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AKTYanbHOCTb. BEpMUKYIAT v MaTepuasibl Ha ero OCHOBE HaLLJIA LLUMPOKOE NPUMEHEHUS BO MHOTVX C(hepax Xu3HenesTenbHOCTH. Mpo-
MbILLIEHHOCTb, MPUPOL00DYCTPONTBO, 0becreyeHme noxapobe3onacHoCTV 1 T. [ B CBA3M C 3TUM aKTyasibHO peLLeHme 3a4aY, CBS3aH-
HbIX C yCOBEPLLIEHCTBOBAHMEM TEXHOIOMMHYECKIMX MPOLIECCOB 0OXMra BEPMUKYIMTOBLIX KOHLIEHTPATOB M KOHIIOMEPaToB, 0CODEHHO B ac-
EKTE M0y YeHIs BbICOKOKaYECTBEHHOIO BCITYYEHHOTO BEPMUKYITA. B 0cHOBE 0becrieyeHis pecypco3ag(pekTMBHOCTY TEXHONOMMYECKIMX
MpOLIeccoB MOMy4eHNs BCYYEHHOrO BEPMUKYINTA 1EXAT SMeKTpu4eckue MOAYIbHO-CMyCKOBbIe nequ. [103ToMy paccMOTpeHve BOMpo-
COB pa3paboTku HOBbIX KOHCTPYKLMK SNIEKTPUHECKMX MOAYIIbHO-CITYCKOBbIE MeYeri 1 TEXHONOMMNHYECKMX KOMIMIEKCOB Ha UX OCHOBE aKTy -
albHo.

Llenb uccnepgoBarus: pa3paboTka TeXHONOMM4ECKOro KOMeKca A5 nepepaboTku BEPMUKYNTA, M3yHEHME yKa3aHHbIX TeXHomorye-
CKMX IPOLIECCOB U OLeHKa X 3GHPEKTUBHOCTH.

MeTopabl: aHanm3 NCTOYHUKOB MHPOPMaLM B 0611aCTV NCCIEN0BAHNS, CUHTE3 KOHCTDYKTUBHBIX U TEXHOMOMMYECKUX PELLEHNI, napame-
TPMYECKOE M GyHKLMOHATIbHOE OMMCaHME, MPOBEAEHME IKCIEPUMEHTAITbHbIX PAbOT.

Pe3ynbTatbl. Pa3paboTaH TEXHONOMMHYECKII KOMIIEKC A5 NEpepaboTKu BEPMUKYINTOBLIX KOHLEHTPATOB 1 KOHITIOMEPATOB C y4eTOM
Tpeb0oBaHMI SKOHOMUM 3IEKTPOIHEPT M, MOBbILIEHMS Ka4eCTBa BCIyYEeHHOro BEPMUKYINTA 1 BTOPUYHBIX LieleBbIX MPoAyKTos. B xoae
paboThbl ycoBepLLeHCTBOBaHa MOAYIIbHO-CYCKOBas Medb, MO3BONAOLAA SKOHOMMTL [0 15 % 371eKTPOIHEPr M NPy TOV Xe Mpon3Boan-
TeNbHOCTY. [JOKa3aHo, YTO NPEeaIOXeHHas CMCTeMa OXNIaXAeH s 0becreqvBaeT MoBbiLLEeHNEe MPOYHOCTY BCIyYeHHbIX 3epeH Ha 19,1 %,
yBenmyeHe noqtv 4o 90 % BbiAeneHNs BTOPUYHBIX LIENEBbIX MPOAYKTOB. 3HaYMTENIbHO MOBbILLGETCA [T1aBHbIVN 0Ka3aTesb KavyecTBa —
CHVXEeHWe HaCbIMHOV MAOTHOCTV OCHOBHOIO LieIeBOro MPOAYKTa 3@ CHET BbIBEAEHUS BTOPUYHBIX NPOAYKTOB Y MHEPTHOIO Matepuana.
CaenaH nporHo3 passutys paboT B acrekTe pa3paboTky HOBOW M1EKTPUHECKON ey C NOABUXHON MOA0BOM naaTtgopmo, obnagato-
LUEV YAeTbHOW SHEProeMKOCTbI0 0OXura BepMyKymTa okono 81,6 MAX /M.

Knro4eBble cnoBa:

TexHomorn4ecknyi KOMneKc, 3NeKTpu4eckas Moay IbHO-CryCKOBAs MeYb, HeINEKTPUYECKMIA «HYIeBOW» MOAY/b,
3KCepruisi, cucTeMa OXNaxaeHus, cuctema OTAeNeHns, MPOYHOCTb BEPMUKYINTA,

BTOPUYHbIE LieneBble NPOAYKTbI, MHEPTHbIV MaTepyas, TemnepatypornpoOBOAHOCTb.

BBepeHune

BenmyuenHBI BEDMUKYJIUT, 0J1ar0faps CBOMM YHIU-
KaJIbHBIM CBOMCTBAM, HAIleJl IIPUMEHEHWEe B PasJIny-
HBIX TIPOMBBOJCTBEHHBIX cepax [1-14], B cBaA3u ¢
yeM PasBUTHUIO TEXHOJIOI M 00pabOTKY BEPMUKYIHATO-
BBIX PY[ yaeasercsa Oosbioe BuuManue [11, 14].

