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B3pbIBOONACHOCTb a3POB3BECU CYXOU MOAOUYHOMU CbIBOPOTKU

Hukonau AbBoBUY NoneTaeB ™=

Bcepoccuiickuii opaeHa «3Hak Moyeta» Hay4YHO-UCCAEAOBATEABCKUIM MHCTUTYT MPOTMBONOXAaPHOM 060pOHbI MUHKCTepcTBa Poccuiickon
depepaumm No Aenam rpaxAaHCKon 060POHbI, UPe3BblYaNHbIM CUTYaLMSIM U AMKBUAGLMU MOCAEACTBUI CTUXMIMHBIX 6EACTBUN,
MockoBckas 06A., . Banawuxa, Poccus

AHHOTALMUA

BBepeHue. B HopmaTWBHOM AUTEpATYpPE MHOMMX CTPaH NMPUHATO OTHOCUTb GPaKLMIO rOproYer NbiAv C pa3mMepom
yactu, 6oree 500 MKM K AUCTIEPCHBIM MaTepuanaM, HEB3PbIBOOMNACHbLIM B COCTOAHMW a3poB3Becu. MpeacTas-
ASIET UHTEPEC U3yUYeHUE B3PbIBOOMACHOCTU a3pPOB3BECEMN, KOTOPbIE HE MOAUYMHAIOTCA AQHHOMY npaBuAy. B vact-
HOCTM, M3BECTHA B3PbIBOOMACHOCTb 06Pa3LIOB CyxOo MOAOYHOW CbIBOPOTKM (AAAEE — CbIBOPOTKU) CO CPEAHUM
pa3mepom yactui, 41, 162 1 750 MKM, BbiIBAEHHAs UCMbITaHUAMU B kKamepe obbemom 1 M2, MocTaBAeHa 3apaua
OnpeAeAuTb MaKCUMaAbHbIM pa3aMep YacTuL, B3pbIBOONACHOW GpaKLMu CbIBOPOTKK dg, C MOMOLLBIO paHee pas-
paboTaHHOM NpoLeAypbl U MPOAEMOHCTPUPOBATHL HapyLLEHWE YNOMSHYTOrO Bbille NpaBuAa.

MeToa 06paboTkU IKCNEePUMEHTaAbHbIX AAHHBIX. A YNOMSAHYTBIX Tpex 06pa3LoB ChIBOPOTKM C U3BECTHLIMMU
3HaUeHWAMMU BEAHOro KOHLEHTPALMOHHOIO npeapera B3pbiBaemoctu (HKMP; = 250 r/m3, HKMP, = 250 r/m3
1 HKIMP3 = 500 r/m3) NocTpoeHbl HenpepbiBHbIE GYHKLMKU F pacnpeaenreHus vacTul, no pasmepam d. MoAyuyeHHble
dYyHKUMKU F4(d), Fo(d) n F3(d) cOOTBETCTBEHHO NPEACTaBAAAUCH pacnpesereHnsamun PosnHa - Pammaepa, 3anoAHsa-
HOLLMMU MPOMEXYTKU MEXAY AUCKPETHBIMU AGHHBIMU CUTOBOIO aHaAn3a 06pa3LoB.

OueHka d.,. Crepyn nssectHol npoueaype (Monetaes, 2014), ucnoAb3oBaAu MHOGOPMAaLMIO O NEPBOM U TPETbEM
obpasuax cbiIBOPOTKU. Haxoanan 3HaueHus dg, u3 ypaBHeHus Fi(d.)/Fs(d.) = HKIMP3s/HKIMP,. PeweHune ypaBHe-
HUA paeT dg, = 750 MKM.

