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Yenmonos M. M. OpnepxkaHHs aMOHIM 1 Kamiil MepXJopaTiB Ta OKTOTEHY
NepepoOKOI0  €HEPrOKOHJEHCOBAHUX  CHCTEM 13  3aKIHYEHUM  TEPMIHOM
30epiranns. — KBamigikaiiiiHa HaykoBa mparis Ha mpaBax pyKOIHUCY.

HMucepraniisi Ha 3700yTTS HAyKOBOTO CTYIEHS JokTopa ¢iurocodii 3a
cremiaipHicTIO 161 — Ximiual TexHoJorii Ta iHxkeHepis (16— XimiuHa Ta
OiloimkeHepis). — Jlep’kaBHUM — BUIMN ~ HaBYAIBHUN  3aKian  «YKpaiHCHKUI
JepKaBHUM XIMIKO-T€XHOJIOTIYHUN yHIBEepcuTeT», JHimpo, 2021.

HucepraliitHy poOOTYy IPUCBSIYEHO BCTAHOBJIECHHIO 3aKOHOMIpHOCTEH (h13UKO-
XIMIYHMX TIPOIIECIB OJIEpKaHHS aMOHIM Ta Kaliil MNepxJopaTiB 1 OKTOTEHY
3 €HEPrOKOHJICHCOBAHUX CUCTEM JJII BTOPUHHOTO BUKOPUCTAHHS.

AMOHIH 1 KaJllid IEPXJIOPATH, OKTOT€H IIUPOKO 3aCTOCOBYIOTH Y MPOMUCIOBUX
BUOyXoBUX peyoBuHax (BP), kKoMmo3uimiiiHuX cKkiagax TBEpPAOTr0 pPaKeTHOIO
nanuBa (TPII) Ta iHIIUX EHEProKOHJIEHCOBAHUX cHUCTeMax. baraTboMm KpaiHam
JIOBOJIUTHCS IMIOPTYBATH 111 KOMIIOHEHTH, HAIPUKJIaA Y KpaiHi, e iX BUPOOHUIITBO
BiJicyTHE. Bupimenus npo6iemu nqedinuTy muX KOMIIOHEHTIB MOKIIMBE 32 PaXyHOK
CTBOPEHHSI HAAIHUX TEXHOJOTIH MepepoOKH BTOPUHHUX pecypciB (Ooempuacis,
OOMOBUX YaCTHH, PAKETHUX JIBUTYHIB TBEPJIOIO MajnBa) 13 3aKIHYCHUM TEPMIHOM
30epiraHHs. Pecypco3BOpPOTHI TEXHOJIOTII € €KOHOMIYHO M €KOJIOT1YHO OiIbII
JOIIJLHUMH TOPIBHSHO 3 TEXHOJOTISIMU JIIKBIAAIil, OCKUJIBKH JO3BOJISIOTH
OTPUMYBATH CHUPOBUHY JJIsl TIOBTOPHOTO I[IJILOBOTO 3aCTOCYBAaHHS BUJIYYEHHSM 3
MaTepiaiiB, HEMPUJIATHUX 10 BUKOPUCTAHHS.

Cepen BTOpMHHHUX PECYPCIB JUIsl OTPUMaHHS [IUX CHEPreTUYHUX PEYOBUH Ha
OCOOJIMBY yBary 3aciiyrOBYIOTh CHOPSJDKEHI KOPIyCH JBUTYHIB TBEPJOTO
paketHoro nanmBa (CKJ[ TPII) i3 3akiHUeHUM TepMiHOM 30epiraHHs, KUIbKICTh
akuX B YkpaiHi csarae 1800 T. AHami3 HAyKOBOI JIiTepaTypH CBIAYUTH, 10 HANOIBII
BHUBYCHOIO 1 BifimpaiboBaHo0 TexHosnorieto nepepooku CK/I TPII 31 306epexeHHsIM
CUPOBHMHHOI 0a3uM € MeTOJ TIAPOMEXaHIYHOrO0 BHMMBAHHS, IiJ Yac SKOTro
YTBOPIOIOTBbCA ()parMeHTH TNaluBa, sIKI MOXYThb OYyTHM YTHIII30BaHl Yy CKJajl

