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Purpose. In the presented work authors consider the migratory ability of the chemical stability stabilizer such as di-
phenylamine and its N-nitroso- and nitroderivatives of single-base gunpowder. Methodology. The moisture influence
has been investigated in two directions. The first direction is the vaporous moisture influence on chemical stability,
which estimated as the composition of the chemical stability stabilizer formed derivatives. The second direction is the
influence of the liquid moisture (liquid medium), completely washing the powder elements, on the composition of
chemical stability stabilizers of the single-base powder and quantity of eluted stabilizers — first of all such as diphenyl-
amine. Results. Authors determine that at the contact of gunpowder and water the elution of diphenylamine and N-
nitrosodiphenylamine is observed. Originality. The quantity of the eluted components depends on pH of the contacting
liquid medium; their maximal quantity is eluted to the acid liquid medium. Practical value. Results of this researches
will allow to estimate degree of ecological danger of single-base gunpowder at storage in depressurization conditions.
References 10, tables 3, figures 1.
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PosrmsiHyTO MirpaniiiHy 31aTHICTE cTablTi3aTopa XiMigHOI cTilKocTi AndeninaMina i Horo N-HITpo30- Ta HiTpomno-
X1THUX i POKCHITIHOBHX MOPOXiB. J{oC/ipKyBaiy BIUTHB BOJIOTH T10 IBOX HampsiMax. [lepmii HanpsiM — BIUIMB [TapoIIo-
JIIOHOT BOJIOTM HA XIMIYHY CTiMKiCTB, PO SIKY CYIWIIH IO CKJaIy IOXiIHUX, IO YTBOPHIINCA, 31 cTablirizaTopa XiMiqHOT
cTidikocTi. JIpyruil HanpsiM — BIUTHB PiZKOI BOJIOTH (PiAKOTO CepemoBHIIa), IO TIOBHICTIO OMHBAE ITOPOXOBI €JIEMEHTH,
Ha CKJaj cTabini3aTopiB XiMIYHOI CTIHKOCTI MipOKCHIIIHOBHX IOPOXiB 1 KiJBbKICTh CTabiTi3aTOpiB XIMIYHOI CTIHKOCTI,
III0 BUMHUBAIOTECS, — B IIepIry 4epry audeHinamina. BecraHoBieHO, 0 MPH KOHTAKTI MOPOXY 3 BOJOIO BiAOYBAETHCS
BuMUBaHHS TudeHinamina i N-HiTpodoandeninamina. KibKicTh BAMUTHX KOMIIOHEHTIB 3aJIeKUTh BiJl pH KOHTaKTyro-
YOTr'0 PiJIKOTO CEPEOBHINA; HAMO1IbIIA KITBKICTh IX BUMHBAETHCSI B KHCIIE PIIKE CEPETOBHIIIE.

KirouoBi ciioBa: qudeHinamiH, mopox mpoKCHITiHOBHN, BOTHE CEPEIOBHUIIE, BUAIIICHHS

PROBLEM STATEMENT. In depressurization con- derivatives. The second direction is the influence of the
ditions of the long stored ammunition when there are liquid moisture (liquid medium), completely washing
external devices (warehouses), interfering a direct hit of the powder elements, on the composition of chemical
water, the powder elements are affected by the environ- stability stabilizers of the powder element and quantity
ment water vapors. of eluted chemical stability stabilizers — first of all such

The amount of moisture getting to gunpowder com- as diphenylamine, being ecologically dangerous to the
position will be defined generally by the relative air environment [1,2].
humidity and the ability of powder elements to absorb It is known that the increased air humidity of environ-
the moisture. Here we speak about absorption of the ment leads to increase of the gunpowder humidity, which
moisture which is in the vaporous state. accelerate the processes of hydrolytic degradation [3, 4]

If there are no the devices interfering a direct hit of having the stronger impact on the chemical stability and
the moisture, the moisture gets to the powder element in the safe storage duration decrease, than the thermal de-
the liquid state. Its quantity getting to gunpowder will composition [5]. Hydrolytic degradation takes place only
be defined by characteristic of the surface and internal at joint influence of acids and water. The speed of hydrol-
structure of the powder elements caused by the exist- ysis depends on the concentration of hydroxyl and hydro-
ence of open pores. gen ions, thus the hydroxyl ions are more active. The

The moisture influence has been investigated in two minimum speed of hydrolysis of the nitrate esters corre-
directions. The first direction is the vaporous moisture sponds not to the neutral, but to the acidic medium [6]. It
influence on chemical stability, which estimated as the is also known that in presence of large amounts of water
composition of the chemical stability stabilizer formed there is no gunpowder decomposition acceleration, that’s
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why it’s possible to store the gunpowder under water for a
long time [7].