06¢cyxaeHUe pe3ynstaTtoB. [oAyyeHHas oueHka dy, HaMHOro NpeBbIAeT NpeAeAbHOe 3HayeHWe napameTtpa,
npeanaraeMoe B Hopmax. AaHHas oueHKa HOCUT OObEKTUBHbLIN XapakTep U He MOXET O6BbACHATLCA U3BECTHLIM
M3 MPAKTMKU M3MEABUYEHUEM KPYMHbIX YaCTUL, B MPOLECCE pacnbiAeHUA. B MOAb3y NMOCAEAHErO YTBEPXAEHUS
CBUAETEALCTBYET XapaKTepHOoe CHUXEHWE MHAEKCa B3PbIBOOMACHOCTU CbIBOPOTKU C POCTOM CPEAHEro pasmepa
4yacTuL, PpacCMOTPEHHbIX TPex 06pa3LoB.

BbiBOAbI. MakcMManbHbIN pa3Mep YacTuL, B3pbIBOONACHOW $GpaKLmK CbIBOPOTKU COCTABAAET BEAUUYMHY NOPSIAKA
750 MKMm.

KAtoueBble cAOBa: NMOPOLLOK CbiIBOPOTKM; KPYNHOAMCNEPCHAS MblAb; B3PbIB NblAK; 1-M3 Kamepa; B3pbliBOONacHas
dpakuma

AnA uuTMpoBaHuA: lNonetaeB H./\. B3pblBOONACHOCTb a3pOB3BECU CYXOWM MOAOYHOWM CbIBOPOTKM // ToXapoB3pbIBO-
6e3onacHocTb/Fire and Explosion Safety. 2023. T. 32. Ne 1. C. 51-56. DOI: 10.22227,/0869-7493.2023.32.01.51-56
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Explosion hazard of whey powder mixed with air
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ABSTRACT

Introduction. In many countries, regulations consider combustible dust with a particle size of more than 500 ym
as dispersed material non-explosive if mixed with air. The explosiveness of mixtures of air and some substance
arouses researchers’ interest. In particular, the explosiveness of whey powder specimens (hereinafter referred
to as whey powder) with an average particle size of 41, 162 and 750 um, was identified in the process of their
testing in a 1 m®chamber. The task is to find out the maximum particle size of whey powder d, using the earlier
developed procedure and to demonstrate its failure to conform to the rule specified above.

Method to process experimental data. Continuous functions F of particle size distribution d were constructed for three
whey powder specimens having the following values of the lower explosive limit (LEL; = 250 g/m?3, LEL, = 250 g/m?
and LELz = 500 g/m?, respectively). Resulting functions F;(d), F»(d) and F5(d) were presented using Rosin - Rammler
distributions that filled the gaps between the discrete data obtained as a result of the sieve analysis.
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d,, evaluation. We used information about the first and third whey powder specimens in compliance with the well-
known procedure (Poletaev, 2014). d., values were identified using equation F(d,,)/F3(d.) = LELs/LEL4. Having
solved the equation, we found that d,, = 750 pm.

Discussion. The obtained evaluation of d;, is much higher than the limit value of the parameter proposed in
the regulations. This evaluation is of objective origin, and it cannot be explained by the grinding of large particles
during the spraying process. The latter statement is supported by a characteristic decrease in the explosibility
index of whey powder and an increase in the average particle size (for explosive fractions) of the three specimens

in question.

Conclusions. The maximum particle size of the explosive whey fraction is about 750 um.

Keywords: whey powder; coarse dust; dust explosion; 1 m® chamber; explosive fraction

For citation: Poletaev N.L. Explosion hazard of whey powder mixed with air. Pozharovzryvobezopasnost/Fire and
Explosion Safety. 2023; 32(1):51-56. DOI: 10.22227/0869-7493.2023.32.01.51-56 (rus).
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BBepeHue

