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EXPERIMENTAL STUDIES ON PROCESSING OF
POLYBUTADIENE-BASED SOLID PROPELLANT TO
EXTRACT AMMONIUM PERCHLORATE

Purpose. The purpose of this work is to establish regularities of the leaching process and to
determine parameters for leaching ammonium perchlorate from polymer crumb as solid propellant disposal
products.

Methodology. The process of leaching ammonium perchlorate from the polymer matrix was carried
out in a flask equipped with an agitator in a polymer matrix: water ratio of 1: 2, with such changing
parameters as: temperature (20-80 °C), time of extraction process (1-4 h). Then, the obtained refined
polymer matrix was filtered off, dried at room temperature, and weighed. The content of the chemical
composition of the polymer matrix was determined in refined polymer matrix. The obtained polymer matrix
was dried at temperatures of 70 °C, 90 °C, 100 °C to constant weight, with intermittent weighing of dried
samples.

Findings. It was determined that the degree of leaching of ammonium perchlorate from polymer
matrix when the leaching time is 2-4 hours is maximum, both during the process at a temperature of 20 °C
and at a temperature of 60 °C and 80 °C, respectively. It was found that the maximum degree of ammonium
perchlorate leaching from polymer matrix was 82.3% in the experiment with the following modes - the
process temperature was 80 °C, the speed of the mechanical stirrer was 400 rpm, and the leaching process
took 4 hours. It was found that the most preferable temperature range for the drying of refined polymer
matrix is 90 to 100 °C. It was determined that the refined polymer matrix is a substance which is not
particularly dangerous for transportation and can be recommended for use as a filler in compositions of
emulsion explosives, or for extraction of nitramine.

Originality. Establishing the regularities of ammonium perchlorate extraction from polybutadiene-
based solid propellant, obtained from expired loaded motor cases.

Practical value. The data obtained after a detailed technical and economic analysis can be
considered as the basis for the creation of a pilot industrial facility for the extraction of a water-insoluble
component of solid propellant, i.e. ammonium perchlorate.

Key words: extraction, drying, ammonium perchlorate, polymer matrix, solid propellant.

Introduction. In the process of utilization of solid propellant with an expired storage period
using the hydro mechanical method [1-3], polymer crumb (polymer matrix) is formed. Solid
propellant (SP) is a polyethylene-based polymer binder, filled with ammonium perchlorate,
nitramine (1,3,5,7-tetranitro-1,3,5,7-tetraazocyclooctane), aluminum and process additives.

The working medium in the process of hydro mechanical utilization of solid propellant is
water, which leaches up to 50% of ammonium perchlorate (AP) during extraction and shredding of
solid propellant. Subsequent leaching of ammonium perchlorate, which is a valuable inorganic
oxidizing agent and the production of which is unavailable in Ukraine, will increase its degree of
extraction to 80% by weight.

Formulation of the problem. The purpose of this work is to establish regularities of
leaching of ammonium perchlorate (AP) from polymer matrix obtained in the course of SP disposal.
In order to assess the safe handling of the obtained refined PM after the leaching of AP, the
parameters of its sensitivity to mechanical effects (impact, friction) were also determined.

Experimental. For studies there were used samples of shredding PM of solid propellant
with a particle size shown in Table 1.
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The particle size of the initial solid propellant PM before leaching of ammonium perchﬁlfsze]
Particle size Fraction content, %
To 7x4x2 mm 31,7
From 8x4x2 to 10x4x2 mm 37,8
From 11x4x2 mm to 15x4x2 mm 28.9
More 15x4x2 mm 1,1

Tabl. 2 presents the chemical composition of PM before leaching ammonium perchlorate.

Table 2
The chemical composition of PM before leaching ammonium perchlorate

Component Content of component before
washing with water, %
Polymer binder 9,6
Ammonium perchlorate 28,1
Nitramine 29,5
Aluminum 25,9
Moisture 6,9

The process of leaching ammonium perchlorate from the polymer matrix was carried out in
flask equipped with an agitator in a PM : water ratio of 1 : 2, with such changing parameters as:
temperature (20-80 °C), time of extraction process (1-4 h). Then, the obtained refined PM polymer
matrix was filtered off, dried at room temperature, and weighed. The content of the chemical
composition of the polymer matrix was determined in refined polymer matrix. The obtained PM
was dried in a Binder Fed 115 drying oven at temperatures of 70 °C, 90 °C, 100 °C to constant
weight, with intermittent weighing of dried samples.