npoMucIoBUX BUOyXxoBux pedoBuH (BP) a0o BukopucTaHi SK CHpPOBHHA JJIs



BUJTYYCHHS I[IHHUX KOMITOHEHTIB. BU3HaunTH HallKpari yMOBH JJII OTPUMAaHHS ITHX
KOMITOHEHTIB Ha OCHOBI JIITEPATyPHUX JIKEPETT HEMOKITUBO, OCKUTEKH JOCITIIKEHHS
MPOBOJMIN B PI3HUX YMOBax 1 3 PI3HUMH CHUPOBHHHUMHU pecypcaMu. [loBHICTIO
BIJICYTHI JIaH1 PO BUTYYEHHsI KOMIOHEHTIB 3 Toro Tumy TPIL, sxi HasgBHI B YKpaiHi.
Takum uymHoM, niepepodka TPII 3 orpumaHHsSM amMOHIN Ta Kajid MepXJopatiB 1
OKTOTEHY € aKTyaJIbHOIO HAyKOBO-TEXHIUHOIO 33J/1a4€t0, BUPIIICHHS SIKOi OTpedye
BUKOHAHHS €KCIIEPUMEHTAIILHUX JI0CITiKCHbD.

O06’eKTOM AOCIIKEHb € TEXHOJOT14HI MPOIECH OJIep)KaHHS aMOHIM Ta KaJliii
MEePXJIOPATIB 1 OKTOIEHY 3 EHEPTOKOHICHCOBAHUX CHUCTEM 13 3aKIHUEHUM TEPMIHOM
30epiraHHsl.

o cknany monximeproi Marpuii TPIT Bxoautes NH4ClO4 y kinbkocTi 10 48%,
KU M1 4ac TIpOMEXaHIYHOTO BUMHBAHHS 31 CHOPSAKEHUX KOPITYCIB JBUTYHIB
po3uuHsieThess y Bomi, npote 10 35 % NH4ClO4 3anmumiaetscs y (parmeHTax
nomimMepHoi marpuii  TPII. JlomaTkoBUM BHIIYTOBYBAaHHSIM BOJIOI0 MOXKHA
NIJBUILIUTYU CTYIMIHb BUIYYEHHS — aMOHIIO MepXJIopary 3 nonimepHoi Matpuii TPIT
(ITM TPII). Takox i3 BOJHUX PO3YMHIB, yTBOPEHUX Yy mpoiieci nepepooku TPII,
MO>KHA OTPHMATH Kaiil Mmepxyiopar, 1o € IiIHHUM OKHCHIOBAYEM JIJIs1 3aCTOCYBaHHS
B TIPOTEXHIYHUX CyMIIaX, €JIEMEHTaxX CIOBUIbHIOBAYIB KaICYJIiB-I€TOHATOPIB
HeenekTpuuHuX cucteM iHiMioBaHHS (HCI), HOBMX KOMMO3MWIIIMHUX CKJIaaax
TBEPJOTO PAKETHOTO MMAJIMBa, MPOMHCIIOBUX BUOYXOBUX PEUYOBUHAX.

Y Beryni OOTpYHTOBAHO aKTyaJIbHICTh TEMHU JOCTIIKEHb, CHOPMYIHOBAHO
METY 1 3aBJaHHsI JUCEPTalliifHOi poOOTH, 00’ €KT, MPEAMET 1 METOIU JOCIIIKEHHSI,
BU3HAYCHO HAYKOBY HOBHM3HY Ta TMpaKTUYHE 3HAYCHHS OTPUMAHHX PE3Y/IbTaTiB,
MO/IAHO 3araJIbHy XapaKTePUCTUKY POOOTH, 0XapaKTEpU30BaHO OCOOMCTUI BHECOK
3n00yBaya.