H3BecTHO, YTO TPOSIBICHUE B3PHIBOOIIACHOCTH MEJKO-
AUCHCPCHBIM TOPIOYUM MATEpUaJIOM B COCTOAHUU
a’pOB3BECH BO3MOXHO JIHIIb MPH JOCTATOYHO MAaJIOM
pa3smepe dactuil 3Toro marepuana [1, 2]. JJannoe
00CTOSITENbCTBO YUUTHIBACTCSI B HOPMATUBHOM JHTE-
parype Kananpr', Poccun?, CIIIA* * 1 MHOTHX IpyTrux
CTpaH B BHJE IIPaBUJIa, COITACHO KOTOPOMY JOIyCKa-
€TCs OTHOCUTH (DpaKLIMIO TOPIOYEH MBUIH C Pa3MepoM
gactull 6onee 500 MKM K IUCIIEPCHBIM MaTepHaiaM,
HEB3PBIBOOIIACHBIM B COCTOSIHUM a3poB3BecH. JleicTBU-
TENFHO, MHOTHE UCCIIECIOBAHMUS [TOKA3aJIH, YTO TOPIOUHE
MBUTA MOTYT OBITH B3PBIBOOE30IMACHHI YK€ C pa3Mepa,
npesbimatomniero 30...100 mxm [3-7].

B To xe Bpems mpejicTaBiseT MHTEpEC U3ydeHUe
B3PBIBOONIACHOCTHU a3pOB3BECEH, KOTOpPBIEC HE MOTUMHS-
I0TCA yKa3aHHOMY TpaBwiy. B gacTHOCTH, M3BEeCTHA
B3PBIBOOIIACHOCTH (hpaKIii 00pa3LoB CyX0il MOIOYHON
CBIBOPOTKH (J1aJiee — CHIBOPOTKH) CO CPEIHUM pa3Me-
pom vactui 41, 162 u 750 MKM, BbISIBJICHHAs! UCIIBITA-
HIsIMU B Kamepe oobemom 1 M. TlocTaBneHa 3agada
OTIPENIETTNTh MaKCHUMAJIBHBIN pa3Mep 4acTHUI] B3PHIBO-
OmnacHOU (pakuu CHIBOPOTKHU d,., C IOMOIIBIO paHee
paspaboTaHHoOM TIporenypsl [3, 8] U MpoaeMOHCTPUPO-
BaTb HApyIIEHUE YIIOMSHYTOI'O BBILIE PABHUIIA.

Bo u3bexaHue HemopasyMeHUA, CBSI3aHHBIX C pa3HO-
obpasuem GopM yacTull, IpennoNaraeTcs, 4To paccMar-
pUBaeMBbIC 3l€Ch U Jaliee TUCIEPCHBIE MaTepUalbl
COCTOSIT M3 YaCTHII, KOTOPHIE MOJKHO XapaKTepPH30BaTh
€IMHCTBEHHBIM Ta0apUTHBIM pa3MmepoM. Jlomycka-
eTCsl, YTO MPHUONMKEHHBIA XapaKTep TAaKOro MOAXO/a
HE OKaXKCT CYHICCTBECHHOI'O BIIMAHWS HA PE3YJIbTAThI JaH-
HOT'O UCCIIeIOBAaHMUS.

! CSA C22.1-2021. The Canadian Electrical Code (CE Code): 2021.

2 TOCT ISO/IEC 80079-20-2-2017. B3pbIBOOMACHBIE CPEIIbL.
Yactp 20-2. XapakTepHCTHKH MarepuaioB. MeToibl HCIBITaHUI
TOpIOYEH MBLIH.

3 NFPA 499 (2021). Recommended Practice for the Classification
of Combustible Dusts and of Hazardous (Classified) Locations for
Electrical Installations in Chemical Process Areas. Current Edition:
2021.

4+ NFPA 70. National Electrical Code, Current Edition: 2020.

MeToa 06paboTKH 3KCNEPUMEHTAAbHbIX AQHHbIX

Ucnonp3oBanne nponenypsl [3] mpenmnonaraer
HaJU9He HE MEHEe NBYX IMOIHAHNCIEPCHBIX 00pa3-
LIOB HCCIIEAYEMOH MbUIH C CYLIECTBEHHO OTIUYHBIMU
pacrmpeneneHusIMH 4acTull 1o pasmepam F(d) u pas-
nuynbiMu 3HadeHussMu HKIIP. [Tox F(d) nonumaetcs
MaccoBasi IOJIs YacTHII, IMEIOIINX pa3Mep MeHee d.