EXPERIMENTAL PART AND RESULTS OB-
TAINED. To study the effect of moisture, which was
sorption trapped into the powder elements, the gunpow-
der with small powder elements 2/3 from the lot number
6, having age of 10 years at the time of research, has
been examined. Two samples of gunpowder were inves-
tigated. One sample with natural humidity of 0.9 % on
weight served as an example of comparison. The second
sample was prepared by the addition of external water
in number of 3.0% from gunpowder mass to the first
sample. The samples were placed into the hermetically
closed glass bottles into which the necessary amount of
water by the volume was entered.

Further the samples were thermostated at the tempera-
ture of 368.0 = 1.0 K for 56 hours. The moisture in the
conditions of carrying out experiences was in the vapor
phase. After the temperature control the samples, adjoin-
ing to the moisture vapors, were exposed to the vacuum
drying at the room temperature and the endurance together
with comparison samples in the desiccator. Than the con-
tent of DPA and its derivatives was defined in the sam-
ples. The definition of mass fractions of diphenylamine
and its N-nitrozo-and nitroderivatives in the single-base
gunpowder was carried out by the standard method of
high performance liquid chromatography [8, 9], based on
the extraction from gunpowder of diphenylamine and its
derivatives and the chromatography of the received extract
on the microcolumnar liquid chromatograph Milikhrom-6
with the spektrofotometric detector in UV-area at isocratic
elution.

The eluent consisting of methyl alcohol and twice dis-
tilled water at a ratio of components 65:35 (by volume)
was applied to determine the mass fraction of diphenyla-
mine and its N-nitrozo-and nitroderivatives in single-base
gunpowders.

The reference solution, which was prepared in a peni-
cillin bottle, was used for calibration. For this purpose
001 g of diphenylamine, 0.002 g of N-
nitrosodiphenylamine, 0.001 g of 4-nitrodiphenylamine
and 0.001 g 2-nitrodiphenylamine, weighed with accuracy
to four decimal, were placed to the bottle. This corre-
sponds to 1.0% of the diphenylamine mass fraction, 0.2%
of N-nitrosodiphenylamine mass fraction, 0.1 % mass
fractions of 4-nitrodiphenylamine and 2-
nitrodiphenylamine, on the powder portion equal to 1,000
g. The internal standard solution (the solution of acetani-
lide in methanol with a concentration of 1 mg/cm’) in the
amount of 5.0 cm’ was added to the bottle. Than the intro-

duced components were dissolved with agitation and the
eluent in the amount of 5.0 cm’ was added.

For the analysis, the column with sizes of 2x100 mm
filled with the reverse phase sorbent Silasorb C18 with 5
um particle size was used. The components definition was
carried out at the detector wavelength of 220 nanometers.

The analysis of solid samples was carried out as fol-
lows [10].

About 1.0 g of dried and ground powder, weighed ac-
curately to four decimal places, was placed into the peni-
cillin bottle. The bottle filled with 5.0 cm® of 1% by the
mass solution of acetanilide in methanol. The contents of
the bottle was sealed and left to stand for 30 min with
occasional stirring. Further, to the bottle contents was
added 5.0 cm® of water eluent, which was mixed thor-
oughly, pressed the residue in the bottle with the glass rod
with a flat end. The resulting extract was filtered through
the porous glass filter and from the formed filtrate was
selected the sample for chromatography.

Preparation of liquid medium tests was carried out as
follows. To 20 ml of the liquid medium the internal stand-
ard solution (0.1 ml of atsetanilid to 100 ml of dichloro-
methane) in the amount of 5 ml was added. The contents
placed into the hermetically sealed bottle were mixed
intensively on the device for stirring during 5.0 hours. The
received mixture was allowed to be stratified when up-
holding, than it was selected with the syringe the meth-
ylenchloride layer of the volume 4 ul for input into the
chromatograph measuring system.

After chromatography using a computer program the
primary mathematical data processing, which consists of
calculating the peaks area of the analyzed components and
internal standard has been performed.

Mass fraction of the analyzed component diphenyla-
mine and its derivatives in the powder (X, in % by mass)
was calculated by the formula:

Yo X, C2i -m ’
Cri-m

(M

rme X — the component mass fraction in the reference

solution, in percent;

C}; — the ratio of the peak area of diphenylamine
(and its derivatives) to peak area of internal standard in the
reference solution;

C,— the ratio of the peak area of diphenylamine
(and its derivatives) to peak area of internal standard in the
sample solution;

m — the calculated mass of gunpowder sample, g;

m— the exact mass of gunpowder sample, g.

