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V3cneaBaHu ca cmMecn Ha esHOOCHOBHM BapyT ¢ Xrop M Gpomcbabpxalyy NoNMMEpH B PasnMYHO CLOTHOLLEHWE, KOWTO HaMMpaT MPUNOXEHUE B PyOHULM W
kapuepy B YyxbuHa. Cnep cTaHaapTHO cTapeeHe ¢ npogbmkuTenHocT 120 u 240 yaca B yCNoBUS MMMTUPALLYM CITbHYEBA CBETNMHA, C AUdepeHLmanHa ckaHupalya
KanopumeTpus Bsixa onpeaeneHn exk3oedekTuTe: MakcuMarnHa TemnepaTtypa Ha nuka, KomM4YecTBO OTAENeHa TomnuHa W 3arybata Ha Maca. 3a ropumocTTa Ha
CMecuTe Ce Cbau MO CTaHgapTW3MpaH nokasaTen Ha ropumocT (K), mo CTOMHOCTUTE Ha KOWTO Ce KaTeropuaupar B 4eTUpU rpymu: NECHOrOpUMM, FOpUMU,
camo3aracBally 1 Heropumu. EChekTBHOTO AeiicTBME Ha M3bpaHuTe CbeOMHEHNs Ce onpeaenst OT CKOpOCTTa Ha 0bpasyBaHe Ha UHXMOUTOPUTE Ha ropeHe, KoSTo
3aBUCY OT TeMnepaTypaTta Ha TEpMUYHOTO UM pasnaraHe. 3aToBa DapyTuTe 6sxa CMecBaHM C NONMMeEpHW C HavanHa TemMnepaTypa Ha pasnaraHe no-Hucka ot Tasu
Ha CaMOCTOSTENHO ropeHe Ha bapyTuTte. Taka ce Cb3aaBaT eDeKTUBHM MHXMOMTOPM Ha FOpEHE OLLE B HA4anHUs CTaaui Ha HarpsiBaHe Ha CMecuTe.

YnpaBnsiemuTe ropyBHN XapaKkTepUCTUKW Ha peLienTypuTe noBuwwaBaT 6@30macHOCTTa Ha TpaHCMopTa, CbXpaHEHWETO 1 ynoTpebaTa Ha NpeanaraHuTe Matepuan.

BbBEAEHUE

B3pvBHOTO npeBpbLUaHe Ha BapyTuTe NpeAcTaBnsBa ropeHe
C MaKCUMarHO KONWUYeCTBO OTAENSAHE Ha ra3oBe U MUHUMANHO
- Ha TBbPAM OTNagbLK. Te BCe NOBeYe HaMMpaT MPUIOXEHUE
B CMecu C Apyru B3puBHu BellecTsa (BB) nnu gobasku kato
HOBM BIMCOKOEHEPIMIAHN U3TOYHMLMA 3@ PYOHULNTE W Kapuepu-
Te. He e 3a npeHebpersaHe u focTbnHaTa cypoBiHHA 6asa,
nopagu 0cBobOXaaBaHETO WM MO Pa3NyHU MPUYUHM  OT
OCHOBHOTO M NpeaHa3sHa4yeHne B apMENCKOTO BLOPBKEHME W
TEXHMKA.

[obaBsHe Ha nonMmepw 3a perynmupaHe Ha ropumocTTa Ha
BB ce npunara B pasnnyHi obnactu: peketoctpoene Kitano Y.
(1997), nupotexnuka Fire Retardant system(1996), npepa-
6oTka Ha nonmmepun Wang Xu (1996).

Llenta Ha goknaga, KOMTO € NpogbiKeHWe Ha u3cneasaHus
Ganev R., Glavchev 1. (2002), e ga ce xapaktepusupa 6e30-
nacHaTa ropumocT Ha B3pMBHM CMeCK OT DapyTu U XamnoreH-
CbbpXally NONMMMEPH, CbMONMMEpU U ONUrOMepn  3a
PYOHUALI U Kaprepu.