CoBepIIeHCTBOBAHYE DJIEKTPUUECKUX IMeuer I
00;KMTra BeDMUKYJIUTOBBIX KOHIIEHTPATOB ¥ KOHTJIO-
MepaToB U JOMOJHUTENbHBIX CHUCTEM, CIIOCOOCTBYIO-
IMUX TOJYYEHUIO BBHICOKOKAUECTBEHHOTO IIEJIEBOT'O
IPOAYKTAa — BCIYYEHHOTO BEPMUKYJNTA, MPUBEJIO K
PANY TeXHWYECKUX DEIIeHWi, MPUMEeHEHHBIX B pac-
CMaTPUBaEMOM KOMILIEKCe. B ero ocHOBe aieKTpmye-
CKasd MOJYJIbHO-CITYCKOBAfA MeUb C JOIOJHUTEIbHBIM
HE3JIeKTPUYECKNM MOJYJIeM, pPaboTaloIIuM 3a CUeT
9KCEPIUY BEPMUKYJINUTA U COMYTCTBYIOIIET0 NHEPTHO-

4

ro marepuaja. OH BKJIOUYaeT B ce0sI CUCTEMBI OXJIaK-
JIeHUS BCIYYeHHOT0 BEPMUKYJINTA, OT/IEIeHISI HHEPT-
HOTO MaTepuaja M BBIJeNeHNs MeIKO()PAKIIMOHHOTO
BEPMUKYJIUTA, SABJIAIONIET0CA BTOPUYHBIM II€JE€BBIM
TIPOAYKTOM, a TaK:Ke THIIOBBIE DIeMEHThI — OYHKePhI-
ocaguTenn, OYHKEPHI-HAKOIUTEIN, BEHTHISITOPHI 1
BO3JIYXOBOJIBI.

O01T BepMUKYJINTA B PEIKIMe TepMoy/gapa obec-
meurBaeT 00Jblllee BCIYUYMBAHME PA3JeNUBIINXCS
CJI0eB, MOABIAETCA 0OJIbIe KPYIHBIX IIOP, a paboTy
BCIYYMBAHUSA COBEPINAIOT THAPATHAS M MeMKCI0eBas
Bozia. Ho u3 ek TpudyecKux MOIy e OH BEIXOJUT He-
JIOBCIIYUEHHBIM, UTOOBI 3aBEPIIICHIE MIPOLECCA IIPOKC-
XOJITLIIO B JOTIOJHUTENBHOM «HYJIEBOM» MOJIYJIE.

BricTpoe oxjasKIeHNe BEPMUKYIUTA MOBHIIIAET
IIPOYHOCTH €0 3€PeH — BaKHEWITWI 0Ka3aTeab ero
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KAauecTBa, 0COOEHHO B CIyUasSX MCIIOJb30BAHMS MaTe-
puaja B KAuecTBe JIEMKOBECHOI'0 HAIIOJHUTEIA JJIs
JIETKUX CTPOUTENBHBIX U JKAPOCTOMKUX OETOHOB.

Brinenenne MeJIKO()PAKIMOHHOIO BEPMHUKYJINTA,
C OJIHOM CTOPOHBI, CHI?KAET HACBIMHYIO IIJIOTHOCTH OC-
HOBHOT'O I[eJIEBOT0 IIPOAYKTA, a C APYTOM — OH CaM SIB-
JIeTCA IeHHBIM MAaTepUaJoM [JIf IPUTOTOBJIEHUS
JKAPOCTOMKIX KPACOK U MACTUK.

Ilenpio maHHOTO MCCAETOBAHUSA CTAJIa paspaboTKa
KOMILTEKCa JJIA Peaansalldiid TeXHOJOIMUECKUX IMIPo-

11eCCOB IepepaboTKX BEPMUKYJIUTA, X UCCJIeTOBaHLE
1 o1ieHKa d()(DeKTUBHOCTH.

PaboTa TexHonornyeckoro Komnnekca

TexHOJIOTHYECKUI KOMILJIEKC [JIA IepepaboTKu
BEPMUKYJIUTOBLIX KOHIIEHTPATOB U KOHIJIOMEPATOB
(puc. 1) mMeeT B CBOEM COCTaBE HIEKTPUUECKYI0 MO-
IYJIbHO-CIYCKOBYIO II€Ub, HEAJNEKTPUUECKUN «HYJIe-
BO» MOJYJIb, CHCTEMY BBIZEIEHUS MEIKOPPAKIMOH-
HOT'O BEPMUKYJIUTA, OXJAAUTEIh BCIIYIEHHOTO BEPMHU-
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Technological complex for processing vermiculite concentrates and conglomerates
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KyJuTa, OTAEJIUTe]Ih HHEPTHOTO MaTepHania, OyHKe-
PBI-0CATUTEIN U OYHKEPbI-HAKOIUTENN IS IeJeBhIX
IPOAYKTOB ¥ CHCTEMY BEHTIISATOPOB 1 BO3IYXOBOJOB.

B TpexmonyspHON aneKTpUuecKol meun — 1 mpo-
M3BOSUTCS TePMOOOPAOOTKA CHIPhA (MOZYIH O0MKIU-
ra — 2) 4 BblJieJieHre MeIKO(PPaKIOHHOTO BEPMUKY-
JIATA C TIOMOIIbIO CHCTEMBI BO3LYX0BOAOB — 3 1 TPYO-
YaThIX BCackIBaTeel — 4, Yepes KOTOPHIE OH BCACKIBA-
eTCsAd B IMOJIOCTH CIIEI[MATHHOTO «HYJIEBOT0» MOXY-
ag — 5. OKoHUaHNe MPOIECCOB NeruApaTaIluy U BCIY-
YMBAHUSA BEPMUKYJIUTOBLIX 3€DEH OCYINECTBJIAETCS
371eCh JKe — B MOZYJe — 5 Tpy0uaroro Tuia, He IOTpe-
OJIAIOLIET0 AJIEKTPOIHEPIUIO X PAOOTAIOIIETO 38 CUET
HAKOILJIGHHO! B CAMOM BEPMUKYJIUTE U MHEPTHOM Ma-
Tepuaje SKCepruu.