Iepmuii po3aisi NpUCBSUEHO aHaNI3y HAYKOBO-TEXHIYHOI Ta MAaTEHTHOI
JITEpaTypH, MO0 CTOCYEThCS MHUTAHb OJEP>KaHHS aMOHINM 1 KaJllid MepXJopaTiB Ta
OKTOTEHY 3 CHCPrOKOHJCHCOBAHHMX CHCTEM JJII BTOPHMHHOTO BHKOPHUCTAaHHS. 3a
JAHUMU aHaTi3y HAyKOBO-TEXHIYHOI Ta MATEHTHOI JITEPATypH BCTAHOBIICHO, IO B

JiTepaTypl MPaKTAYHO BIJACYTHI JaHl MPO BUJIYYEHHS OKPEMHUX KOMIIOHEHTIB 3



TBEPJOr0 PAaKETHOrO MallMBa, sIKl 30epiraioTbcs B YKpaiHl MOHAJHOPMATHBHUMN
TEPMiH 1 MiJUIIraioTh yTuiizanii. Ha migcrasi anani3zy JaHUX HayKOBO-TEXHIUHOI Ta
MaTeHTHOI JIITepaTypy OOIPyHTOBAHO OCHOBHI HAMPSIMKHU Ta 3a7a4l JOCIIIKEHb.

Y napyromy po3aiji omucaHi 00’€KTH 1 MeTOOM JOCHiKeHb. HaBemena
XapaKTePHUCTUKA BUXIIHUX PEAKTUBIB, BUKOPHUCTAHUX IMPH 3A1MCHEHHI TOCTIKCHb,
METOJMKM TPUTOTYBAHHS PO3YMHIB, METOAM aHai3y BHUXIJHUX 1 OTPUMAHUX
cnonyk. OmnmMcaHO eKCIePUMEHTAbHI YCTAHOBKM 1 METOAUKA BUKOHAHHS
EKCTICPUMEHTIB 13 JOCIIPKCHHS MPOIECIB OJCPKaHHS aMOHIH 1 KaJlii epXJiopaTiB
Ta OKTOT€HY 3 EHEPTOKOH/ICHCOBAHUX CHUCTEM JUISI BTOPMHHOTO BUKOPHUCTAHHSI.

VY TperboMy po3aiji BUKIAAEHO pe3yJbTaTH JOCHIIIKEHb YMOB OJEp KaHHS
aMOHIN 1 KaJii MepxJIOpaTiB Ta OKTOTEHY NEPepOoOKOI0 €HEProKOHICHCOBAHHMX
CUCTEM 13 3aKIHYEHUM TEPMIHOM 30€pIraHHs.

Ha ocHOBI mpoBeneHUX EKCIEPUMEHTIB BCTAHOBJIEHI 3aKOHOMIPHOCTI
BunyroByBanHs NH4ClO4 3 mosiMepHOi MaTpuIll TBEPAOrOo PaKETHOIO IMajuBa.
OTprMaHO KOHCTaHTH 1 EMITIPUYHE PIBHIHHSA, IO BiIOOPAXKYE MPOLIEC BUITYUEHHS
amonito nepxsopary 3 I[IM TPII 3a temmeparyp 20°C 1 80°C. Ilokasano, 110
nigBuIeHHs Temneparypu A0 80°C nokpariye BUIyrOByBaHHS aMOHIIO MIEPXJIOPATY
1 BUIILY€ CTYMIHb BUIYYeHHs y 4—6 pa3. MeToioM cipsiMOBaHOT KpHUCTasi3allii 31
BropuHHOTO [TXA 01epKaHo MPOAYKT, 3 AKOTO OYJI0 BUTOTOBIICHO JIOCII/IHI 3pa3Ku
HOBOro KoMmo3uiiiHoro ckiangy TPII. BurotoBneni 3pa3ku 3a CBOIMHU
pEOJIOTIUHUMHU,  (PI3UKO-MEXaHIYHUMU Ta OaliCTUYHUMHU XapaKTEPUCTHKAMU
HE MOCTYNAIOThCS aHAJOTIYHUM TOKa3HMKaM KoMmo3uiiiHux ckmamiB  TPII,
BUTOTOBJICHUX Ha OCHOBI aMOHIIO MIEPXJI0paTy 3 HOPMATUBHUMH MMOKa3HUKAMHU.