METOOWKA HA U3CNEABAHETO
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ObekT Ha u3crnegBaHe ca CMeCW OT eHOOCHOBHW HapyTu
(EB) Ha ApceHan, bwnrapus ¢ xnop u 6GpomMchabpxKaLm
nonumepu:

] BpomenokcupeH onuromep (BEO),

= BUHUNXNopua/BuHunaLeTat (BX/BA),

] enokcugeH onmromep ot ducteron A (IE600),
= xnopkayuyk (XK),

L] nepxnopeuHun (MXB),

] X1oprpeHoB kay4yk (XK),

= B CMeC OT pa3TBOPUTENM aLETOH M LMKIoxekcaHoH (LIX)
CbOTHOLLEHME 1:1

CwmecuTe ce HaHacaT BbPXy MNacTUHW OT ABOMHOAEKanu-
paHa cTomaHa ¢ pasmepu 120xX90mm BbB BMA Ha unmn ¢
pebenuHa 20pum..

Mokasatens Ha ropumocT (K) ce onpeaenu kato OTHOLLEHME
Ha BPEMeTO 3a CaMOCTOSITENHO FOpPEHe Ha ONUTHUTE 0Bpa3Lm
KbM BPEMETO 3a MPWABWMXKBAHE Ha (PPOHTA Ha rOPeHe BbpXY
onpeaeneH yyactsbk oT npobHoTo Tano bC 10457-(1998).

PE3YNTATU N OBCBXOAHE

MpeaBapuTENHUTE EKCNEPUMEHTM MOKA3BaT, Ye HE BCUMKM
XanoreH - CbAbpXally MoNMMEpU MMaT KauyecTBa Ha edek-
TMBHW CbCTaBKM, rapaHTMpal OesonacHaTta ropuMOCT Ha
cmecute. Heobxogumo ycnosue e Te fa nputexasat Jocta-



TBHYHO KONMYECTBO XNOP MW 6poM. bpomcbabpxalluTe enok-
CUOHM CbEAMHEHNS ca NO-eheKTUBHY, 3aTOBA KONMWMYECTBOTO
Br B cmecute Moxe fa Obae nmo-mManko 3a LOCTUraHe Ha
XenaHata KaTeropuss Ha TOpUMOCT. Xrnopcbabpkalute
nonuMepu ca no-Manko eqekTMBHW, HO ca MO-€BTUHW U
HaMMpaT Mo-LUMPOKO MPUMOXKEHNE.

MaucksaHeTo 3a no-edekTuBHO aenctsie Ha Cl wnm Br
CbObpXally noruMepu ce Onpeaenss OT CKOpOCTTa Ha
0bpasyBaHe Ha WHXMOUTOPUTE Ha rOpEHe, KOUTO 3aBUCAT OT
TemnepaTtypata Ha pasnaraHe Ha nomumepute. [lo Tasu
npuynHa, B cMecute ¢ EB Gsixa m3nonasaHu nonumepu c

HayarnHa Temnepatypa Ha pasnaraHe no-Hucka ot Tasu Ha EB.
Taka ce cb3gaBat eqheKTUBHI MHXUBUTOPY Ha ropeHe
OLLe B HA4anOTO Ha HarpsIBaHETO Ha CMecUTE.

CbObpKaHMeTo Ha CyX0 BELLEeCTBO B CMECUTE BIWSIE, KaKTO
BbPXy MEXaHM3Ma UM CKOPOCTTa Ha M3napeHue Ha
pa3TBOPUTENUTE, Taka UM BbPXY KMHETUKATAa Ha B3PUBHOTO
npespblyaHe. M3uncneHo Ge NPOLEHTHOTO CbAbpxaHWe Ha
XanoreH u Cyxus octaTbk Ha cmecute oT EB ¢ Bpom u
Xnopcbabpxallym nonumepu. Cuetaute Bsixa OT Ba UK Tpu
KOMMOHEHTa, a B efjHa [Boika Oe u3nonssaH W BTBbPAMUTEN
nonuuaoumaxar (tabn. 1).