BepMuUKyIUTOBBIM KOHIIEHTPAT WJIM KOHTJIOMEpaT
TIO/IaeTCA B TI€Yh J03aTOPOM — 6 10 JIOTKY — 7 1 mOCTy-
IIaeT B MOLYJIX — 2, COCTOAIIUE U3 OTHEYIOPHBIX OCHO-
BAHUN ¥ TEPMOKDBHIIIEK, 00PasyoIInX 3aMKHYTbIE
mpocrpaHcTBa. Ha ocHOBaHMSX MOJYJIell pasMeIeHsl
HarpeBaTe/d, BHIIOJHEHHBIE UX HUXPOMOBOI JIEHTHI
1 3aKpeILIeHHbIe Ha n30aTopax — 8. ChIpheBoil MaTe-
puaj mepechmaeTcsa ¢ OFHOTO MOAYJSA Ha APYroi u,
II0/IBEPrasch TEILIOBOMY U3JIYUeHUIO, TeTUAPATUPYET
U BCIYYMBAETCS, HO 9T MPOILECCHI B MOAYJIAX, AJIA-
muecd 2,6—2,8 ¢, moJHOCTBIO He 3aBepuiaioTcs. [lo-
TOK MaTepuaja TPOXOIUT uepes «HYJIeBOH» Mo-
oyas — 5 u uepes 1,5-1,7 ¢ mocrymaer B oxJanu-
Tesb — 9 KOpoOUuaToro ceueHms.

Bentunsarop — 10, cHab:keHHbIH apoccemem — 11
BO BCachIBAaWINeM IaTpyOKe, HMOJAeT XOJIOJHBIN BO3-
nyx (~20 °C) ¢ HeOOoIbIINM U3OHITOUHBIM JABJIEHIEM
P, B ranan — 12, a B kanase — 13 BBITAKHON BEHTHU-
aaTop — 14 cucTeMbI BBIIEJIEHNA MENTKO(PAKIIOHHO-
I'0 BepPMUKYJIATA CO3/jaeT PaspsaxKenue P .

ITepenan naBmenuii B kKaHajgax — 13, 12 makcuma-
JIeH 1 00JIbIIasA YacTh BO3AYIITHOTO IIOTOKA M/eT 10 Ka-
Hasy — 13. [Ipu aTom B KaHase — 15 BOBHUKAET MOTOK
BO3yXa HABCTPEUY MAajaioleMy BepMUKYIUTY U
MHEPTHOMY MaTepuajy. BCTpeuHbIid TOTOK OXJIasK1a-
eT BCIyUeHHBIE 3€PHA, OJHOBPEMEHHO OTHEJAeT U
VHOCUT MeNKO(QPAKIIMOHHBIA BEPMUKYIUT 110 TPY0O-
mpoBozy — 16 B OyHKep-ocaguTenb — 17, oxjaaxaas u
OUHMIAsA OCHOBHOW IIEJIEBO MPOAYKT, BHIMAIAIOITUI
BMeCTe ¢ HHEPTHBIM MATePUAIOM B CYKAIOIIUHCS OT-
Bog — 18 mpoxyxTomposoga — 19. CKopocTs BCTPEUHO-
ro IOTOKA B KaHaje — 15 HacTpamBaeTcsa apocce-
gem — 11 Tak, 4T0OBI JayKke caMble MEJKNEe BCIYUeH-
HbIe 3epHA He MOTJIHM ObITh YHECEHBI B OVHKep-0camu-
tesib — 17. B aT0T 2Ke OyHKED, I'/le BO3HUKAET pPasps-
JKeHHe OT paboTalol[ero BHITAKHOTO BEHTHUJIATO-
pa — 14, mocrymaeT BTOPUYHBIH 11€JI€BON TPOAYKT U3
CHUCTEMBI BO3YX0BOZIOB — 3 1 TPyOUaTHIX BcachIBaTe-
nedt — 4 meun — 1 mo Tpybomposozam — 22, 23.

O(h(heKTHBHOCTH OXJIAMKIEHII BEPMUKYINTA B Ka-
Hajie — 15 mem 0GoJbime, ueM 6OJIbIle Tepernaj BhICOT
Me:RIy KaHajgamu — 13, 12 u ueM 6oJbIle CKOPOCTH
BO3yXa: BO-TIEPBHIX, M3-3a Oosee a(h(HeKTUBHOTO 00-
IyBa, a BO-BTOPHIX, M3-3a CHUKEHUSA CKOPOCTH TIajie-
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HHUsA BCIYUEHHBIX 3ePeH M YBeJIUUYEeHUsS BPEMEHU WX
Ipe0BIBAHUA B BOCXOAIIEM IOTOKE B KaHame — 15.

B mmxuHeil wactm oTBoga — 18 pacmoo:keHo
OTBEPCTHE, UePe3 KOTOPOE BHITIAAeT TAKeJIbIi HHePT-
HBIN MaTepma, HO 13-3a PabOTHI BHITSIMKHOTO BEHTH-
naTopa — 20 OyHKepa-ocaguTesIs BCIYUEHHOTO Bep-
MUKyauTa — 21 BEPMUKYJIUT BCACKIBAETCS B IPOAYK-
TOIIPOBO/I, CeUeHNe KOTOPOro MOoJ00paHo TakK, UTOOBI
[T CAMBIX KPYITHBIX YACTHI] CKOPOCTh BUTAHUS ObLIa
MeHBINe CpegHell CKOPOCTH IIOTOKA Bo3myxa. Ilpm
IBUKEHWY BCIYUEHHBIX 3€PEeH B MPOAYKTOIPOBOAE
OHH JOTIOJHUTEIHHO 0XIAMKIAI0TC.

B xamane — 15 cosgaercs paspsaikeHUe, IOITOMY
MeKIy KOPIYCOM OXJAIUTeNsS W «HYJEeBBIM» MOJIY-
JIeM BBIZIEPIKAH 3a30D, UCKJII0YAOIIN TT0ICOC TOpsAUe-
T0 BO3AyXa 13 ero pabouero mpocTPaHCTBA.

Haxomnupimuecs B OyHKepax-0CauTeNIIX IeIeBbie
IPOAYKTHI IEPUOJUUECKH Uepe3 CeKTOPHbIE 3aTBOPHI —
24, nepechinaioTcs B OYHKephI-HAKOMUTean — 25, 26.

