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Pedepar:

1. InceprauiiiHa po60Ta NPUCBSIYEHA JOCIIKEHHIO MOXKJIMBOCTI 3MEHIIEHHS] TEXHOT€HHOTO HAaBAaHTAXKEHHSI Ha
IOBKiJJIS1 y BAPOOHUIITBI BUOYXOBUX PEUOBKH IIJISIXOM PO3POOKHU, €KOJIOTIYHO OE3I1€4HOI TeXHOJIOrii BUPOOHUIITBA
HITpaTy KPOXMAJIIO i3 3aMKHEHHUM 06iroM KUCJIOT, sIKa 3aCHOBaHA Ha HiTPYBaHHI KPOXMAJIIO HiTPyBaJIbLHUMU
CEpenoBUIIAMU HA OCHOBI HITPAaTHOI KUCJIOTU. BUKOpUCTaHHS TaKOI TEXHOJIOTII BUKJIIOYAE MIOTPAIJISIHHS KUCIIUX
CTOKIB y OTOUYyIO4e cepeJioBullle Ta 3abe3leuye BUCOKY XiMidHY CTIIKiCTbh O€pP>KyBaHOT'O HITPaTy KPOXMaJlo.
HiTpyBaHHS KpOxmaJlio HiTPaTHOIO KUCJIOTOIO NPOTiKae OJJHOYACHO 3 PO3YMHEHHSIM KPOXMAJIIO Ta € ABOCTAiHUAM,
110 MOB'SI3aHO 3 Pi3HOIO MBUAKICTIO PO3YMHEHHSI aMOP(PHUX Ta KPUCTANIIUHUX 06J1aCcTell KPOXMAJIbHUX 3€PEH Y
HITpaTHii K1CIOTi. BMiCT HiTpOreHy B oiep>KyBaHOMY HiTpPaTi KPOXMAUIIO ICJIsl IIEBHOTO Yacy HiTPyBaHHS HabyBae
6JIM3bKOTO [I0 MOCTIMHOrO 3HaY€HHS Yepe3 Ny»Ke IOBiJIbHe PO3YMHEHHS B HITPaTHiN KUCJIOTI HalbiIblI JOCKOHAINX
(PparMeHTiB KpUCTAJIiYHUX 061acTel (KpucTaliTiB). Cepel, peXXMMHUX ITapaMeTpPiB TAaKOro MPOoLeCy HalobiIbmnii
BIUIMB Ha BMiCT HITPOT€HY B HiTpaTi KpOXMaJo0 Ma€e BMiCT BOJY B KUCJIOTI, 110 HITPye Kpoxmasb. Hail6inbmuii BB