Tabnuua 1. OnpegensiHe nokasatens ropumocT K Ha nokputus ot EB ¢ nonumepw, CbnonvMepu 1 oiMromMepm

onut CboTHOLLEHME Cyxo cbabpxaHue Coippxane Mokasaten ha

No CbCTaB Ha nokputue (% %] Ha x%noreH ropuMocT
[%] K

1.1 80:20 13 Br 1,08 ropum
1.2 EB + BEO 60 : 40 13 Br 2,16 camo3aracBaly,
1.3 40: 60 13 Br 3,24 TpyAHoOropum
2.1 80:20 13 Br 1,06 ropum
2.2 60 :40 13 Br 2,10 camo3aracsa
2.3 EB + BEO + Tebpauten 40:60 13 Br 3,12 camoaaracsaﬁj
24 20:80 13 Br 4,25 TPYAHOrOp1M
3.1 Eb + BEO + E[IO 20:40:40 25 Br 4,16 camo3aracBall
4.1 20:80:10 25 Cl 1,71 camo3aracBall
4.2 Eb + E[O + XN 20:80:20 25 Cl 3,20 camo3aracBaly
4.3 20:80:30 25 Cl 4,33 TPYAHOrop1Mm
5.1 20:80:12 25 Cl 1,96 camosaracBall
52 Eb+ERO + NXB 20:80: 18 25 Cl 278 |tpyaHoropum
6.1 20:80:20 25 Cl 1,67 camo3aracBall
6.2 EB+ERO+ XK 2080 40 25 Cl 287  |tpyaHoropum
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Ot paHHuTe B Tabnuuata ce BXAa, kak C HapacTBaHe Ha
KOHLIEHTpaLusTa Ha XanoreH pacte W yCTOAYMBOCTTa CpeLLy
ropeHe. XamnoreHCbAbpXalyuTe NonuMMepu ce pasnarat, KaTo
obpa3yBaT XanoreHu, XanoreHBOZOPOL WNKM XaroreHupaxu
BBLIEBO4OPOAN, KOUTO NMPOsBABAT CBOSI OrHE3alnTeH edekT
rnaBHo B rasosa (hasa.

Mopagn no-ronsmata atomHa maca Ha Br, ©post Ha
monekynute HBr e no-mambk oT 1031 Ha HCI npu efiHO 1 cbLuo
NPOLIEHTHO CbbpkaHWe Ha xanoreHa. C ToBa ce obscHsBa
(haKkTa, Ye CbC CPABHUTENHO HWUCKW CHABPXKAHWS HA XamnoreH,
ce noctura onpegeneH Joobp edekT, KOETO € 0COOEHO CUIHO
u3paseHo npyu cuetasute 1.2, 6.1 1 2.2, 5.1 B Tabnuuata.

[pyroTo obsicHeHne ce 6a3npa Ha CTpykTypaTa Ha camuTe
XamnoreHChAbpXKalyy NonMMepn Unu onuromepu. B nanonasa-
Hus nonmep Cl e cBbp3aH C BbIMepoAeH atoM Ha anudatHu
Monekynu, [okato Br e cBbp3aH C BbrMepogeH atom OT
apomatHo s4po. V13BeCTHO €, Ye AbmkMHaTa Ha Bpb3kata C-X
B MbpBWs Cryyan € mo-gbnra, cneposatenHo atom Cl no-
necHo Le ce otaenu u obpasysa HCl. O6paTHo - BpbakaTa C-
Br B BEO e no-kbca 1 Br atom Le ce oTaenst no-TpyaHo, kato
HBr, npu egHu 1 CbLum ycnosus.

V13napeHneTo Ha pa3TBOPUTENS CbLUO BNMUSE BbPXY Camo3a-
racalluTe CBOWCTBA — BMX CbCTaBu 5.1 u 6.1 BTanpuaata.
OuyeBMaHO €, Ye OTAEMNEHOTO KOMUYECTBO Pa3TBOPUTENM MpK
Te3W CbCTaBM € no-ronsMo. [laHHuTe Noka3gar, Ye ropumocTTa
Ha MOKPUTWE C MO-HUCKO CbObPXaHWe Ha XaroreH uma
aHanorMyHa CTOWHOCT C nokasaTens Ha ropumoct K Ha
MOKPUTHE, MOSTY4EHO OT CbCTaBU, KOUTO CE& XapakTepuampar ¢
no-masnka CKOpoCT Ha U3napeHue Ha pasTBopuTenuTe.

