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1. lucepTaniiina po6oTa MpucBsYeHa IOCIiTKEeHHIO MOXKJINBOCTI 3MEHIIIEHHS TEXHOT€HHOTO HaBaHTaXKeHHS Ha
IOBKiJIIS1 y BADOOHUIITBI BUOYXOBUX PEUYOBYH IIJISIXOM PO3POOKHU, €KOJIOTIYHO O€31€YHOI TEXHOJIOTii BUPOOHUIITBA
HITpaTy KpOXMaJo i3 3aMKHEHUM 06iroM KUCJIOT, sIKa 3aCHOBAHA Ha HITPyBaHHI KPOXMAJIIO HiTPyBaJlbHUMU
CEpenoBUIIAMU HAa OCHOBI HITPAaTHOI KMCJIOTU. BUKOpUCTaHHS TaKOi TEXHOJIOTIi BUKJIIOYA€E OTPAIJISIHHS KUCTINX
CTOKIB Y OTOYYIOUE CEPEOBHUIIE Ta 3ab€31edye BUCOKY XiMiYHY CTIMKiCTh OJ1€p>)KyBaHOI'0O HiTPaTy KPOXMaJIIo.
HiTpyBaHHS KpOXMaslio HITPATHOIO KUCJIOTOIO MPOTIKA€ OJHOYACHO 3 PO3YMHEHHAM KPOXMAJIIO Ta € ABOCTALINHUM,
110 MOB'S3aHO 3 Pi3HOIO IBUAKICTIO PO3YMHEHHSI aMOP(PHUX Ta KPUCTAJIIYHMX 00J1aCTell KPOXMAJIBHUX 3€PEH Y
HIiTpaTHiil KUCJIOTi. BMiCT HiTpOreHy B oiep>KyBaHOMY HiTpPaTi KpOXMaJlio MiCJsl IEBHOTO Yacy HiTpyBaHHS HabyBae