Ha KiHeTHKY HITPyBaHHS KPOXMaJII0 Ma€ BMICT BOJIY B KMCJIOTI, LIJO HITPy€e KPOXMaJlb, IPUUOMY 3i 301/IbIIEHHSIM ii



BMICTY MIBUIKICTb HITpyBaHH4 nazae. Lli pe3ysibTaTul CTaau OCHOBOIO 1711 PO3POOKM MaTeMaTUYHOI MOJieli KiHeTUKA
MIPOLECY HITPYBaHHS KPOXMAJIIO HITPAaTHOIO KMCJIOTOIO, IKa AO3BOJIS€E 3a]al04X MOTro apaMmeTpy, IPOBOJUTH
PO3paxyHKH BMICTY HITPOTeHy B HiTpaTi KpOXMAaJIIo 32 Pi3HOr'O 4acy HiTpyBaHHS Ta, BiNOBiHO, OGI PYHTOBYBATHU
BUOip palliOHaJIbHUX PEXXUMIB 10T0 OLEP>KAHHS, 0 3HUXKY€E 06'€M KUCIOTHUX BiIXO[iB BUPDOOHUIITBA,
€HEepProBUTPATU Ha iX IepepoOKy, 110 3MEHINy€E TEXHOT€HHE HaBaHTaKEeHHSI Ha OBKIJLIA. Y pasi HiTpyBaHHS
KPOXMaJIIO CyMIlIIIIO HITPaTHOI Ta Cy/IbPaTHOI KUCJIOT BMICT HITPOT€HY B HiTpaTi KpoxmaJio HabyBae
MaKCHMMaJIbHOTO 3HaY€HHS 32 MACOBOTO CIiBBiJHOLIEHHS KUCJIOT Y HiTpyBasbHiN cymimi H2SO4 /HNO3 = 3,
II0YaTKOBOTO BMICTy Bogu y cyMii 8-10%, nouaTkoBoi ii Temneparypu 35-40°C, yacy HitpyBaHHs 30-35 XBUIKH i
mogyJio HiTpyBanHs 30-40. HiTpat kpoxmariio ofiepskKaHuii 3 BUKOPUCTaHHIM CYMillli HITpaTHOI Ta cyJbdaTHOl
KUCJIOT Ha BiIMiHY Bifl BUNIa[IKy HiTPYBaHHS OJHi€l0 HITPATHOIO KUCJIOTOIO, 36epirae 3epHUCTY CTPYKTYPY
[IOYaTKOBOT'0 KPOXMAJIIO, ajle Ha [IOBEPXHI 36PEH YTBOPIOIOTLCS XapaKTEPHI Je(eKTH BHACIILOK 3MiHN ixX
BHYTPIIIHBOI CTPYKTypU. OCaZ>)KEHHS HITpaTy KPOXMAJIIO 3 PO34MHIB HITPATHOI KUCJIOTH Bifi0yBa€ThCs 32
CIIiIHOAJIbBHUM MeXaHi3MoM. BOHO Bifi0yBaeTbCs ofipasy Iif] yac KOHTAKTY 3 OCA/I>KyBaJIbHOIO BOJIOI0 3 YTBOPEHHSIM
IBOX (a3: oJ1iMEPHOI Ta HU3bKOMOJIEKYJISIPHOI. HalibinbIunil BIIJIMB Ha XapaKTeP B3aeMOJii pO34MHY HiTpaTy
KPOXMAJIIO 3 OCAPKyBaJIbHO BOZOI0 MAIOTh ii TeMIlepaTypa Ta KOHLIEHTPallis po3uuHy. CKiIaj 0Cai)KyBaJbHOTO
CEepeJOBUIIA Ta MOJIYJIb OCA/I)KEHHS HE MAIOTh iCTOTHOTO BIJIMBY Ha MPOLIEC OCAIKEHHS Ta CTaH OCAIPKEHOTO
HITpaTy KpOXMaJlio, 1110 J03BOJIsIE IPOBOIUTY OCA/I)KEHHSI B p030aBjieHy HiTPaTHY KUCJIOTY, KOHLIEHTPallisl SIKOi
ITiCJIs1 OCa/I)KEHHSI CTa€ LOCTAaTHBOIO 17151 pereHepatii. Hitpat kpoxmarito, ogep>kaHuil HITpyBaHHSIM KPOXMAJIo
OJIHi€I0 HITPATHOIO KUCJIOTOIO € 3HAYHO O6ibLI XiMiUHO CTilIKMM y MTOPiBHSIHHI 3 HITPAaTOM KPOXMAJIIO, OJlep>KaHUM 34
BUKOPUCTaHHS [JIs1 HITPyBaHHS CyMillli HITpaTHOI Ta cyib(aTHOTHOI KMCJIOT, 32 Oyb-5IKOTO BapiaHTy cTabisizauii,
BHACJIiZIOK BifICyTHOCTi B HbOMY HECTiMKUX Cy/Ib()aTHOKUCJIOTHUX €CTEPIB KPOXMAJIIO, Ki KaTajli3yloTb HOr0o
PpO3KJIafaHHs. BcTaHoBIEHO, o 14 cTabisnizallii Takoro HiTpaTy KpOXmaslio JOCTaTHbO IIPOMUBKH BOZOIO 3
temnepatypoio 90-95°C nmpotsarom 10 xBunuH, 06’eM sxoi craHoBuTh 0,19 M3 /Kr HiTpaTy Kpoxmasio. Lle no3Bossie
00MEXUTU 00'EM KUCJIMX CTOKIB MiHiMaJIbHOIO KiJIbKiCTIO BOZIM, HEOOXiAHOIO N1 3a0e3Me4eHHs Moro XiMivyHoi
CTIilIKOCTI, 110 3MEHIIy€e TEXHOT€HHE HaBaHTa)KEHHSI Ha JOBKIJIS. Tako 6yJI0 BU3HAYEHO ITOKA3HUK IJ1s1 OLiHKU
XiMiYHOI CTIMKOCTI HITpaTy KPOXMAJIIO: HITPaT KPOXMAaJIIO BBAXKAEMO CTIMIKMM, KO TEMIIEPATypa I10YaTKy 10ro
aKTUBHOTO PO3KJIaJlaHHs NlepeBullye 168°C.3arponoHOBaHO €KOJIOTIYHO Oe3[eYHUI BapiaHT TEXHOJIOTIYHOI CXeMU
6e3repepBHOro BUPOOHMIITBA HITPaTy KPOXMAJIIO 3 BUKOPUCTAHHIM 6apaGaHHOro BaKyyM-QisIbTPY, B IKOMY
noenHaHi Bci oneparii fioro crabinizanii. TexHosoris 3acHOBaHA Ha HITPYBaHHI KpPOXMall0 KOHIIEHTPOBAHOIO (He
meHie 90%) HITpaTHOIO KMCJIOTOIO, TOJAJIBIIOMY OCA/IKEHHI HITPAaTy KPOXMaJIIO 3 OfIeP>KaHoro po3unny y 40-55%-
OBOMY BOJIHOMY PO34MHi HITPaTHOI KMCJIOTH, KOHLEHTpALlisl SIKOi MicJist ocamykeHHs cTtae =50%, 10 € OCTaTHbO IJIsl
edekTuBHOI ii pereneparii. Ctabinizauis ocapKeHOro HiTpaTy KPOXMaJlio MPOBOAUTLCS LIJISIXOM IPOMUBAHHS 10TO
BOZOI0 3 Temriepatypoto 90-95°C, sika micJist oAaBaHHS Y Hei KOHLIEHTPOBAHOI HITPaTHOI KUCIIOTU
BUKOPHUCTOBYETBCA [JIs1 IPUTOTYBAHHS OCA)KYBaJIBHOT'O CEPEOBUILA. BinnpaljtoBaHHs TaKOrO TEXHOJIOTIYHOTO
IIPOLIECY B JIaGOPATOPHUX YMOBAX JO3BOJIMJIO BCTAHOBUTH HOTO PEKMMU 3a SIKUX 3a0€311e4yeThCsl €(PEKTUBHA
pereHepatis 0caJKyBaJbHOIO CEPEIOBUINA Ta BUCOKA XiMiUHA CTIMKICTh OLEP>KyBAaHOTO HITPATYy KPOXMAJIIO.
BukopuctanHs po3po6JieHOi TeXHOJIOTIi € 3aI10PYKOI0 3HAaYHOTO 3MEHIIEHHSI TEXHOT€HHOT'O HaBAaHTAKEHHSI Ha

IOBKiJIIS y cepi BUPDOOHULTBA 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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