Moxe ga ce npegnonara, Y€ Buaa Ha ropUMOCTTA Ha MOKPK-
TMe oT Eb+nonumep 3aBuCK OT KOHLEHTPaLMsTa, eHeprusiTa
Ha paskbcBaHe Ha Bpb3kuTe X-X, H-X, C-X, nAbTHOCT Ha
rasoBeTe WnM napute, TemnepaTtypara Ha u3napeHue 1 apyru
no-manko 3Hauumu daktopu. C HamansiBaHe eHeprusita Ha
CBbp3BaHe B XarloreHOBOAOPOAMUTE HapacTBa MITbTHOCTTA Ha
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napute. ToBa yBenW4aBa KOHLEHTPaUWSTa Ha Heropummure
rasoBe BbpXY MOBLPXHOCTTA Ha (huriMa, KOeTO 3anoyBa oLue B
HayanHWsi eTan OT 3anarnBaHeTO M BOAM [0 HamansiBaHe
BEPOSITHOCTTA 33 Bb3NIaMEHsIBAaHETO My.

Bb3MOXHO € B Ha4anoTo AeCTpykuumsTa Aa ce uHxmbupa n ot
aKTMBHWTE LIEHTPOBe, CNOCOBHM [a ompexsat. [ipyrv LieHTpo-
Be MoraT Aa NpensaTcTBaT B3aMMOLEMCTBUETO Ha aKTUBHUTE
pagukanu C MakpoMOMeKynuTe Ha MMPOKCWIMHA WM C
NPOAYKTUTE OT OECTPYKUMS, KaTo Ce HamansBa KOHLEHTpa-
unATa Ha ropswm rasoBe. OMpexBaHeTO Ha MOKpUTMATA
(cbctaBn 1.3 M 2.3) ABHO 3aTpypHsBa W3NAPEHUETO Ha
pa3TBOpUTENMTE, a TO JOBEXA A0 HamansBaHe eqeKTUBHO-
CTTa Ha u3bpanute nonumepu. lNpn Te3n CbCTaBu ChAbpka-
HMETO Ha Br e aHanoryHo, HO CbCTaBa C BTBbPAMTEN €
camo3aracsaL, a 6e3 BTBbpAUTEN € TPYAHOropuM.

MomnyyeHnTe pesynTaTM KoOpenupaT C [AaHHuTe OT
Radhakrishnan G. (1992), Ho Tam ca u3non3BaHu cmMecu OT
HUTPOLENYN03a ¢ Apyrv nonumepu. FopHUTE U3CneaBaHus ca
OLLie e[1HO [10KA3aTENCTBO, Y€ C MOMOLLTA Ha MONMMEpPH MOXe
[Aa Ce perynupa xenaHata 6esonacHa ropumocT Ha B3pUBHUTE
KOMMO3nLmu.

Mpn cmecBaHe Ha EB ¢ HekpucTanuampaly nonumep npu
cboTHoweHne 1:1 B pastBoputen LX ce Habniopasa
HepaBHOMepHa amopdu3aLMs Ha NONyYeHUTe OT TAX UMM
(Gowr. 1).

OT MUKPOCKONCKUTE CHUMKM CE YCTaHOBSBA pasnmuka Mexay
HagMOneKynHuTe CTPYKTYpu nonydenn ot EB+MNXB (dur.1a) u
EB+MNBX (cpur.16).

B cnefcteue Ha amopdusaumsta Ha dunma ot EB, nog
Bb3geicTBne Ha [IXB ce peructpupat HagMonekymnHu
ctpyktypn ¢ ronemuHa 10 pm. [llpu cmecta EB+BX
HagMmonekynHute — obpasyBaHus ca  OwWwe  NO-CUMHO
amopuranpaHm.