In order to evaluate safety parameters in handling the derived product (refined PM), its
sensitivity to mechanical effects (impact, friction) was determined. Impact and friction sensitivities
were measured using a BAM Hammer 782-0000 and a BAM Friction Apparatus 781-0000
according to the methods [4].

Results and discussion. Fig. 1 and 2 show the polynomial dependencies of the degree of AP
leaching from the polymer matrix on temperature and time, respectively. In accordance with the
results obtained, the degree of leaching of ammonium perchlorate from PM in the temperature
range of 80-100 °C reaches 61.5-76.3%, respectively. It was determined that the degree of leaching
of ammonium perchlorate from PM when the leaching time is 2-4 hours is maximum, both during
the process at a temperature of 20 °C and at a temperature of 60 °C and 80 °C, respectively.
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Fig. 1. The dependence of the degree of AP leaching on temperature of leaching from polymer matrix (rotation
speed of the mechanical stirrer of 400 rpm, time of extraction process of 1 h)
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Fig. 2. The dependence of the degree of leaching of AP on the time of leaching from PM:
a) 80 °C, b) 60 °C, c) 20 °C (rotation speed of the mechanical stirrer of 400 rpm)

It was found that the highest degree of leaching of 82.3% in terms of the target product
during leaching from PM was achieved in the experiment which lasted for 4 hours, at a temperature
of 80 °C, and a rotation speed of the mechanical stirrer of 400 rpm.

Under the specified conditions the optimum parameters for AP leaching from PM were
determined as follows: the temperature is 60-80 °C, the extraction time is 2-4 hours.

Fig. 3 and 4 show the dependencies of PM drying after the leaching of ammonium
perchlorate, and specifically the moisture content W of the polymer matrix versus time with a
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change in the PM drying temperature, and drying rate versus moisture content of the polymer
matrix at various temperatures, respectively.
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Fig. 3. The dependence of the polymer matrix moisture content W on time with a change in PM drying
temperature: (1) 70 °C, (2) 90 °C, (3) 100 °C
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Fig. 4. The dependence of drying rate on polymer matrix moisture content at various temperatures:
(1) 70 °C, (2) 90 °C, (3) 100 °C

Thus, as can be seen from Fig. 3, the PM drying goes through two phases i.e. constant and
decreasing drying rates, which are described in Fig. 3 with a straight line and an exponential
function, respectively. The fastest PM drying to the constant weight takes place at a temperature of
100 °C taking ~450 min. It is not advisable to dry the polymer matrix at temperatures of over 100
°C, since at temperatures of above 115 °C the nitramine, which is part of polymer matrix, can
generate crystalline forms that are sensitive to mechanical impacts [9-12].
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According to Fig. 4, with increase of the drying temperature from 70 °C to 90 °C, the drying
rate rises 1.75 times, and with increase of the drying temperature from 90 °C to 100 °C, the drying
rate rises further 1.6 times. Therefore, the most preferable temperature range for drying refined PM
is 90 to 100 °C.

To assess the safety parameters in the handling of refined PM after leaching of the AP, its
sensitivity to mechanical effects - impact, friction depending on moisture content was determined.
Tabl. 3 presents the sensitivity results of refined PM depending on moisture content.

Table 3
Sensitivity results of refined PM depending on moisture content
Parameter name Content of moisture in refined PM
41,45% 23,5% 16,9% 3%
Sensitivity to impact, J >50 44,0 31,5 22.5
Sensitivity to friction, >360 >360 >360 >360
N

It was found that a refined polymer matrix with a moisture content of 3-41.45% is
insensitive to friction (> 360 N), a decrease in humidity from 41.45 to 3% increases the sensitivity
to impact to 22.5 J.

Refined PM’s characteristics are below the minimum acceptable UN sensitivity
requirements as for sensitivity to mechanical effects (>2 J and >80 N), which proves that refined
PM is a substance which is not particularly dangerous for transportation [4] and can be
recommended for use as a filler in compositions of emulsion explosives [2], or for extraction of
nitramine [5-8].