6JIM3bKOTO [I0 MOCTIMHOTO 3HAY€HHS Yepe3 NyKe IMOBiJIbHE PO3YMHEHHS B HITPAaTHIN KUCJIOTI HAMOiIbII TOCKOHAINX



(PparMeHTiB KPUCTAJIIYHUX 0bacTer (KpucTaliTiB). Cepel peXXMMHUX IIapaMeTpPiB TAKOro MPOLEeCy HalOiIbmnA
BILJIMB Ha BMICT HITPOreHy B HiTpaTi KpOXMaJlio Ma€e BMICT BOAU B KUCJIOTI, 110 HITpye Kpoxmasib. Haitbinpmuii BIIJIUB
Ha KiHeTHKY HITPyBaHHS KPOXMaJIl0O Ma€ BMICT BOJIY B KMCJIOTI, LIJO HITPy€ KPOXMaJb, IPUUOMY 3i 301/IbIIEHHSIM ii
BMICTY IIBUJKICTb HiTpyBaHHS Nafae. i pe3ysbTaTi CTalu OCHOBOIO 11711 PO3POOKMA MaTeMaTUYHOI MOJIeJli KIHETUKA
IIPOLIECY HITPYBaHHS KPOXMAJIIO HITPATHOIO KMCJIOTOIO, KA 03BOJISE 3a4a104M HOro MapaMmeTpy, IPOBOINUTH
PO3paxyHKH BMICTY HITpPOTeHy B HiTpaTi KpOXMAaJIIo 32 Pi3HOr'0 4acy HiTpyBaHHS Ta, BiANOBiHO, OGIPYHTOBYBaTU
BUOIp pallioHaJIbHUX PEXXUMIB F1OT0 OL€P>KaHHS, 1110 3HUXKY€e 06'€eM KUCIOTHUX BiIXO[iB BUPDOOHUIITBA,
€HEepProBUTPATU HA iX IepPePOOKY, 110 3MEHIIy€E TEXHOTEHHE HAaBAHTKEHHSI Ha IOBKLJLIS. Y pasi HiTpyBaHHS
KPOXMaJIIO CyMIIIIIIO HITPATHOI Ta Cy/1bPaTHOI KUCJIOT BMICT HITPOTEHY B HiTpaTi KpoxmaJio HabyBae
MaKCHMMaJIbHOTO 3HaY€HHS 32 MACOBOTO CIIiBBiJHOLIEHHS KUCJIOT Y HiTpyBasbHiN cymimi H2SO4 /HNO3 = 3,
IIOYaTKOBOTO BMICTy Boau y cyMii 8-10%, nouaTkoBoi ii Temneparypu 35-40°C, yacy HiTpyBaHHS 30-35 XBWIKH i
mogayto HiTpyBaHHs 30-40. HiTpat Kpoxmariio ofep>kaHuii 3 BAKOPUCTAHHSIM CyMillli HiTpaTHOI Ta cyJibpaTHO]
KUCJIOT Ha BiIMiHY Bifl BUNIa[IKy HiTPYBaHHS OJHi€I0 HITPATHOIO KUCJIOTOIO, 36epirae 3epHUCTY CTPYKTYPY
[I0YaTKOBOT'0 KPOXMaJllo, ajle Ha [I0BEPXHi 3ePEH YTBOPIOIOTLCS XapaKTEePHi Je(eKTH BHACIIIOK 3MiHN ixX
BHYTPIIIHBOI CTPYKTYypU. OCaZ>)KEHHS HITpaTy KPOXMAJIIO 3 PO34MHIB HITPATHOI KUCJIOTH Bifj0yBa€ThCs 32
CIIiIHOAIbHUM MeXaHi3MoM. BOHO Bifi0yBaeTbCs ofipasy Iif], yac KOHTAKTY 3 OCA/I>KyBaJIbHOIO BOZIOIO 3 YTBOPEHHSIM
IBOoX (da3: 0J1iMEPHOI Ta HU3bKOMOJIEKYJISIPHOI. HalibinbInil BIIJIMB HA XapaKTep B3aeMOJii pO34uHY HiTpaTy
KPOXMAJIIO 3 OCAPKyBaJIbHO BOZOI0 MAIOTh ii TeMIlepaTypa Ta KOHLIEHTpallist po3uuHy. CKilaj, 0Cai)KyBaJbHOTO
CepeloBUIIA Ta MOAYJb OCAIPKEHHS] HE MAIOTh iCTOTHOTO BIUIMBY Ha MPOLEC OCAIPKEHHS Ta CTaH OCAIPKEHOTO
HITpaTy KpOXMaJlio, 1110 J03BOJIsIE IPOBOIUTY OCA/I)KEHHSI B p030aBjieHy HiTpaTHY KUCJIOTY, KOHLIEHTPallisl sIKOi