(x 560)
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Queypa 1. Mukpockoncku CHUMKU Ha ¢humu om u3credsaHume cmecu
Ounmute ot cmecute EB+E[O (dur.18) n EB+MNBB (pur.1r) umat usobpaxeHust ¢ HenpaBunHM OpMM W MOKa3BaT CUMHO
HepaBHOMEpHO amopdu3npaHe Ha uaxopHus EB. AmopduanpaHute obnactu ca OBKpBXMNM KpuUCTamHuTe CTpyKTypu. B Team
obnacT MakpOMONeKynuTe MMaT MOBULLIEHA NOABUKHOCT, @ KpUCTanHuTe 06pasyBaHUs MMaT No-Manbk 06em.
Bbpxy MUKPOCKONCKMTE CHUMKU He Ce 3abensiaBa pascrnosiBaHe, KOETO e [0Ka3aTeNCTBO 3a TEPMOAMHAMUYHATA CbBMECTUMYCT Ha
EB c u3cnegsaHuTe nonvMepu, Cbnonmmepy 1 OnMromMepu.

3AKMIOYEHNE

AHanu3bT Ha nonyyeHnTe pesyrTaTii oT onpeaensHe nokasatens Ha ropumoct K, [ICK 1 MukpockonckuTe HabmiofeHUs NokasBar,
ye GesonacHaTa ropuMoCT Ha B3PUBHUTE CMeCK 0T BapyTy 1 MoNMMepy MOXe Aa ce YNpaBnsiBa eheKTUBHO.
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Toan u3sog ot npoeefeHnTe Tpacupalln ekCnepuMeHT Aoka3Ba Bb3MOXHOCTTA 3a NPOMULLNEHO MO,ELI/I(*)I/ILU/IpaHe Ha ropumocTTa
Ha npoussexaaHute B CTpaHata €AHOOCHOBHMU GapyTM 33 YCMNeLWwHOTO UM NPaKTU4ECKO NPUNOXeHne B Apyrin HEBOEHHU obnactu,
BKMKOYUTENHO B MUHUTE N Kapuepute 1 TO Npu noBuLLEHa 6e30nacHOCT Ha TPHCNOPTa, CbXpaHABaAHETO U ynorpe6aTa um. FoToBumaT
MHOYCTPUaneH npoaykT Moxe Aa 61:}16 nnactu4yeH Unm TBbPA, B 3aBMCMMOCT OT TEXHOIOMNATA B KOATO Ce npunara.
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Mixtures of single-base propellant with chlorine and bromine-containing polymers in different ratios, applied in mines and quarries abroad, were investigated. The
exo-effects: maximum temperature of the peak, quantity of released heat and loss of mass were determined by a differential scanning calorimetry, after a standard
aging of 120 and 240 hours under conditions imitating the sunshine. Combustibility of mixtures was analyzed according to a standardized factor of combustibility (K),
Mixtures were subdivided into four groups depending on their values: easily combustible, combustible, self-extinguishing and non-combustible. Effective action of
selected compounds depended on speed of formation of combustion retardants, which depended on temperature of thermal destruction. That was the reason for
mixing propellants with polymers, whose initial temperature of destruction had been lower than the temperature individual combustion of propellant. Thus effective

combustion retardant was created in the initial stage of mixture heating.

Controllable fuel characteristics of recipes improve the safety of transport, storage and use of offered materials.

INTRODUCTION

Explosion transformation of propellant represents
combustion with a maximum liberation of gas and minimum
release of solid refuse. Propellant is continuously more often
applied into mixtures with other explosives or additive as a new
high-power source for mines and quarries. Raw material is
easily achieved due to the excess and liberation from its main
designation - in military arms and equipment.

Adding of polymers for regulating the combustibility of
explosives is applied in different fields as pocket-building
Kitano Y. (1997), pyrotechnics - Fire Retardant system(1996),
processing of polymers - Wang Xu (1996).

Objective of the report, which is a continuation of the
investigation of Ganev R., Glavchev I. (2002), is to characterize
the safe combustibility of explosive mixtures of propellant and
halogen-containing polymers, co-polymers and oligomers for
mines and quarries.