Cornacuo [9], anda ynoMsHYTBHIX BbILIE Tpex
MOJUIUCIIEPCHBIX 00pa3[0OB CHIBOPOTKU HMMEIOTCS
W3BECTHBIC JIaHHBIC JUCKPETHOT'O CUTOBOTO aHAJH-
3a W [OKa3aTesH B3pbiBa B 1-M® kaMmepe, KOTOphIC
npeacTaBieHbl B Tabn. 1 U 2 COOTBETCTBEHHO, Te
dsy) — MeJauaHHBIH pa3Mep YacTHIIbI, OMpees-
eMbIil yenoBueM F(dsg) = 0,5; Ppax — MaKCUMallbHOE
napieHue B3pbiBa, Klla; (dP/dt) ., — MaKcCHMalb-
Has CKOPOCTh HapacTaHUs NaBICHUS B3pHIBa, 0ap/c;
1 6ap = 100 xIIa.

Ta6auna 1. {annsie, % Macc., CHTOBOTO aHaiIH3a 00Pa3oB
CBIBOPOTKH [9]
Table 1. Data, wt %, on the sieve analysis of whey powder
specimens [9]
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Table 2. Explosion parameters of whey powder specimens
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[ockonwky 3nauenust HKIIP nepBoix AByx oOpas-
LIOB COBIAIAIOT, AJIs1 OUEHKH d., OyAeT UCTIONb30BaThCA
TOJIBKO OJUH U3 3TUX 00Pa3L0B COBMECTHO C TPETHHUM.
Juyist ompeneeHHOCTH 3T0 OyIyT NMEPBBIA M TPETHIMA
oOpasnsl. Kak yBHIUM W3 JaNbHEUIIET0 U3JIO0KCHUS,
pe3yabTaT OLEHKU d,., OCTaHETCS HEM3MEHHBIM, €ClIU
B YNOMSHYTOH mape MpOU3BECTH 3aMEHY IEePBOTO
oOpas1a Ha BTOPOIA.

Heo0xoamMere Is TOCIIEAYIOMETO aHAIN3a HeTpe-
pHIBHBIE (YHKIUU paclpeaeIeHns YacTULl 00pa3IoB
10 pazMepaM MOJAETHPOBAIHCEH CICAYIOMNM 00pa3oM.
Oyukusa F(d) Ha oTpe3Kke ocH d MEKIy COCeTHUMHU
aprymMeHTaMH, Ul KOTOPBIX BeJIWYMHA F M3BeCcTHa
[0 pe3y/ibTaTaM CUTOBOIO aHalIu3a, MPercTaBIlgeTCs
pacmnpenenenriem Pozuna — Pammiepa [10]:

Fd)=1-[1-Fd)),
e B = (d/d))%

G, — KpyTu3Ha QyHKINH paclpeaeIeHus;

Ln(Ln [1 —F(d, )]j
- _ Ln[l —F(d)] )
o Ln (d,/d, )

bl

F(d,), F(d,) — u3BecTHbIE 3Ha4eHUS (PYHKLIUH pac-
npeaeneHus Ha KOHLAX paccMaTpUBaeMoOro OTpe3Ka
diynd;
WHJAEKC k IpUHUMAaeT 3HadyeHue ot 1 1o 4, oTBeya-
olllee MOPSAIKOBOMY HOMEpPY paccMaTpUBaeMOro
OTpe3Ka OCU d B CIEOyIOIleM IepeyHe OTpe3-
koB: ot 20 mo 32 mkM, ot 32 mo 71 mxwm, ot 71
1o 125 mxm, ot 125 10 500 MKM.
B 1ab6n. 3 npuBozasTca 3HaueHus napamerpa Gy.
[Momy4ennple KyCOYHO-TIAAKUE U HEMPEPLIBHBIC
(dbyHKIIMU pacnpenenenus F, F, u F3 npeacTaBICHBI
Ha PHCYHKE.