Ha puc. 2 moxasaHO yCTPOWCTBO «HYJIEBOTO» MO-
nyas. OH comep:xuT maTpyoxu — 1, 2, cOobIIeHHbIE ¢
TEILIOBBIMU KaMepaMmu — 5, 6. BHyTpu Kopmyca pas-
MeITieH TePMOMBOJIAIMOHHBIN MaTepuai, U30Jupyio-
i Tpy0uaThie paboure KaMepsl — 7 OT TemIOBBIX
Kamep — 5, 6, KOTOpBIe, 13-3a IIOTOKA I'OPSUEro BO3AY-
Xa, MOCTYMAIOIIero OT BCachiBaTe el — 4 1Mo BO3LYXO0-
BogaMm — 3 (puc. 1) IOTOJTHUTEIHHO CHUIKAIOT OTTOK
TeIa u3 Kamep — 5, 6. BepMUKYIUT U3 HUMKHETO MO-
IyJid TIoTajaeT B IOJIOCTH — 4 1 1Mo pabounM KaMmepam,
HMEIOIIM KOHUYECKNe YYaCTKH, YBeJIMUHBAION[NE
10 Mepe IBMKEHWUS er0 KYYHOCTb, IPOJBUTAETCA K
BBIXOAY. 3[eCh IIPOUCXOIUT 3aBepIleHre AeTUIPaTa-
I[UY ¥ BCIYUMBAHUSA BEPMUKYIUTA 34 CUET HAKOIJICH-
HO B HEM ¥ MHEPTHOM MaTepuaJjie dKCepruu.

1 4 3 2

6

8 7
Puc. 2. [JononHuTeNbHbIV He3NEKTPUHECKM MOZY /b
Fig. 2.  Optional non-electric module
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ala

6/b

6C

Puc. 3. Cragum BCryavBaHus BEPMUKYIIATA @) KOHUEHTPAT, 6) HEAOBCYYEHHOCTb, B) MOHOCTbIO BCYYeHHbIN

Fig. 3.

Wcnonb3oBaHwe 3Kceprv BepMUKYNnTa
1 MHepTHOro MaTepuana

OKCoprusa — 9TO KauecTBeHHAsA HSHEPTHUsA, IIPUTOJ-
Has K COBEPIIEHNIO TI0Je3HO0i paboThl. B Harem ciy-
yae HAKOILIEHHAS B BEPMUKYJIUTE TEILIOTA TyTeM
KOHYKTHUBHOTO IIePeHOCA II0 YeIITyHKaM BIry0b 3epeH
cTmoco0HA 3aBepINNUTh TPOIECCH AETHAPATAUU U
BemyurBaHuA. Huke MOKasaHbl CTaflU CTPYKTYPOOO-
pasoBaHUsA BEPMUKYJIUTA OT KOHIleHTpara (puc. 3, a)
JI0 TIOJTHOCTBIO0 BCITyYeHHOTo Marepuaja (puc. 3, 8) ¢
IPOMEKYTOUHBIM COCTOSHUEM HEeJOBCIYUeHHOCTH
(puc. 3, 0). Ah(PeKT «HYIeBOTO» MOLYJIA COCTOUT B I0-
0aBIeHUY BpeMeHM [/ 3aBEPIIEHUA YKa3aHHBIX TIPO-
1eccoB. TermroycBoeHre BePMUKY/INTA MOMKHO IIpep-
BaTh HA BBIXOJIE W3 HUIKHETO HJIEKTPHUECKOTO MOZY-
ag — 2 (puc. 1), HaIpuMep IpU TeMIIEPaType MOBePX-
Hoctu 3eped ~720 °C, mepeHecTH ero OKOHYAHUE B
«HYJIEBOH» MOAYJIb, U T€M CAMBIM CHU3WUTBH IIOTPE-
0J1eMy10 MOITTHOCTD meun. OcTaBIasacs TermIoTa B OT-
CYTCTBHUE BHEIITHET0 MCTOYHUKA SHEPTuu OyIeT mepe-
XOJUTH B TIyONHHbIE CJIOU 3ePeH.

Ho neiictByioT ermme aBa GaxTopa: JYUUCTBIA U
KOHIYKTHUBHBIN TIePEHOC TeIia OT MeJKWUX 3€PeH, B
KOTOPBIX MPOIECCHI VKe 3aBepINUINCh, Ha KPYIHBEIE,
a TaksKe OT 0OoJiee IJIOTHOTO WHEPTHOTO MaTepHasa,
HaATPeToro 10 KOHEUHOU TeMIepaTyphl ele ObicTpee,
Ha Te JKe KPYIHbIe 3epHa (puc. 4).

® - [Inepmuuiii mamepuan

Puc. 4. Knacrepbl, 0bpasylomecs B KOHUYECKMX TpybKkax go-
OSHUTENTbHOTO «HYIEBOrO» MOAYIIS
Fig. 4. Clusters formed in conical tubes of an optional «zero»

module

Expansion stages of vermiculite: a) concentrate; b) not completely expanded; c) expanded

AIeKTpUUECKIe MOAYJIM Meud CHAOKeHBI BCACHI-
Barenamu — 4 (puc. 1), TOTJIOMANIUMA YTEUKN JIy-
YUCTOH SHEPIWM ¥ TEMJ0 KOHBEKTHBHBIX TOTOKOB,
HAyIIUe Yyepe3 BepXHUe TOPLLI MOAy el o0:xura. ITo-
TOK TeIIoHocHTesnA — Harpersii o 380-400 ‘C Bos-
IyX, TIPOKAYMBAELTCA Uepes TEIIOBBIE KaMepsl — 5, 6
(puc. 2), IpaKTUUECKU UCKJI0UASA MOTEPU HAKOIICH-
HO¥ 3epHAMU 9KCEPTHUH.

Teopernueckre MOJeJIN IPOIECCOB TEILIOMEPEHOCA
paccMaTPUBAMICH B TIPEAIIECTBYIONIMX PabOTaX aBTO-
DOB, TI0ATOMY 3/1eCh PACCMOTPEHBI PE3YJIBTATHI BKCIIEPH-
MEHTOB, IIPOBEJIEHHBIX Ha MOAY/IbHO-CITYCKOBOM IIEYH C
JIOTIOJTHUTEILHBIM HE3JIEKTPIUECKU MOJYJIeM (puc. 5).