EXPERIMENTAL

Subject of investigation are mixtures of single-base
propellant (SBP) of Arsenal, Bulgaria with chlorine and
bromine-containing polymers:

. Brominated epoxy oligomer (EOB),

" Vinyl chloride/Vinyl acetate (VC/VA),
" Epoxide oligomer of bisphenol (D600),
. Chlorinated rubber (CR),

" perchlorinevinyl (PCV),

" chlorinated paraffin (CP),

= mixed with the dillutors of acetone and cycloxexanone in
the ratio of 1:1.

Mixture is coated over sheets of twice pickled steel of 120 x
90 mm size as films 20um thick.

The factor of combustibility (K) is specified as a ratio of time
for individual combustion of test samples to time for moving
front of combustion to certain position of the test body
Bulgarian State Standard SS 10457-(1998).

RESULTS AND DISCUSSION

Preliminary experiments revealed that not all the halogen-
containing polymers posses the properties of effective
additives for quarantining the safe combustibility of mixtures.
Availability of enough chlorine and bromine is a required
precondition. Bromine-containing epoxide compounds are
more effective, and therefore the Br quantity in mixtures may
be lower for achieving the required category of combustibility.
Chlorine-containing polymers are less effective but cheaper
and more widely applied.

The requirement for more effective action of CI- or Br-
containing polymers is determined by the speed of formation of
combustion retardants, which depends on the temperature of
polymer destruction. That was the reason for mixing single-
base propellant SBP with polymers of initial temperature of
destruction lower than the destruction temperature of single-
base propellant SBP. Thus effective retardants of combustion
are created in the beginning of heating.

Content of dry substance in the mixtures effects not only the
mechanism and the speed of evaporation of solvents, but oalso
on the kinetics of combustion transformation. Percent content
of halogen and dry residue of mixtures of single-base
propellant (SBP) with bromine and chlorine-containing
polymers .is calculated. Mixtures consist of two or three

FOANLIHNK Ha MurHo-2eonoxkus yHusepcumem “Ce. Mean Puncku”, mom 44-45 (2002), ceumsk Il JOBUB U TIPEPABOTKA HA MUHEPAJIHU CYPOBUHN
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components, and one of the pairs uses polyisocianate as a
hardening agent. (table 1).

Table 1. Determination of the factor of combustibility K of coatings of coatings of single-base propellant SBP with polymers, co-

polymers and oligomers

Test Composition of mixture Ratio Dry substance | Content of halogen | Factor of combustibility
Ne [%] [%] [%] K
1.1 80:20 13 Br 1,08 combustible
1.2 SBP + EOB 60 :40 13 Br 2,16 self-extinguishing
1.3 40: 60 13 Br 3,24 high-flammability point
21 80:20 13 Br 1,06 combustible
2.2 60 :40 13 Br 2,10 self-extinguishin
g3 | SBP*EOB*hardener 40 - 60 13 Br 312 self-extinguishing
24 20:80 13 Br 4,25 high-flammability point
3.1 SBP + EOB + D600 20:40:40 25 Br 4,16 self-extinguishing
41 20:80:10 25 Cl 1,71 self-extinguishing
4.2 SBP + D600 + CP 20:80:20 25 Cl 3,20 self-extinguishing
4.3 20:80:30 25 Cl 433 high-flammability point
5.1 20:80:12 25 Cl 1,96 self-extinguishing
5.2 SBP + D600 + PCV 20:80:18 25 Cl 2,78 high-flammability point
6.1 20:80:20 25 Cl 1,67 self-extinguishing
6.2 SBP + D600 + CR 20:80:40 25 Cl 2,87 high-flammability point

* The hardener used was toluene 2,4- diisocyanate (

Data in table 1 show that with the increase of halogen the
concentration resistance against combustion rises also.
Halogen-containing polymers decompose themselves and form
halogens, halogen-hydrogen or halogen carbon-hydrogens,
which expose their protecting effect in the gaseous phase
mainly.

Due to the higher atomic mass of Br, the number of HBr
molecules is lower than the number of HCI molecules for equal
percent content of halogen. This explains the fact that
comparatively low contents of halogen achieve a certain good
effect, which is evidently shown for mixtures 1.2, 6.1 and 2.2,
5.1.