OueHka d.,

CornacHO moCTpoeHuto mpoueayps [3], omeHka
rnapamerpa d,, KCTIONb3yeT CIEAYIOIINE TPU TPEATIOIO-
JKEHUS O 3aKOHOMEPHOCTSIX TOPEHWUS MBUTH 3aIaHHOTO
xumudeckoro cocraBa. HKITP nonuaucnepcHo# meum
00paTHO TIPOTMOPITMOHAJICH TIOJTHOTE BBITOPAHUS BTN
BOmm3n HKIIP [11]. 3aBHCHMOCTD TIOJTHOTHI BEITOPAHHS

Taommua 3. Pesysbrarel 00pab0TKU HaHHBIX Ta0. 1

Table 3. Table 1 data processing results

Homep o6pazua G
specimenNo- T k= | k=3 k=4
1 2,403 | 1,395 - -
2 - - 1,489 -
- — 1,30412 | 0,77541
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Oynkuun pacnpenenenus Fy (1), £, (2) n F3 (3) 4acTun ceiBo-
poTKH 10 pasMepam d u oTHolieHue RF = F1/F; (4). XKupHoit
TOUYKOI Ha KpHuBOH 4 oTMedeH ciydait RF = HKIIP;/HKIIP, =2,
KOTOPBIiA oTBevaeT d.,. = 750 Mkm

Functions F (1), F> (2) and F3 (3) showing whey powder par-
ticles distribution by size d and their ratios RF = F/F; (4).
The bullet point on curve 4 marks the case RFF = LEL3/LEL, =2,
which corresponds to d,. = 750 pm

Z MOHOJUCTIEPCHOH (ppakIiuyl MBIIH OT pa3Mepa YaCTHII
d BOomu3u HKIIP 6au3ka k omHOCTyneH4YaTol (QpyHKIMH
(cM., manpumep, [12]) u MoxeT OBITh MpeaCcTaBICHA
BBUIe: Z=1,eciud<d,; Z=0, ecniu d > d,,.. Ina
onenkrn HKIIP nonuancnepcHoil nblin, paccMarprBa-
eMOil B BUJie CMeCH IbLIEH, MPEeACTaBIAIOLUX MOHO-
IHICTIEPCHBIC (PPAKITIH, MOKHO MCIOIB30BaTh MPABUIIO
Jle Hlarense [12].

B paMkax ucnosb3yeMbIX MPEeAnonoKeHui d,,. Ans
CBIBOPOTKM HaXOIAT U3 F€OMETPUUYECKU HaIJIsAIHOTO
pelIeHus] ypaBHEHUS:

Fy(d.,)/F3(d.,) = HKITP3/HKIIP, = 2.

CortacHo TpeICTaBICHHON Ha PHCYHKE rparyecKoit
UHOPMAINH, UMEEM ISl CBIBOPOTKH d,. = 750 MKM.
K ananoruunomy pesynabraTy IpUBOJUT UCIIOIL30BAHUE
HH()OPMAIIUH O BTOPOM B TPETHEM 00pa3liax CHIBOPOTKHL.

06cy)XaeHue pe3yAbLTaToB

[Monmyuennas onenka d,.. = 750 MKM HaMHOTO Tipe-
BBIILIAET MpelelbHOe 3HAaYeHHE TapaMeTpa, npeaara-
emoe B HopMax (1o 500 mkm). Tem He MEHEE OTMETHM,
YTO B HAyYHOH JIUTEPAType MOKHO BCTPETHTH PE3Yilb-
TaTbl UCCICAOBAHUA NUCIEPCHBIX MaT€pUaJIOB, IJIA
KOTOPBIX 3a()UKCHPOBAHEI ellle OOJBIINE 3HAYCHHUS pac-
cMarpuBaemoro napamerpa [9].