Puc. 5. Snektpudeckas neds C AOMONHUTENbHBIM <HYIEBbIM»
monynem: 1 = Mofy/b CO CHATON TePMOKPBILLKON, 2 =

BCacbiBaTesib, 3 ~ BO3AYXOBOZ, 4 — «HyneBow» MoAy/b

Electric furnace with an additional «zero» module: 1is
the module with a removed thermo-lid; 2 is the suction
unit; 3 is the air duct; 4 is the «zero» module

Fig. 5.
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OmBITHl TPOBOAUJINCH HA BEPMUKYJIUTOBOM KOH-
rJioMepaTe ¢ cofiep:KaHueM ()IOTOIINTA TTeCKa M KaM-
Hell ¢ yactunamu 1,5—5 MM Ipu UX COBOKYIIHOM Mac-
coBoit gosie ~18 % . CBoiicTBa CHIPHS CYIIECTBEHHO OT-
JITYAJIUChH OT CBOMCTB KOHIIEHTPaToB KOBIOPCKOTO Me-
CTOPOKICHIS, OHO 00)KUIraaoch Ipu 00jiee BHICOKUX
remueparypax 800-1000 °C, Ho MUHEMAILHAS ILIOT-
HOCTh TOCJIe BCIYYMBAHUS He ONYCKAJach HUIMKE
223 xr/m* (Tunosoit kornertTpar KBK-4 Bcoyunsai-
ca 1o 80-98 xr/m?).

B Tabn. 1 mpuBeneHbI pe3yJbTATHl 9KCIEPUMEH-
TOB: TeMIlepaTypa HarpeBaTesieil, CpegHUE MO TPEM
U3MepeHNUAM 3HaUeHNs IIJOTHOCTell Ha BXOJE P, U
Ha BBIXOJIE P, ,, U3 «HYJEBOT0» MOAYJIA ¥ U3MeHeH e
IJIOTHOCTY BCIIYUEHHOTO MaTephajia Mmocje MPOX0sK-
IeHH uepes «HYJIeBO» MOLYJIb Ap.

ITo Mepe yBesqnueHMsA TeMIepaTypsl Pa3HOCTh HAa-
CBITTHBIX IIJIOTHOCTEN yMeHbImaeTcA. Tak, Ipu TeMIIe-
parype 801 °C pasHocTs mIOTHOCTEH paBHA 66 KI/M?,
npu T=890 ‘C Ap — 29 kr/™°, a mpu MUHMMAJIbHON
IJIOTHOCTH 223 KI'/M° Pa3HOCTH IIOTHOCTE!N Ap cocTa-
BIseT 9 Kr/m°.

Tabnuua 1. Pe3y/bTaTbl 3KCIEPUMEHTOB

Table 1. Experimental results
e CpenHas ﬂﬂOTHQCTb, Kr/m? Pa3HoCTb
2 £ 5| Temneparypa Density, kg/m’ nNOTHOCTEN
8% E Harpesatenen, °C Psico Dsar. o Ap
% £ 2| Average tempera- | ua sxope |Ha sbixope| Difference of
T ture of heaters, °C| atinput | at output | densities Ap
1 801 337 294 66
2 826 323 272 44
3 858 301 269 38
4 890 279,5 245 29
5 921 252 238 21
6 953 345 229 1
7 992 232 223 9

B pa6ore [14] mosiyueHBI pe3yJabTaThl paHee BHI-
[OJHEHHBIX SKCIIEPUMEHTOB Ha OIIBITHO-IIPOMBIIILIEH-
HOU meun 6e3 «HyJIeBOr0» MOIYJIS.

Tabnuuya 2. KoHueHTpaT KBK-4 Kosropckoro MecTopoxaequs

Table 2.  Concentrate KVK-4 of Kovdorskoye deposit
OOGbeMHbIV BeC MaTepurana, Kr/m’® M3meHeHmne
Ne mMopyns Volumetric weight 0ObEMHOrO Beca
(cBepxy of the material, kg/m? Ha Moayne Ay,
BHU3) Yox HA BXOLIE | Y4 HA BbIXOE Kr /M
Module No.| g mogyns 13 Moy NS Change in volumet-
(top down) | at the module | at the module | ric weight on the
input output module Ay, kg/m’
1 540 126 414
2 126 94 32
86
(Ha BbIXOZE Meym)
3 %4 (at the output 8
of the furnace)

IMauueie memoHcTpupyior (rabm. 2), uro Ha
TpeTheM (HUIJKHEM) MOAYJe W3MeHeHWe ILJIOTHOCT!
BEePMHUKYJIUTA COCTaBisgeT Bcero 8 kr/m®. B HOBBIX
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OIBITAX M3MEHEHNe IJIOTHOCTH BCIYYMBAEMOTO IIPO-
IyKTa TIPU er0 MPOXOKIEHUU Uepes «HYJIEeBOW» MO-
IoyJib cocraBasger 9 kr/m®. U3 cpaBHeHUA BUAEH 3(-
(DeKT «HYJIEBOTO» MOIYJA: OH CHOCOOEH 3aMEHUTH
SJIEKTPUUECKUA MOAYJIb 0e3 CHUKEHWS KauecTBa
BCIYUMBAHUA U CHIKEHHUS TeMIepaTyphl Hakaja
SJIEKTPOHATPEBAaTeNel B OCTABIIUXCA MOAYJIAX.