Y  IochmigHO-IPOMHUCIOBUX yMOBax Oyja HampaluboOBaHAa TEXHOJOTISA
BuiydeHHs NH4ClO4 meTomoM i30riapudHoi KpucTamizaiii (IIpu OXO0JIOIKEHHI
po34HHY) 3 poO0oU0i piguHu rigpoMmexaniynoro BumuBadHs TPII. Baockonanenus
KpHUCTaJIi3allii aMOHII0 MEePXJIOpaTy 13 3aCTOCYBAHHSM CTYIIEHEBOTO OXOJIOIKEHHS B
nianasoHi Temmepatyp 3 25°C go 7°C i nepioguuHuM QuUIbTPYBaHHIM TBEpP0i pa3u

Ha HyTY-(DUIBTP1 JO3BOJIMIO MIABUINUTH 3araibHuil cTymiHb BuitydeHHs NH4ClO,4



10 49%, npu 1bOMYy BMICT OCHOBHOI peduoBUMHHU B oTpuMaHux 3paskax NHiClO,
ckiagae 96,2-99,3% (mac).

MeTonoM KOHBEpCii BOAHOTO PO3YMHY aMOHIIO MepxJiopary Oysio OTpUMAaHO
Kanmii mepxyopar. Bussieno, mo 10% HagIMmiok Kadilo TIOPOKCHAY Bij
CTEX1OMETPUYHOTO MiABUIIYE BUX1J IIJILOBOrO MPOAyKTy a0 81,59-90,43%, npu
[bOMY BMICT OCHOBHOI p€UOBHMHHU B OTPUMaHUX 3pa3Kax KaJio MepXJopary cKiaiae
88,5-95,5% (mac).

3a pe3yapTaTaMy €KCHEPUMEHTAIIbHUX POOIT 13 BUIIyYeHHs okToreny 3 TPII
MOKa3aHO, W0 HaWOUIbII JOUUIBHUM CHOCOOOM BWJIYYEHHSI € TMpolec 13
BUKOpUCTaHHAM auMmetwicyinbokcuny (IMCO). [lokazana npuaaTHICTH LBOTO
Croco0y Il BUWJIYYEHHS] OKTOTEHY 3 «BEIMKOD» (Cepe/iHii po3Mip YacTOK BiJl 2 MM
10 15 Mm) 1 «api1OHOI» Ppakuii (cepenHiii po3Mip 4acTOK 10 2 MM).

BusznadueHo TemriepaTypHuUii J1ana3oH cymkuy noiimepHoi marpuiti TPIT micns
BunyueHHss NH4ClOs. BcranoBieHo, 1m0 HaWOUIbII JOUUIBHUM J1alla30HOM
temmnepatyp € 90—100°C. [erigpaTaliis mojaiMepHOi MaTpuili 10 BMicTy Bosiord 3%
(Mac) mo3BoJIsiE 3a0€3MEUNTH CTYIIHb BUITYUYEHHS OKTOTeHY Ha piBHI 71%.

BcranosneHo, 11(0) ONTHMATbHUMHU napamMeTpaMu BHJTyYCHHSI
numeTuicynbdokcuaoM okroreny 3 [IM TPII e: macoBwuii Mmoxynb 2—3 (BITHOIICHHS
JIMCO:IIM), temmnepartypa BuiaydenHs 60-80°C, udac ekcrpakiiii 2—4 roauHw,
BoJioricTh BuxiiHOi [IM moBuHHa ctaHoButu 3-23,5% (Mac), mpu MIBUIKOCTI
nepemimysanas 800-1000 06~'. BuiyueHuii i3 mojgiMepHOi MaTpuili MPOLYKT
171eHTU(PIKOBAHO SIK OKTOT'€H 3a JIonoMororo [U-crekTpockorii.