Table 1 — Results of HPLC analysis of samples 2/3 lot number 6 (10 years of the storage)

Mass fraction, % by mass
No. of the Name of the sam-
sample ple DPA N-NO-DPA 4-NO,-DPA 2-NO,-DPA
1 initial 0,60 0,35 0,13 0,11
with addition of
2 3% of the moisture 0,56 0,32 0,10 0,11

The received results are presented in table 1, showing
that the depth of single-base gunpowder aging in the con-
ditions of the increased humidity (sample 2) is almost
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commensurable with the depth of single-base gunpowder
aging in the conditions of natural humidity. The content of
DPA in gunpowder, subjected to heat in a moist atmos-
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phere, was 0.56% on weight concerning 0.60% on weight
at controlling the temperature in natural atmosphere. The
content of N-nitroso-DPA in gunpowder after humid
temperature controlling was 0.32% by weight, and in the
reference sample was 0.35% by mass.

The analysis of these data specifies that not only
process actually of decomposition, but also the process

of "washing-out" of stabilizers influences on the change
process of stabilizers content. If there was no process of
stabilizers "washing-out", the reduction of DPA fraction
in the samples with the increased humidity, would lead
to increase the N-nitroso-DPA fraction. In practice, the
smaller value of N-nitrozo-DPA fraction was received.

Table 2 — The content of DPA in the liquid medium contacted with gunpowder

Concentration of DPA- 106,
Sample in The content of DPA, g Mass of gunpowder, g g (DPA)
g (gunpowder) - ml (solution)
water 0,00019181 4,7998 2,0
acid 0,00023666 4,244 2,8
alkali 0,000161295 4,5707 1,8
water (particles) 0,000086177 0,719 12,0

At the same time were conducted the researches of
the water influence on the condition of the powder ele-
ments which were completely shipped in water at tem-
peratures relative to 293.0 + 1.0 K.

The powder elements samples for research were
prepared as follows. From the powder tube 37/1 (exter-
nal diameter — 12.0 mm, diameter of the channel — 4.5
mm), the fragments about 10.0 + 1.0 mm long were cut
off, the received fragments (3 pcs.) were placed into the
thick-walled glasses. Except the powder elements sam-
ples of the specified sizes, the small granular sample of
this powder tube was also investigated. Further the
powder elements were filled in with three types of the
liquid water medium: the distilled water, alkalized water
(0.01-n NaOH solution), the acidified water (0.01-n HCI
solution), and the small granular sample — only with the
distilled water. The amount of the filled-in liquid made
20 ml. As models of comparison were used the powder
elements, identical time sustained in comparison with
the samples which were filled in with the water medium
of various pH, and the sample ground to the sizes of the
particles (less than 0.1 mm). After the addition of lig-
uids the glasses were hermetically sealed. Time of an
exposition of glasses with the contents made 2500 hours
(about 104 days). After the specified time the glasses
were opened. For the analysis the powder elements were
separated from the liquid and dried up at the room tem-
perature to the constant weight for 45 days. The liquid
was also selected for the analysis.

The content of chemical stability stabilizers was de-
termined as in the solid phase (powder elements, small

gunpowder particles), so in the liquid phase (the water
medium of various pH).

Three analytical samples were selected from each
powder element by drilling according to the direction of
the central channel of the certain sample part with the
drills of diameter 5.7 mm (first sample); 8.0 mm (the
second sample). The rest of the element made the third
analytical sample.

The analysis of the received results given in table 2
showed that the amount of diphenylamine, which passed
during of experience into the liquid medium, depends
on pH of the liquid medium and the geometrical sizes of
powder elements.
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Figure 1 — The content of diphenylamine according
to the layers in the samples sustained in: 1 — air; 2 —
neutral water; 3 —alkaline water; 4 —acidic water

Table 3 — The average content of components in the samples sustained in various environments

The components content in powder elements after the endurance in water
The component Tube fragment Small particles in
in air in neutral water | in alkaline water | in acidic water neutral water
DPA 0.98 0.97 0.92 0.88 0.78
N-nitroso-DPA 0.18 0.18 0.17 0.20 0.16
4-nitro-DPA 0.02 0.02 0.02 0.02 0.02
2-nitro-DPA 0.03 0.03 0.03 0.03 0.02

With the reduction of the powder elements sizes the
quantity of the migrating DPA into the water medium
increases. For the powder elements of size 37/1, (exter-
nal diameter of the powder element is 12.0 mm, diame-
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ter of the channel is 4.5 mm and the height is 10.0 mm)
the quantity of the washed-out DPA made 2.0-10° g
(DPA) /g (gunpowder) - ml (solution), for particles with
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the size (0.5-1.0) mm — 12.0-10° g (DPA) /g (gunpow-
der) - ml (solution).