Ilna TpexMoAyIbHOM Ileun OTHOIIeHNe Ap K cpef-
HEMYy 3HAUEHWIO ILJIOTHOCTH II0 BXOAY ¥ BBIXOAY JJIs
KBEK-4 (Tabm. 2):

Ap 8
O’ 5(psx + pBHX) O’ 5(94 +86)

Il BCIIyYnBaeMoOro B HOBOM dKCIIEPUMEHTe KOH-
TJIoMepara JaHHOe OTHOIIeHUe WHOe:

9
0,5(232+223)

T. K. €70 KOHEYHAd IIOTHOCTH CYIIECTBEHHO OOJIBIIE.
Ecmu mpu p,=0,089 cHukenue morpebigemoit
MOIITHOCTH COCTABJISET TPETh OT 0O0Iell MOIHOCTH
(30,3 %), To mpm p,,=0,04 cumsKeHHE, NCXOI U3 CO-
OTBETCTBYIOIIEH MPOMOPI[UY, COCTABUT:
0, 04M =14,9 %.
0,089

CiesioBaTebHO, UCIOMB30BAHIE TOMOJTHATEIHHO-
TO «HYJIEBOTO» MOJYJIA B TPEXMO/YJIbHOI TT€UH TT03BO-
JIUT CHUSUTH HAKaJ HarPeBaTesell U COKOHOMUTD OKO-
10 15 % sHeprum.

OueBUIHO, UTO SKCEPTHUs, 3aMaceHHas B KPYIHBIX
3epHAX BEPMUKYJINTA ¥ YACTUIIAX NHEPTHOTO MaTepu-
ajla K MOMEHTY MX Tepexojia 13 dJIeKTPUUECKOT0 MO-
IyJS B «HYJIEBOW», MeHCTBUTENHHO paboTaer, TpaH-
copMupyach B MEXaHUUECKYIO SHEPTHIO UX CTPYKTY-
poobpasoBaHu.

ITo Mepe yaanmeHus OT MUHAMAIbHOM ILIOTHOCTH B
00s1acTh ee OOMBIINX 3HAUEHUWH (B 30HY HE IOJHOTO
BCIIyYVBAHUSA TIPOAYKTA), 3DPEKTUBHOCTL «HYJIEBO-
ro» MOZyJis Bodpacraer (Tabi. 1), HO YMEHbBIIATE II0-
TpebJIAEeMYI0 MOIIHOCTD 32 CUET CHUKEHUA KauecTBa
BEPMUKYJINTA Heleaecoo0pasHo. OfHAKO, YUNUTHIBAA
9Ty TEH[AEHINIO0, MOMOJHUTEIbHBIH MOIYJIb MOMKHO
yCTaHABIUBATH He IIOCIEIHUM B eI MOLYJIeH 00:KH-
ra, a, HaIpuUMep, IPeTIOCIeTHUM, YTOObI erre 60JIb-
IT1e TTOBBICUTH er0 a(eKTuBHOCTE. [Ipu aTOM TMOCTEN-
HUM Oy/IeT TUIOBOH JIeKTPUUECKUH MOYJIb.

po'r = 0, 089

[
Por =

BnusHune oxnaxgpeHus Ha NPOYHOCTb
BCMy4YeHHOro BepMuKynnTa

BricTpoe oxJaskIeHNA BCIYYEHHOIO BEPMUKYJIU-
Ta, KaK OTMEYAJOCh BBINIE, OKA3bIBAET BIUIHNE Ha
ero mpouHocTh [15]. B npyrux ucrounnkax mudopma-
Uy, Kak B pabore [15], HET KOHKPETHBIX JAHHBIX IO
TIPOYHOCTH, TTOATOMY MBI IIPOBEPUJIM OTBITHL HA TIPO-
MbInIeHHOH meun 3umoini 2018 r. BemyueHHbIH Bep-
MUKYJIUT, BEIXOJUBIINN U3 HAMKHETO HJIEKTPUUECKO-
IO MOJAYJsS, PACCHIIAJIY TOHKUM CJIOeM Ha (haHePHOM
smcre u 0b1cTpo (7—8 ¢) BBIHOCWIIM HA MOPOS3.

IKCIIePUMEHTHI TI0 CPABHEHUIO TPOYHOCTH MPOBO-
IWINCH Ha CTeHJe, paboTaoIeM KaK MOPIIeHb B 11~
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auuape. B tabi. 3, 4 mpuBefeHsl 3HAUSHNS CAKIMAIO-
mero ycuauss F Ha IOPINHE, COOTBETCTBYIOINME UM
3HaYeHUA abCOJTIOTHOH JehopManyuy MaccuBa BepMu-
Kyauta Al B IUIWHIDE, HOPMaTbHOE HAPIKEHNEe O
(mpouHOCTH B IUJIWHAPE) M OTHOCUTEIbHAA Nedopma-
IS MAaCCHUBA &.

Tabnmuuya 3. Harpy3ska v 4egopMaLms OXIaxaeHHOro BEPMUKYINTa
Table 3.  Load and deformation of cooled vermiculite

Bepmukynut KokLapoBCKoro MectopoxaeHus. PasmepHocts 3,0 MM
Vermiculite of the Koksharovskoye deposit. Dimension is 3,0 mm

F,H 39,2 69,7 [165,8]200,1|295,3|354,1|415,0|488,5
Ah,m [0,008[0,009]0,016 | 0,017 {0,022 0,024 |0,026 | 0,032
o, H/m*| 1032 | 1834 | 4363 | 5265 | 7771 | 9318 | 1092112855
& % 4 4,5 8 8,5 n 12 13 16

Tabnuuya 4. Harpyska v gegopMaums HeOXNaxaeHHOro BepMu-
KymrTa

Table 4.  Load and deformation of non-cooled vermiculite

Bepmukynut KokLLapoBCKoro MectopoxaeHus. PasmepHocTs 3,0 MM
Vermiculite of the Koksharovskoye deposit. Dimension is 3,0 mm

F,H 39,2697 [165,8]200,1]295,3|354,1|415,0{488,5
Ah,m |0,008| 0,01 |0,017|0,019|0,024|0,027| 0,03 |0,036
o, H/m?| 1032 | 1834 | 4363 | 5265 | 7771 | 9318 | 1092112855
& % 4 5 85 95| 12 |135] 15 18

HopmansHoe naBieHue, BHIBHIBAIOIEE HATIPSKE-
HHe B MaTepuaje IPU CKATUM, U OTHOCHTENbHAA Je-
(hopMaIus MaccuBa BEPMUKYJINTA B IUINHIPE OIIpe-
IeJIATUCH PACUeTOM 0 (OpMyIaM:

o-=E u 8=A—h'100 %,
S h
T7ie 0 — HOpMAaJbHOe JaBJieHre; S — IIOMAalb UINH-
Ipa; Ah — abcoaioTHAs, I OTHOCUTENbHA & fedopMa-
1175 Ipo0 BEPMUKYIUTA; I — UCXOTHAI BHICOTA TPOOBI
B IIAJIMH/DE.