MeTonoM nepekpucTanizaiii y JuMeTUICYIb(OKCHII 13 BUITYYEHOTO OKTOT'€HY
OTPUMAHO BTOPUHHHM TPOAYKT, SIKHA MOXEe OYTH PEKOMEHIOBAaHUN IS
3aCTOCYBaHHS B TEXHOJIOTi1 MPOMHUCIOBUX BHOYXOBHX PCUOBHH.

[IpoBeneno oOIiHKY Ccrmoco0iB  OTpuUMaHHS CHEPUYHOTO OKTOTEHY 13
3aCTOCYBaHHSAM YJIBTPa3BYKy 1 CIIOCOOOM TiIpOMEXaHIYHOTO OOKadyBaHHS Ha
NPUKJIaAl TEPBUHHOTO OKTOTEHY, SKHH BHUKOPHUCTOBYETHCS y IPOMMCIOBOCTI.
Busnaueno, mio cnoci® TiipoMeXaHI4HOTO OOKaTyBaHHS Y BUXPOBOMY MPHUCTPOI

O11b11 €(heKTUBHUM, HIXK CIOCIO 13 3aCTOCYBaHHSM YJIbTPa3BYKY.



Busznaueno mapamerpu cdepoinu3yBaHHS BTOPMHHOTO OKTOTE€HY 3
OTPMMAaHHAM HPOAYKTY i3 3aJaHMMM XapakTepuctukamu (ryctuHa — 1,89 r/em?,
dbopma YacTUHOK OJIM3bKa J10 CPepUIHOT), MPUAATHOTO JO BUKOPUCTAHHS Y CKJIaIl
POMUCIIOBUX BUOYXOBUX PEYOBHH 1 KOMIO3UIIITHUX CKIIa/I1B TBEPOTO PAKETHOTO
MMaJINBA II1IBUIIEHOI IKOCTI.

[IpoBemeHO TepMOXiIMIUHI PO3paXyHKH ¥  ONTHUMI30BAHO PEIEHTYpPH
emyJbCiiiHuX BuOyxoBux peuoBuH (EBP) 13 goGaBkamu MeTamomoiiMepHOTO
saymmmiky micias BurydeHHss NH4ClOy4 i1 okToreny. IlokazaHo, 110 NPUCYTHICTE 10
10% meTanonoiMepHOro 3alMILIKy 30UIbIIyEe €HEPreTUuyH1 xapakTepucTuku EBP
Ha 11%. Ilpu ubomy, He BIIOYBa€ThCsl 301IBIICHHS BHUKHU/IB TOKCUYHUX Tas3iB.
Taxum unnom EBP, f0 ckiany Sikoro BXOJuUTh METAIOMOIIMEPHUHN 3aJIUIIIOK T1CTs
BuirydyeHHss NH4ClO4 Ta oKTOreHy, MOXYTh OyTH 3aCTOCOBaHI 1Jis1 OypOBHOYXOBHX
poOiT y Kap’epax.

VY yerBepTOMY PO31iJIi MPEICTABICHO OCHOBHI CTa/ii 1 TEXHOJIOTIYHY CXEMY
OTpPMMaHHA aMOHIM 1 Kajlii MepXJopaTiB, OKTOTE€HY B JOCIIIHO-NPOMHUCIOBHX
ymoBax. Po3paxoBaHo marepianbHuii Oananc oTpumanHs 1000 kr BTOpHUHHUX
aMOHIH 1 KaJii mepXJopaTiB, OKTOTEHY.

[TpoBeneHi qOCIIKEHHS T03BOJIAIOTH OTPUMATH 1IHHI €HePreTUYHI PEUOBUHU
(amMOHIM 1 KaJiifi TepxJopaTH, OKTOTEH) [JIsi TMOBTOPHOTO iX BUKOPHUCTAHHS
y IPOMHUCTIOBUX BUOYXOBUX PEUOBHHAX, KOMIO3ULIMHKUX ckiagax TPIL.

KurouoBi cnoBa: awowniu nepxnopam, kanii nepxiopam, meepoe pakemHe
naau6o, OKMO2eH, KOHEEPCIs, BUNLYYEHHA, KPUCMANI3aYld, MEeXHOA02I4, YMULI3ayis,

KOMNO3UYILHUL CKIIAO.