To the acidic medium released the most quantity of
DPA - 2.8:10° g / g'ml, the fewest quantity in alkaline
medium — 1.8:10° g / g'ml, to aqueous neutral medium
released of 2.0-10° g / g'ml.

The results analysis of the composition and the sta-
bilizers content definition in solid samples after their
contact with the water medium (fig. 1) showed that after
the contact with the acidic medium the quantity of DPA
in gunpowder becomes slightly lower (curve 4), than in
gunpowder after the contact with the neutral medium
(curve 2) and alkaline (curve 3) medium.

The joint analysis of the results presented in fig. 1
and in table 3 shows that staying of gunpowder in the
neutral water medium under the normal temperature
doesn't affect the speed of its decomposition and safe
storage terms because of almost identical DPA and N-
nitroso-DPA content. Thus, the fact of direct transfor-
mation of DPA to N-nitroso-DPA at gunpowder de-
composition, and interrelation of decomposition speed
with storage periods were taken into account. In the
alkaline medium the content of diphenylamine in pow-
der elements is less than 0.92% by weight against
0.98% — in the neutral medium. At identical N-nitroso-
DPA content in the gunpowder sustained in neutral and
alkaline it is possible to claim that in the alkaline medi-
um, DPA is more washed-out, than it is spent for gun-
powder decomposition stabilization. In gunpowder at
contact with the acidic medium because of the higher N-
nitroso-DPA content and the smaller DPA content it is
possible to state already about the influence of the acid-
ic medium on gunpowder decomposition speed.

CONCLUSIONS. At consequences of powder ele-
ments long contact with the water medium research it is
shown that at gunpowder contact with water, there is a
washing-out of ecologically dangerous components such
as diphenylamine and N-nitrozo-DPA take place. The
quantity of the washed-out components depends on pH of
the contacted liquid medium; the maximum quantity of
them is washed-out to the acidic liquid medium.
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PaccmoTpena murpanmoHHasi CHOCOOHOCTH CTaOWIIM3aToOpa XWMHYECKOW CTOMKOCTH mudeHwnamuHa ¥ ero N-
HHUTPO30- W HUTPOTIPOU3BOJHBIX IMHPOKCHIMHOBBIX MOPOXOB. VccnenoBany BIMSHUE Biard MO ABYM HAIPaBIICHUSM.
[lepBoe HampaBieHHEe — BIMSHHE MapooOpa3HON Biark Ha XUMHYECKYIO CTOWKOCTb, O KOTOPOH CYAWJIH IO COCTaBY
00pa30BaBIIMXCS TPOM3BOJHBIX CTAOMIIM3aTOpa XUMHUYECKOW CTOMKOCTH. BTopoe HampaBieHWe — BIMSHHE >KUAKOH
Biaru (KUIKOM Cpenpl), MOTHOCTHIO OMBIBAIOIIEH MOPOXOBBIE 3JIEMEHTH, Ha COCTaB CTAOMIM3aTOPOB XMMHYECKOM
CTOMKOCTH MHPOKCHWIIMHOBBIX IIOPOXOB M KOJHWYECTBO BHIMBIBAEMBIX CTaOMIM3aTOPOB XMMHYECKOH CTOHKOCTH — B
NepByIO odepenp Mu)eHImIaMruHa. Y CTaHOBJICHO, YTO TNPH KOHTAaKTE MOpoXa ¢ BOJOH NMPOMCXOAWT BEIMBIBAHUE AnQe-
HUIaMuHa U N-HUTpo3zoaudeHmtaMuHa. KoarmdecTBO BEIMBITBIX KOMITOHEHTOB 3aBHCHT OT pH KOHTakTHpyeMo# >Kuj-
KO Ccpelibl; HanOobIlee KOIMYECTBO MX BBIMBIBACTCS B KHCITYIO XHUIKYIO CPETy.

KroueBbie ciioBa: mudeHmIaMuH, MOPOX MAPOKCHINHOBBIN, BOAHAS Cpelia, BhIJIETICHHE.
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