Huxe moxasausl rpa@uKu 3aBUCMOCTHU ITPOYHO-
CTY BEPMUKYJINUTA B MIUIUHAPE OT OTHOCUTEIBHOMU Je-
(opmanuu maccusa (puc. 6). IIoCcKOMBKY I CBITTY-
YHX MAT€PUAJIOB MPOUHOCTD B IIMIUHAPE OIPEIeIdi0oT
npu 10 u 20 % -ii gedopmanuu, CPABHUM ITIPOYHOCTD
oxyaxaenHoro (~6550 H/M?) u HeoxJamKIeHHOTO
(~5500 H/m?) maTepuasa mpu gedopManuy MacCuBa
10 %. AdderT oxmamIeHnT OUEBUIEH: YBeINUYCHIe
npouroctHu cocTaBasger 19,1 %.

OnHaKO YCIOBUSA OXJNAMKACHUA B JAHHOM OIBITE U
B IIPOM3BOJACTBEHHBIX YCIOBUIX — B OXJIAJUTE]IE TEX-
HOJIOTMYECKOr0 KOMILIEKCa, OTamuaioTcs. Ilostomy
Heo0X0IMMO MojeaupoBaHue sToro mporecca. Oco-
OEHHOCTH 3a7auél COCTOUT B TOM, UTO BEPMUKYJIUTO-
BbIe KOHIIGHTPATHI MMEIOT PasHble PasMephl 3epeH.
Tak, KormeaTpaTsl KOBIOPCKOr0 MECTOPOXK ICHIS [e-
narca Ha mapku Kpynuaoct: KBK-0,5; KBK-1; KBK-
2; KBK-4 u KBK-8, u B Ka:x10i IpyIme ecTh 4aCTH-
IIbI, OTJIMYaoIecd pasMmepamu B 6—9 pas. C yuetom
9TOTO TOBBIIIEHNE KAUeCTBa 00KHUTa M OXJAMKICHUSI
BEPMUKYJIUTA MOKET OBITh JOCTUTHYTO 34 CUET Ipe-
BAPUTEIHHOTO (PPAKIIMOHMPOBAHUSA CHIPBS.

o, H
M? ® - Heoxnasxcoennulll 6epmMuKyium
12000 - ® - Ox1adCOeHHbIU BEPMUKYIUM.
10000
8000 -
~ 6550 Ez
M
6000 "
~ 5500 —
M
4000
2000
Hedopmarus 10 %
T T T T
0 4 8 12 16 €, %
Puc. 6. 3aBuCHMOCTb MPOYHOCTN B UWITMHZPE OT OTHOCUTESIb -
HoW fegopmaLiym Maccvsa
Fig. 6. Dependence of the strength in a cylinder on the relative

deformation of an array

Bpemsa pacmpocTpaHeHWsS TeMIepaTyphl OT IeH-
TPOB UYEIyeK BCIIyUEHHOTO 3ePHA K ero mepudepuu,
rlie TIOTOKOM BO3AyXa MOANEP:KMBAETCS MMOCTOSHHAS
remmeparypa ~20 °C (puc. 7) MOKHO PACCUUTATE CXO-
I 13 TeMIIePATyPOIPOBOJHOCTH BEII[eCTBA y, XapaK-
TEPU3YIONIEro CKOPOCTh BLIDABHUBAHUS TEMIIEpaTy-
PBI B HEPABHOBECHBIX TEILJIOBBIX mporeccax [16].

Bozoyx

20°C

RN

/,
HH{}

Puc.7. (Cxema K MOLENMPOBAHMIO TeMNePaTyponpoBOaHOCTA
BEPMUKYIMTOBbIX 3€PEH
Fig. 7.  Scheme for modeling thermal conductivity of vermiculite

grains

BenyueHHBIH BepMUKYIUT 00J1aaeT YellyiiyaToi
CTPYKTYPO# ¥, KaK CJe[CTBUE, BHIPAKEHHON aHU30-
Tpomuei cBoWCTB. UeIIyHKHU UepenyloTcsa CO Imese-
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BUJHBIME IIOPaMM, IO3TOMY MOJEJIb TEMIEPaTypo-
IIPOBOJTHOCTH HE YUUTHIBAET TEILJIOBOM ITOTOK B IOIIe-
DPEYHOM HAaINpaBJeHWH. BBIIEJUM M3 BCIYUEHHOTO
3ePHA YeIIyHKy ¢ YCJIOBHBIM Auametpom D, (puc. 7) u
OIIPe/IeIM BpeMsA BBIPDABHUBAHUA TEMIIEPATYPHI OT ee
IIEHTPa K KpasaM.

CrenaeM psif JOIYILEHMN:

+ IyCTh Iepej BXOJOM B OXJIaJUTeNb BCe TPOIECCHI,
CBSI3aHHBIE C TEILJIOIIEPEHOCOM, AeTHApaTalen u
BCIIyUMBaHUEM, 3aBEPIIEHBI;

*  IIpU OXJIAXKJEHUU TEMIIEPaTypa Ha Kpadx delryeK
(~20 °C) Bo3HMKAeT MI'HOBEHHO U IOJAEPKUBALTCA
TIOCTOSIHHOM 34 CYET HEIIPEPBIBHOTO 00TEKAHUA 3€-
PEH MOTOKOM BO3/IyXa;

*  IIpU 3aBepIIeHUN 0XJIaK/IeHU OJTHOTO BEIPDABHU-
BaHUA TEMIIEPATyp B IEHTPAX UEIIyeK U Ha UX Ie-
pu(epun He IPOUCXONUT;