ABSTRACT

M.M.Cheltonov. Obtaining ammonium and potassium perchlorates and
octogen (HMX) by processing expired energy-condensed systems. — Qualifying
scientific work as manuscript.

The dissertation for the degree of Ph.D. in Chemical Technologies and
Engineering (speciality 161), (16 — Chemical and Bioengineering). — State Higher
Education Institution “Ukrainian State University of Chemical Technology”,
Dnipro, 2021.

This thesis paper considers establishing the regularities of physicochemical
processes of obtaining ammonium and potassium perchlorates and octogen (HMX)
from re-used energy-condensed systems.

Ammonium and potassium perchlorates, and HMX are widely used in
industrial explosives, solid rocket propellant (SRP) compositions and other energy-
condensed systems. Many countries where their production is unavailable, such as
Ukraine, have to import these components. The problem of their shortage can be
solved using technologies of secondary resources processing (ammunition,
warheads, solid propellant rocket engines) with expired storage life and unsuitable
for further use. Resource-recovery technologies are economically and
environmentally feasable in comparison with destruction technologies as they allow
raw materials to be obtained for targeted reuse by removing ones from materials
unsuitable for use.

Among the secondary resources for obtaining these energy substances, special
attention should be paid to the equipped casings of expired solid rocket propellant
engines (EC SRPs), the quantity of which is about 1800 thousand in Ukraine. The
analysis of patents and scientific literature shows that the most studied and well
proven resource-recovery technology for EC SRPs processing with the preservation

of the raw material base is a hydromechanical washing-out method during which



fuel fragments are formed. These fragments can be disposed of in the composition
of industrial explosives, or used as raw materials for the extraction of valuable
components. It is impossible to determine the best conditions for obtaining these
components on the basis of published sources, since the studies were carried out at
different conditions and with different raw materials. There is no data on the
extraction of components from the type of SRPs that are available in Ukraine.
Therefore, the processing of SRPs with obtaining ammonium and potassium
perchlorates and HMX is a topical scientific and technical issue, the solution of
which requires experimental research.

The object of research is the technological processes of obtaining ammonium
and potassium perchlorates and octogen from from expired solid rocket fuel.

The composition of SRP polymer matrix includes NH4ClO, in an amount of up
to 48%, which dissolves in water during hydromechanical washout from the
equipped engine casings, but up to 35% of NH4ClO4 quantity remains in the
fragments of the SRP polymer matrix. Additional leaching with water can increase
the degree of ammonium perchlorate extraction from the SRP polymer matrix (SRP
PM). Also, potassium perchlorate can be obtained from aqueous solutions that are
formed during the processing of SRP. PP is a valuable oxidizing agent to be used in
pyrotechnic mixtures, detonator delay elements of non-electric initiation systems
(NEIS), SRP compositions, and industrial explosives.

The Introduction substantiates the relevance of dissertation work, the purpose
is formulated and task of dissertation work, objectives, object, subject and methods
of research, determines the scientific novelty and practical value of the results, the
general characteristic of work is submitted, and characterizes the personal
contribution of the applicant.

The first section is devoted to the analysis of scientific and technical and patent
literature concerning issues of the receipt of ammonium and potassium perchlorates
and octogen from re-used energy-condensed systems. The conducted analytical

review shows that in the literature, there are practically no data on the removal of



individual components from solid rocket fuel stored in Ukraine overtime and subject
to utilization.

On the basis of the analytical data of the scientific-technical and patent literature,
the main directions and objectives of research are substantiated.

The second section gives the information about objects and research methods.
The characteristics of the initial reagents used in the implementation of studies,
methods of preparation of solutions, methods of analysis of output and obtained
compounds are presented. Experimental installations and methods of obtaining
ammonium and potassium perchlorates and octogen (HMX) from re-used energy-
condensed systems.

The third section includes the results of studying obtaining ammonium and
potassium perchlorates and octogen (HMX) by processing expired energy-
condensed systems.