The other explanation is based on the structure of halogen-
containing polymers or oligomers. Chlorine in the polymer is
bound to a carbon atom of aliphatic molecule, while Bromine is
bound to a carbon atom of aromatic core. It is known that the
length of C-X bound in the first case is longer, therefore an
atom Cl will easily separate and form HCI. On the contrary, the
C-Br bound in EOB is shorter and atom of Bromine will
separate with more difficulty as HBr, under same conditions.

Evaporation of solvent also effects on properties of
spontaneous extinguishing — see mixtures 5.1 and 6.1 in the
table. Evidently, the liberated quantity of solvents is higher for
these mixtures. Data reveal that the combustibility of coating
with lower content of halogen has a value analogous to the
factor of combustibility K of coating, obtained from mixtures,
characterized with lower speed of evaporation of solvents.

It might be suggested that type of combustibility of coating of
single-base propellant SBP+polymer depends on the
concentration, energy of tearing of X-X, H-X, C-X bonds,

density of gases or vapours, temperature of evaporation and
other less important factors. With the decrease of energy of
binding in halogen-hydrogen, the density of vapours increases.
This increases the concentration of non-combustible gases of
the film surface, which starts in the initial stage of combustion
and brings to reduction of the probability of firing.

Inhibiting from active centres, able to form meshes in the
beginning of destruction is possible. Other centres may impede
the interaction between active radicals and macromolecules of
pyroxiline or products of destruction, thus reducing the
concentration of combustion gases. Meshing of coatings
(mixtures 1.3 and 2.3) evidently makes difficult the evaporation
of solvents, and this brings to reduction of the efficiency of
selected polymers. For those mixtures, content of bromine is
analogous, but mixture with hardening agent is spontaneously
extinguishing, and without hardening agent is low combustible.

Results correlate to the data of Radhakrishnan G. (1992), but
mixture of nitrocellulose with other polymers are used there.
The above investigations are one more proof that polymers
may be used to regulate the required safe combustibility of
explosive compositions.

When single-base propellant SBP is mixed with a non-
crystallizing polymer in a 1:1 ratio in CX as a solvent, even an
amorphizing of films is not observed. (Fig. 1).

The microscopic photoes reveal the difference between over-
molecule structures obtained from SBP+PCV (Fig.1a) and
SBP+MBX (Fig.16).

Over-molecule structures of 10 um size are registered due to
the amorphizing of fim of single-base propellant under the
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action of PCV .For the mixture of SBP+PCB over-molecule
formations are even heavilty amorphized.

(x 560)

a) SBP+PCV

(x 560)

b) (EL{+ PCV)

(x 560)

¢) SBP + D600
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(x 560)

d) SBP+ PVB

Figure 1. Microscopic photoes of films of the analyzed mixtures

Films of mixtures SBP+D600 (fig.18) and SBP+PVB (fig.1r)
have images of irregular shapes and show even an
amorphizing of initial SBP. Amorphied fields surround the
crystal structures. In those fields the macromolecules show
increased movability, and crystal formations show lower
volume.

There is no layering in the microscopic photoes, which is a
proof for the thermodynamic compatibility of SBP with analyzed
polymers, co-polymers and oligomers.

CONCLUSION

Analysis of results from determining the factor of
combustibility K, from differential-scanning calorimetry and
microscopic observations revealed that safe combustibility of
explosive mixtures of propellant and polymers may be
controlled effectively.

This conclusion proved the possibility for industrial
modification of combustibility of produced single-base
propellant for successful practical application into other non-
military sectors, mine and quarries including. Improved safety

Recommended for publication by Department of
Mine Ventilation and Occupational Safety, Faculty of Mining Technology

of transport, storage and use will be a fact. The manufactured
industrial product plastic or solid, depends on the requirements
of technology, where it will be applied.
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[Mpenopbyana 3a nybnukysaHe om
kamedpa “PydHu4yHa 8eHmunayus u mexHuyecka besonacHocm” Ha MT®
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