Conclusions. As a result of the studies, the dependencies of the influence of temperature
and time on the degree of leaching of ammonium perchlorate from the polymer matrix of solid
propellant are obtained. It was found that the maximum degree of AP leaching from PM was 48.3%
in the experiment with the following modes - the process temperature was 80 °C, the speed of the
mechanical stirrer was 400 rpm, and the leaching process took 4 hours.

It was found that the most preferable temperature range for the drying of refined PM is 90 to
100 °C.

Refined PM’s (with a moisture content of up to 3%) characteristics are below the minimum
acceptable UN sensitivity requirements as for sensitivity to mechanical effects (impact, friction),
which proves that refined PM is a substance which is not particularly dangerous for transportation
and can be recommended for use as a filler in compositions of emulsion explosives, or for
extraction of nitramine.
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EKCIIEPUMEHTAJIBHI JOCJIIPKEHHS 3 HEPEPOBKHU TBEPJOI'O ITPOIIEJIAHTY
HA OCHOBI ITOJIIBYTAAIEHY 3 BUWIYYEHHAM IHEPXJIOPATY AMOHIIO
YEJTOHOB M. M., KHPUYEHKO O. JI.

Jleparcasne nionpuemcmeso « Hayxkoso-supobnuue 00'conanns
«Ilasnocpadcoruii Ximiunut 3a600»

Mema. Memowo Oanoi pobomu € 6CMAHOBNEHHS 3AKOHOMIpDHOCHEl | GUSHAYEHHS napamempis
BUTYHEHHS NePXIoPAmy aMOHiI0 3 RPOOYKMI8 YMmunizayii meepoo2o paKkemHozo naiusd.

Memoouxka. /s sunyuenus nepxiopamy AMOHIIO 3pA3KU NOJIMepHOi mampuyi 0Opodasiiu 800010
npu memnepamypi 20-80 °C i nepemiwysanni 1-4 200un. Ompumany paginosany nomimMepHy Mampuyio
Ginempyeanu, eucyulysanu npu KIMHAMHIL memnepamypi ma 36adxcysanu. Bucyuyeanns npogoounu npu
memnepamypax 70-100 °C. V paginosaniti nonimepniti mampuyi UHAUATU BMICH NEPXAOPAMY AMOHIIO,
HIMPAMIHY, ANOMIHITO, 80J102U, YYMIUGICIb 00 MEXAHIYHO20 6NauUsy (yoapy, mepms).

Pe3ynvmamu. Bionogiono 3 ompumanumu pe3yiomamamy CmMynins UIY4eHHs NepXaAopamy AMOHII0
3 noaimeproi mampuyi 6 dianazoni memnepamyp 80-100 °C oocseac 61,5-76,3 % 6ionosiono. Busasneno, wo
CMYNiHb BUTYYEHHS NepXJIOpamy AMOHII0 3 HOAIMEPHOI Mampuyi MAKCUMATbHA, KOJIU Y4AC BUNY208)Y8AHHS
cmanosums 2-4 200, sk npu nposedenni npoyecy npu memnepamypi 20 °C, max i npu memnepamypi 60 i 80
°C 6i0nosioHo. BcmanosieHo, wo MaKCUMAanibHUull CHYNiHb GUILYYEHHS NEPXI0oPAmy dMOHII0 3 NOAIMEPHOT
mMampuyi meepoozo pakemuoz20 naiuea cmanosums 82,3% 6 excnepumenmi 3 HACMYNHUMU DENCUMAMU -
memnepamypa npoyecy 80 °C, weuokicmv obepmanus mexauiunoi miwanrku 400 06/xe, uac npoyecy
excmpakyii 4 u. Buseneno, wo HaUuOLbw NPULHAMHUMU NOKA3HUKAMU memnepamypu Ois CYUliHHS
paginosanoi nosimepnoi mampuyi € 90-100 °C. Busnaueno, wo paginosana noaimMepHa Mampuys He €
HeOe3NeyHow 01 MPAHCHOPMYBAHHA I MOdce OYmuU PeKOMEeHO08AHA SIK OOMIWKA Y CKAAOI eMYIbCitiHUX
BUOYXOBUX PEYOBUH.