ITiCJIs1 OCa/IKEHHSI CTa€ LOCTATHBOIO 17151 pereHepatii. Hitpat kpoxmasio, ogep>kaHuil HITpyBaHHSIM KPOXMAaJIo
OJIHi€I0 HITPaTHOIO KACJIOTOIO € 3HAYHO GiIbLI XiMiYHO CTIIKAM y OPIBHSIHHI 3 HITPATOM KPOXMAJIIO, OJePKaHUM 3a
BHUKOPHWCTaHHS [JIs1 HITPyBaHHS CyMillli HITpaTHOI Ta Ccyib(aTHOTHOI KMCJIOT, 32 Oyb-5IKOTO BapiaHTy cTabisizauii,
BHACJIiZIOK BifICYyTHOCTi B HbOMY HECTiMKUX CYy/1b(aTHOKUCJIOTHUX €CTEPIB KPOXMAaJIIO, SKi KaTasi3yloTh HOro
PO3KJIaJlaHHs. BcTaHOBIIEHO, IO 17151 CTabisizallii TaKoro HiTpaTy KpOXMasllo JOCTaTHbO IIPOMUBKY BOJIOKO 3
temrepaTtyporo 90-95°C npotsirom 10 xBuiInH, 06'eM siKoi ctaHoBUTh 0,19 M3 /Kr HiTpaTy Kpoxmaitto. Lle go3sossie
00MEXUTH 00'EM KUCJINX CTOKIB MiHiMaJIbHOIO KiJIbKICTIO BOJIM, HEOOXigHOIO 11 3a0e3redyeHHs Moro XiMivyHoil
CTilIKOCTI, 1110 3MEHIIIy€e TEXHOT€HHE HaBaHTAXKEHHSI Ha [OBKiJIs. Takox 6yJi0 BU3HAYEHO [TOKA3HUK JJ1s1 OLiHKU
XiMiYHOI CTIMKOCTI HITpaTy KPOXMAJIIO: HITPaT KPOXMAaJIIO BBAXKAEMO CTIMIKMM, SIKIO TEMIIEpATypa I10YaTKy 10ro
aKTUBHOTO PO3KJIaJlaHHs repeBuinye 168°C.3arnponoHOBaHO €KOJIOTIYHO Oe3MeYHMI BapiaHT TEXHOJIOTIYHOI CXeMHU
6e3nepepBHOro BUPOOHMIITBA HITPATy KPOXMAaJIIO 3 BUKOPUCTAHHIM 6apabaHHOro BaKyyM-QisIbTPy, B IKOMY
noefHaHi BCi onepatii oro crabinisauii. TexHosorist 3acCHOBaHa Ha HITPYBaHHI KpPOXMaJIl0 KOHLEHTPOBAHOIO (He
meHme 90%) HITpaTHOIO KMCJIOTOIO, TOJAJIBIIOMY OCA/IKEHHI HITPaTy KPOXMaJIIo 3 Of1eP>KaHoro po3unHy y 40-55%-
OBOMY BOJIHOMY PO34MHi HITPaTHOI KHMCJIOTH, KOHLIEHTpALlisl SIKOi MicJist ocamykeHHs cTtae =50%, 10 € JOCTaTHbO IJ1st
edekTuBHOI ii perenepariii. Ctabinizauis ocapKeHOro HiTpaTy KPOXMaslio MIPOBOAUTLCS LIJISIXOM IPOMUBAHHS 10T0
BOzOI0 3 Temriepatypoto 90-95°C, ska micsisl [ofaBaHHs Y Hei KOHIIEHTPOBAHOI HITPaTHOI KUCJIOTU
BHMKOPHCTOBYETbHCS [IJIs1 IPUTOTYBAHHS OCA)KyBaJIbHOTO CEPENOBUILA. BifpaltoBaHHs TAKOTO TEXHOJIOTIYHOTO
Ipolecy B JIab0PaTOPHUX YMOBAX J03BOJIMIIO BCTAHOBUTH MOTO PEKMMMU 32 SIKMX 3a6€31e4yeThCs ePeKTMBHA
pereHepatis 0CaiKyBaJbHOIO CEPELOBUILA Ta BUCOKA XiMiYHA CTIMKICTh OLEPKYyBaHOTO HITPATy KPOXMAIIO.
BukopucTaHHs po3po6JieHOI TEXHOJIOTII € 3a[10PYyKOI0 3HAYHOTO 3MEHIIEHHS TEXHOT€HHOTO HAaBaHTa)KEHHS Ha

