger than phosgene, which is a blistering agent, a choking agent, and
an irritant (Minier & Behrens, 1997).

In Pan¢evo, about 440 tons of vinyl chloride monomers (Savezno
Ministarstvo za razvoj, nauku i zivotnu sredinu, 2000) were burned from
the spherical reservoirs. Phosgene, a chemical warfare gas, is also a
product of vinyl chloride monomers. The fire is shown in Figure 2.

Figure 2 — Fire on the spherical reservoirs of vinyl chloride monomer in Pancevo
Puc. 2 — lNoxap 8 cghepuyeckux pesepsyapax MOHoMepa suHunxmnopuda 8 2.llaH4yeso
Cniuka 2 — lNoxap Ha chepHUM pe3epsoapuma MOHoMepa 8UHU xiopuda y NaHuesy

A thick, black toxic cloud, containing the products of vinyl chloride

burning, hovered over the city of Pancevo for three days. Windy weather
pushed this cloud over the entire mid-Europe up to the Scandinavian
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countries. Deliberately bombing of vinyl chloride tanks clearly confirms
the intention of the aggressor to poison the human population of Serbia.
Even though chemical warfare agents were not explicitly used, it can be
said that putting tanks of vinyl chloride on fire can be considered as the
use of chemical weapon agents.

Conclusion

Warheads of all kinds of projectiles used conventional explosives,
mostly a mixture of trinitrotoluene (TNT) and hexogen. However, some
other mixtures were used, like octogen and metriol trinitrate (MTN). To
increase energy efficiency of these mixtures, different additives were
used, like different plasticizers and oxygen rich inorganic ammonium
salts. Ammonium perchlorate was mostly used. Ammonium nitrate was
also used, but significantly less than perchlorate. Both compounds were
applied as oxidizers rich in oxygen content. In order to increase energy
efficiency of rocket propellants, fluorine-based compounds were mostly
added. Therefore, besides their distruction effects, weapons used were
releasing huge amounts of toxic and suffocating gases as products of
combustion and detonation. The formed gaseous products of detonation
contained carbon monoxide, carbon dioxide, nitrogen oxides,
cyanocompounds, hydrogen, nitrogen, water in form of vapor, carbon in
form of soot, and halogen radicals. These gaseous products of
detonation in combination with the products of vinyl chloride fires had the
effects of special chemical warfare carried out on the FR Yugoslavia in
the year of 1999.
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OHEPIETUYECKME ADOUTNBBI, JOBABJIEHHbBIE B 3APAA
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BoeHHo-TexHuYeckut HCTUTYT, T. Benrpag, Pecny6nuka Cepbus

PYBPWKA TrPHTW: 78.00.00 BOEHHOE OENO;
78.25.12 Xvimunyeckoe, Gronormyeckoe n 3axuratensHoe
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Pe3swome:

Bcnedcmeue ucrnionb3oeaHusi 6boernpunacos, codepxalux pasiudyHble
0obasku O0nd yeenu4deHusi Ux 3Hepauu (coeduHeHUl 2aslo2eHos,
Memarioe U B0CKOB8) MOC/re 83pbiea KOMOPbIX 8bIc80OOXOanucCh
ypessbiHaliHO MOKCUYHbIe ea3006pa3Hblie eeujecmea, Komopble 8
codyemaHuu ¢ 6ombapdupyembiMu obbekmamu umesnu rocrnedcmeusi
ocobol xumu4veckol 80UHhbI.

Kniouesble  cnosa:  6oenpunackl, 39Hepaemu4yeckue  0obasku,
Xumudeckasi 8olHa.

EHEPIETCKN AOUTVBW OOOABAHW EKCIMNO3MBHAM
MYHBEHBVMA PAKETA Y ATPECNJU HA CP JYTOCJTABUJY 1999.
rOAnNHE

MupjaHa H. AHhenkosuh-Jlykuh
BojHoTexHuukn nHctutnyT, Beorpan, Penybnuka Cpbuja

OBNACT: xemujcke TexHornoruje
BPCTA YJTAHKA: opyruHanHu Hay4Hu pag
JESNK YJTAHKA: eHrneckm

Caxemak:

YbojHum cpedcmeuma dodasaHu cy pasnudumu 0odauu, Kao wmo cy
XarnoeeHa jeOur-erba, Memarsiu U 80CKO8U, Kako bu ce nosehana mwuxoea
eHepauja. Nocne demorayuje ybojHux cpedcmasa ocriobafjanu cy ce
U3y3emHO OmMpoeHU eacosumu npodykmu Koju cy, y cadejcmey ca
bombapdosaHuM objekmuma, umanu eghekme crieyujariHo2 XeMujcKoe
pama.

KrbyuHe peuyu: y6ojHa cpedcmea, eHepaemcku dodayu, XeMujcku pam.

Paper received on / laTta nony4yeHus pabotel / Jatym npujema unaxka: 16.07.2019.
Manuscript corrections submitted on / lata nony4eHus ncnpasneHHown Bepcun paboTsl /
[atym pocrtaerbana ncnpaeku pykonuca: 01.08.2019.

Paper accepted for publishing on / [lata okoH4YaTenNbHOro cornacoBaHus paboTsl / atym
KOHa4yHOr nNpuxeaTana YnaHka 3a objasrbmBamne: 03.08.2019.

© 2019 The Author. Published by Vojnotehnicki glasnik / Military Technical Courier
(www.vtg.mod.gov.rs, BTr.mo.ynp.cp6). This article is an open access article distributed under the
terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/3.0/rs/).

© 2019 AsTop. OnybnmkoBaHo B «BoeHHO-TexHnYeckuin BecTHUK / Vojnotehnicki glasnik / Military
Technical Courier» (www.vtg.mod.gov.rs, BTr.mMo0.ynp.cpb). [laHHas ctaTbsi B OTKPbITOM OCTYNE U
pacnpocTpaHsaeTcs B COOTBETCTBUM € nuueH3nen «Creative Commons»
(http://creativecommons.org/licenses/by/3.0/rs/).

© 2019 AyTtop. O6jaBuo BojHoTexHu4kmn rnacHuk / Vojnotehnicki glasnik / Military Technical Courier
(www.vtg.mod.gov.rs, BTr.mo0.ynp.cp6). OBo je unaHak oTBOpeHOr Npuctyna n aguctpudyupa ce y
cknagy ca Creative Commons licencom (http://creativecommons.org/licenses/by/3.0/rs/).

734