Haykosa nosusna. BcmaHnosneno 3aKOHOMIpHOCHI GULYYEHHS NEPXAOPAmM)y AMOHII0 3 MEepoo2o
PaAKemHo20 NAAU8a HA OCHOBL NOMOYMAOIEHY, OMPUMAHO20 3 OBUSYHIE 3 3AKIHYEHUM MePMIHOM
excnayamayii. Busuaueni napamempu uyymausocmi paghinosanoi nonimepHoi mampuyi nicis 6UIy4eHHs
NepXIopamy amouito 00 MeXauiyHo2o 6Nausy (yoapy, mepmsi).

Ilpakxmuuna 3nauumicmo. Ompumani OaHi NICAsE OEMATLHOZO MEXHIKO-EKOHOMIYHO20 AHANIZY
Modice Oymu  posenaHymi SIK OCHO8A OJid CMBOPEHHS OO0CAIOHO-NPOMUCIOB8020 00'€KMYy  BUTYYEHHS
B000HEPO3UUHHO20 KOMNOHEHMY MBEPO020 PAKEMHO20 NAAUBA - HEPXTIOPANY AMOHIFO.

Knwuogi cnoea: excmpaxyisi, cyuka, nepxiopam amoHiio, noaiMepHa Mampuys, meepoe paKemme
nanueo.
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Iens. llenvio Oannou pabomvl s6Asemcs YCMAHOGAEHUE 3AKOHOMEPHOCMEN U OnpedeieHus
napamempos uzejiedeHus NepXiopama amMmonus U3 nPoOyKmo8 Ymuiuzayuy meepoo2o pakemHuo2o moniued.

Memoouxa. [{na useneueHus nepxaopama AMMOHUSL U3 HOJUMEPHOU Mampuyvl, 06pasyvl
noaumepHol mampuysl obpadbamuisaru eooou npu memnepamype 20-80 °C u nepemewusanuu 1-4 u.
Honyuennyro paguHupo8anHy0 NOIUMEPHYIO MAMPUYy OMOUILIMPOBIBATU, GbICYUUBANY, 636euusau. B
PAPUHUPOBAHHOT NOIUMEPHOU Mampuye ONpeoesay COO0eplcane XUMUUECKO20 COCMAsa - Nepxiopama
AMMOHUSL, HUMPAMUHA, QTIOMUHUS, 81A2U U YYBCMBUMETbHOCMb K MEXAHUYECKOMY G030elicmeuio (yoapy,
MpeHuio).

Pe3ynvmameol. Ycmanogieno, umo MaxcuManbHas CMenelb U3gnedeHusi Nepxaopama aMMOHUS U3
noaumepHou mampuyvl cocmaensina 82,3% 6 onvime co C1eOyIOWUMU PENCUMAMU — mMeMnepamypa npoyecca
80 °C, uwacmoma epawenus mexanuueckou mewianku 400 o6/mun, epems npoyecca sxcmpaxyuu 4 u.
Buisigneno, umo npuemnemoii memnepamypou Oasi CYWKU PADUHUPOBAHHOU NOIUMEPHOU MAmMpPuybl
aensemcesa 90-100 °C.

Hayunasa HoeuzHa. Ycmanoeienvl 3aKOHOMEPHOCU U3GIEYeHUsT NePXIOpama aMMOHUS U3
MeEEPO020 paKemHO20 MONAUBA HA OCHOBE HOAUOYMAOUEHA, NOIYYEHHO20 U3 Oguzameneli ¢ UCMEKUUM
cpokom sxcnayamayuu. OnpedeneHvl NaApamempvi YYECMEUMETbHOCMU PADUHUPOBAHHOU HOAUMEPHOU
Mampuysl NOCie U3sieueHus NePXIopama AMMOHUS K MEXAHUYECKOMY 8030€eticmeuio (yoapy, mpenuro).

Ilpakmuueckasn 3nauumocmes. [lonyuennvle dannvie nocie 0eMmaIbHO20 MEXHUKO-IKOHOMUYECKO20
ananuza mocym Oulmb PAcCCMOMPEHbl KAK OCHO8A OJIsl CO30AHUsL ONbIMHO-NPOMBIUIEHHO20 00beKma
U36IEUEHUsL B0OOOHEPACMBEOPUMO20 KOMNOHEHMA MEePO020 PAKEMHO20 MONIUBA - NEPXAOPAMA AMMOHUSL.

Knrwouesvie cnosa: sxcmpaxyusi, cywxa, nepxiopam ammouus, NOIUMEPHAs Mampuyda, meépooe
PaKemHoe monaugo.
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