ITpu 3TOM He Bce BhICOKHE 3Ha4eHUS d,,. > 500 MKM
MOATBEPXKAAIOTCSA CPEelCTBaMU OOBEKTUBHOTO KOHT-
poist. OCHOBHOH NMPUYUHON HECOOTBETCTBUS H3MEPSI-
eMbIX U (PaKTHUYECKUX 3HAYCHUH d, ABIACTCS U3MeEIBIe-
HHE TECTUPYEMOro JUCIIEPCHOIO MaTepHuaa B Iporecce
pacIbUIeHHs] BO B3PBIBHOM KaMepe, YTO OTMeYaeTcs
MHOTUMU ucciegoBarensimu [13—19]. Hampumep,

NMOXXAPOB3PbIBOBE3OMACHOCTb/FIRE AND EXPLOSION SAFETY 2023 VOL.32 NO. 1
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B pabore [13] mpu uccieqoBaHUM MOPOIIKA CEPBI
B 20-mHTPOBON KaMepe perucTpupoBalach B3PHIBO-
OMacHOCTh (ppakiuii ceprl ¢ pa3MepoM 4acTHll, TOCTH-
ratomuM 2000 mxM. ABTopb! [13] oTMeTHIn ciaboe
BIIMSTHUE JUCTICPCHOCTH MOPOIIKA CePhl HA BETUYHHY
HKIIP aspos3Becu. BeneacTBue 3Toro BO3HUKIIO NMPEA-
MOJIOKECHHE 00 M3MENBUCHUH KPYIHBIX YaCTHIl CEPBI
B [IPOLIECCE PACIIBUICHHUS MOPOIIKA CePbl BO B3PHIBHOM
Kamepe, KOTOpOe TOATBEPANIOCH MIPSIMBIMU H3MEPEHH-
SIMH TUCTIEPCHOCTH PACIbIJICHHOTO 00pasna (B OTCyT-
CTBHE 3Q)KUTaHUS).

[Ipn mcciaemoBaHWM CHIBOPOTKH B HACTOSIIEH
paboTe MOXKHO MCKIIIOYUTH CYIIECTBEHHOE M3Mebue-
Hue o0pas3ma, HOCKONBKY B OTINYHE OT OMHCAHHOTO
BBIIIE CIIydasi C cepoif HAOMIOMAeTCsl Pe3K0oe CHIDKCHHE
B3pPBIBOOMIACHOCTH a9POB3BECH (CKOPOCTH HapaCTaHUs
JaBieHUS B3pbiBa (dP/dt)y,y) C POCTOM CPEIHETO pa3-
Mepa B3pLIBOONACHOH (paKiuu yacTull dy,. 3HaueHus

HOCIEAHEro MPUBOAATCA B IOCIEAHEM cToa0IE Ta0m. 2.
B omnnume ot cpeaHeMaccoBOro pasMepa YacTHIl ds
BeJMuMHA d., XapaKTepu3yeT CPeIHUI pasMep YacTHIl
B3pBIBOONACHOH (h)paKkIUU MOTUAUCIEPCHOTO MaTepu-
aja ¥, KaK mokasanu pacueTsl [3, 4, 20], B Oonbeit
CTEIIEHU COOTBETCTBYET HUCIIOIIb30BAHUIO B KaueCTBE
cpelHel XapaKTepUCTUKH JUCHepcHOCTU. MeTon ee
onpenenexus npusogured B [20].

BbiBOAbI

PaccMOTpeHbI U3BECTHBIE JAaHHBIE O NUCIIEPCHOM
cocTaBe U OeTHOM Tpejielie B3phIBAEMOCTH TPEX TOJIH-
JIUCTIEPCHBIX 00pa3IoB CYXOH MOJOYHOU CHIBOPOTKH.
JlanHbie 00paboTaHbI COracHO MeToAuKe [3], BBIMTOII-
HEHa OLIEHKa MaKCUMaJIbHOTO pa3Mepa YacTHUIl B3PhIBO-
ONacHOW (DpakIHMH CHIBOPOTKH, KOTOPBIA COCTaBHII
750 MKM.
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