Based on the works performed in laboratory conditions, regularities of AP
leaching from SRP PM are established. Constants and a empirical equation
illustrating the process of ammonium perchlorate extraction from SRP PM at a
temperature of 20°C are obtained. It is shown that raising the temperature to 80°C
improves ammonium perchlorate leaching and increases the degree of extraction by
4—6 times. A modified product is obtained by method of directional recrystallization
from secondary AP. This product is used to make the samples of SRP. In terms of
their rheological, physicomechanical and ballistic characteristics, the produced
samples are not inferior to those of the SRP composition made on the basis of
commercial ammonium perchlorate.

In experimental production conditions, the technology of NH4CIlO4 extraction
by the method of isohydric crystallization (when cooling the solution) from the SRP
hydromechanical washout working fluid is tested. Improved AP crystallization with
staged cooling in the temperature range from 25 °C to 7 °C and frequent Nutsche
filtration of solid phase allows obtaining ammonium perchlorate with the total
degree of 49 % extraction, while the content of the main substance in the obtained

AP samples reaches 96.2-99.3 %.



In laboratory conditions, potassium perchlorate is obtained by conversion of an
ammonium perchlorate aqueous solution. It is found that a 10 % excess of potassium
hydroxide against stoichiometric quantity increases the yield of a target product to
81.59-90.43 %, while the content of the main substance in the obtained samples of
potassium perchlorate reaches 88.5-95.5 %.

According to the results of the experimental work on HMX extraction from
SRP, it is shown that the most expedient extraction method is the process of using
dimethyl sulfoxide (DMSO). The suitability of this method for extracting HMX
from the "large" (the average particle size is from 2 mm to 15 mm) and "small"
fraction (the average particle size is up to 2 mm) is shown.

The temperature range of drying the SRP polymer matrix after NH4ClO4
extraction is determined. It is established that the most appropriate temperature
range is 90-100 °C. Dehydration of the polymer matrix against a moisture content
of 3% (by weight) ensures the degree of HMX extraction at the level of 71 %.

It is established that the optimal parameters for DMSO HMX extraction from
EC SRP are: mass modulus 2—-3 (DMSO:PM ratio), extraction temperature
60—80 °C, extraction time 2—4 h, the moisture content of the original PM should be
3-23.5 % (mass), at a mechanical agitator rotation velocity of 800—1000 rpm. The
product extracted from the polymer matrix is identified as HMX by IR spectroscopy.

By recrystallizing into dimethyl sulfoxide from extracted HMX, a secondary
product is obtained, which can be recommended to be used in the technology of
industrial explosives.

Ultrasonic methods of obtaining spherical HMX and a method of
hydromechanical running by the example of virgin HMX used in industry are
evaluated. It is found that the method of hydromechanical running in a vortex device
is more efficient than the ultrasonic method.

The parameters are determined for spheroidization of secondary HMX to obtain
a product with specified characteristics (density of 1.89 g/cm?, the shape of particles
is close to spherical) which can be used for manufacture of explosives and SRP

compositions of higher quality.



Thermochemical calculations of emulsion explosive formulations containing
the additive metal-polymer residue from SRP disposal are performed to demonstrate
that the addition of up to 10 % of this component to emulsion explosive composition
results in an 11 % increase in energy characteristics of emulsion explosives without
generating complemental volume of toxic gases the amount of which remains
virtually unchanged. Thus, emulsion explosives containing metal-polymer residue
from SRP disposal can be recommended to be used in blasting works at quarries.

The fourth section presents the main stages and technological scheme for
obtaining ammonium and potassium perchlorates and octogen in the experimental
industrial conditions. Material balances of obtaining 1000 kg of secondary
ammonium and potassium perchlorates, HMX are calculated.

The conducted research makes it possible to receive valued energy substances
(ammonium perchlorate, potassium perchlorate, HMX) for reuse within industrial
explosives and SRP compositions.

Keywords: ammonium perchlorate, potassium perchlorate, solid rocket
propellant, HMX, conversion, extraction, crystallization, solid rocket propellant

composition.