IOBKiJIS y cpepi BUPOOHULTBA BUOYXOBUX PEYOBUH.

2. The thesis is devoted to the study of possibility of reducing the technogenic load on the environment in the
production of explosives by developing an environmentally safe technology for the starch nitrate production with
a closed cycle of acids, which is based on starch nitration with nitrating media based on nitric acid. Using of this
technology excludes the release of acidic drains into the environment and ensures high chemical stability of the
obtained starch nitrate. Starch nitration with nitric acid occurs along with the dissolution of starch in two stages,
which is associated with different rates of dissolution of amorphous and crystalline regions of starch grains in
nitric acid. The nitrogen content in the obtained starch nitrate after a certain time of nitration becomes close to a



constant value because of very slow dissolution of the most perfect fragments of crystalline regions (crystallites) in
nitric acid. Among the regime parameters of this process, the water content in the acid that nitrating starch has
the greatest influence on the nitrogen content in starch nitrate. The water content in the nitrating acid has the
greatest influence on kinetics of starch nitration, and with its content increases, the rate of nitration decreases.
These results became the basis for the development of a mathematical model of the kinetics of the process of
starch nitration with nitrate acid, which allows, by setting its parameters, to calculate the nitrogen content in
starch nitrate at different time of nitration and, accordingly, to justify the choice of rational modes of its
production. It reduces the volume of acid production waste, energy consumption for their processing that reduce
the technogenic load on the environment. In case of starch nitration with a mixture of nitric and sulfuric acids the
nitrogen content in starch nitrate reaches its maximum value at the mass ratio of acids in the nitrating mixture
H2S04 /HNO3 = 3, the initial water content in the mixture 8-10%, its initial temperature 35-40°C, nitration time
30-35 minutes and nitration module 30-40. Starch nitrate obtained using a mixture of nitric and sulfuric acids, in
contrast to the case of nitration with one nitric acid, preserves the granular structure of the original starch, but
characteristic defects on the surface of the grains are formed due to a change in their internal structure.
Precipitation of starch nitrate from nitric acid solutions occurs by spinodal mechanism. It occurs immediately
upon contact with precipitating water with the formation of two phases: polymeric and low molecular. The
temperature and concentration of solution have the most influence on the nature of interaction of starch nitrate
solution with the precipitating water. The composition of precipitating medium and precipitating module don’t
have a significant effect on the precipitation process and the state of the precipitated starch nitrate, which allows
precipitation in dilute nitric acid, which concentration after precipitation becomes sufficient for regeneration.
Starch nitrate obtained by nitration of starch with one nitric acid is much more chemically stable compared to
starch nitrate obtained by using for nitration a mixture of nitric and sulfuric acids, under any stabilization option,
because of absence unstable sulfate esters of starch, which catalyze its decomposition. It was established that to
stabilize such starch nitrate, it is sufficient to wash with 90-95°C water for 10 minutes, the volume of which is 0,19
m3/kg of starch nitrate. This allows to limit the volume of acidic waste water to the minimum amount of water
needed to ensure its chemical stability that reduce the technogenic load on the environment. An indicator for
assessing the chemical stability of starch nitrate was also determined: starch nitrate is considered stable if the
temperature of its active decomposition exceeds 168°C. It was proposed an environmentally safe version of the
technological scheme for starch nitrate continuous production using a drum vacuum filter, in which combined all
operations of its stabilization. The technology is based on the starch nitration with concentrated (at least 90%)
nitric acid, subsequent precipitation of starch nitrate from the resulting solution in the 40-55% aqueous solution
of nitric acid, the concentration of which after precipitation becomes =50%, which is sufficient for its effective
regeneration. Stabilization of precipitated starch nitrate is carried out by washing with 90-95°C water, which, after
adding concentrated nitric acid, is used to prepare the precipitation medium. Development of such technological
process in laboratory conditions made it possible to establish its regimes which effective regeneration of the
deposition medium and high chemical stability of the obtained starch nitrate are ensured. Using of the developed
technology is the key to reducing the technogenic load on the environment in the field of explosives production.
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BiiacHe IIpizBuie Im'sa ITo-6aTbKOBI

TOJIOBH paju

BaacHe IlpizBuiie Im's ITo-6aTbKOBI

rOJIOBYIOYOTO Ha 3acCifiaHHi

BinmoBigasbHUH 3a MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

Peectpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peECTpallil0o HAyKOBOIi

OisIJIbHOCTI

I'ypeus Jlapuca JleoniniBHa

I'ypeus Jlapuca JleoniniBHa

Borko AHTOH OJsiekcaHIpoBUY

VkpIHTEI

FOpuenko TetsaHa AHaToiiBHA