*  TeMIIepaTypPOIPOBOAHOCTD B 1000 TOUKE Uelyii-
KU O[MHAKOBA,;

* B COCeIHUX YeIIyHKaxX WUIYT aHAJOTUYHBIE MPO-
I[eCCHI, ¥ TEILIO0OMEHa MeK Iy HUMU HeT;

© IpU OXJAXKJEHUU B3aUMHBIN II€PEHOC JYUIUCTOH
SHEPTUU MEKY 3€PHAMU OTCYTCTBYET.
3aBUCUMOCTb OTHOIIEHUA PAa3HOCTU TEMIIEPATYD

AT, Ha nepudepun YeITyHKY U B ee IIEHTPe B KOHIIE

OXJIAJKJIEHNS Ha BBIXOJe M3 0XJIaUTeJbHOTO0 YCTPO-

cTBa U B HavaJse oxJaxaenusa AT, Ha BX0Jie B HETO OT

BPEMEHU ¢ ONMUCHIBaeTCsA ypaBHeHMeM [17]:

_ ot
AL _Loh g 030", B
AT, T.-T,

rae T, — TeMIeparypa B IieHTpe UelTyHKH B KOHIIE 0X-
naxaenus, C; T, — remmepaTypa Ha mepudepun 3ep-
Ha B KoHIle oxaxenus, C; T, — TeMmnepaTypa Ha mie-
pudepun B Hauane oxjaxgennd, C; T, — reMmepary-
pa B rIy0KHe 3epPeH B HavaJjIe OXJaKIeHus, C; y — KO-
3G QUIMEHT TeMIepaTypOnpPOBOJHOCTH, M®/c; & —
(hparMeHT YenTyHKy, paBHLIH ee YCJIOBHOMY Pauycy.

Bosmo:kHOCTE TpuMeHeHuS GopMyJsl (1) MOMKHO
mpoBepuTh yeaoBueM [17]:

t
x5 > 0.06. (2)

Bpewms ¢ He ©3BECTHO, HO €r0 0/KHIaeMoe 3HAUEHIe
t, MOKHO HAUTH IJIS CIydas, KOTja TeMIepaTypsl Ha
KOHIIaX BBIIEJEHHOT0 ()parMeHTa He BIUSIOT HA Bpe-
MA uX BbIpaBHUBaHUA [16]:
52
t,>006° . 3)
X
Jlna sepHa ¢ ycnoBHEIM Auamerpom D,=4,0 MM &
paBHa 2,0:107° M. [[a HAXOMKIEHUA 0XKUTAEMOTO Bpe-
MeHU ¥ TPOBEPKHU YCJI0BUA (2) olpeiesiuM K03 Quiy-
eHT TeMIepaTyporpoBogHocTH [16]:

X=— 4
et @)
rie A — Koa(GUIKEHT TeMIOMPOBOAHOCTH; O — UCTUH-
Hasd IJIOTHOCTD; ¢ — YAeJIbHAS TeII0OeMKOCTb.

ITopucrocTs 3epeH OmpemesseTcsa MIeJeBEIMU II0-
paMu, a «TeJl0» YeIIYHKHU ABIIETCS CIIOIITHEIM U KO-
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s duiment 12 11a Hee MOMKHO IPUHATL KaK IJIs Bep-
MUKYJIATa WIK (IOTOMUTA-CHIPIIA, PABHBIM B HAIIpa-
BJIEHMHU IUIOCKocTell cmainoctu ~5,1 Br/m-C [18].
[I1oTHOCTH IO 9TUM K€ COOOpaKEeHUAM TPUHUMAEM
2300 xr/m*[19], Ho ¢ yueToM BBIXOZa OOJIBIIIEl YACTH
ruzpatHoi Bogsl (~18-20 % [20]) yrouneHHOE 3HAUE-
Hue p Oyzer paBHO 1863 Kr/™M°. YjaenbHaa TemaoeM-
KOCTb ¢ CJIOABI-ChIpIa Ipu TemmepaType 20 ‘C pasHa
~860 I:x/kr'C, a B unTepBase remmeparyp ot 20 10
720 ‘C ee MOMKHO NPWHATL IPUMEPHO PABHOM
930 Mx/xrC[21].

Pacuer mo dopmynam (3), (4) maer 3HaueHue
2=2,910°m*/c u t,=1,38 c. IIposepka ycnosus (2)
MO TBEPIKIAET er0 BBIMOJHEHNE!

1,0005>0,06.

Bepremcsa k (opmyste (1) u 3agagum TeMmepary-
pol. Ecau mostHOro BRIpaBHUBaHUA Temuepatyp T, u
T, K MOMEHTY BBIXO/la BCITyUeHHBIX 3eDHEH U3 0XJa-
IUTeNs He TTIPOU30HIET, TO 3aJaJM OCTATOUHYIO TeM-
meparypy T, B IEHTpe YEITYHKU B KOHIIE OXJIAMKIE-
Hus, Hampumep, 50 ‘C, a remmneparypy T, — Ha mepu-
(epuM B KOHIIE OXJIAXKAEHUs, PABHON TeMIeparype
Bosayxa 20 °C.

ITycts Temneparypa T, Ha mepudepuu B Havame
oxnaxnenus pasHa 720 'C, a B rry0uHe 3epeH B Haua-
gne oxnamnaenusa T, mensire T,, HO HOCTaTOYHA [JIA
TIOJTHOH JIeTHIpATalluy ¥ BCIYUMBAHUA 3€PHA B II€UU
u pasHa ~500 ‘C. Torzga jneBas yactsb BhIpaskenus (1)
Oyner paBHa 0,12 u ero MO:KHO IIepenucaTh B BUJIE:

arZl

-2, >
0,12=1,03e ¢.
ITocsie mpeoOpasoBaHMi TOTYUNM:

1 OKOHYATEJbHO:
™ =858, (5)

Cremenb 1,79t ocHOBaHUSA HATYpaJbHOTO JIOTA-
pudMa e mJd yAOBIETBOPEHUA YCIOBUIO (D) MOMKHA
ObITh paBHa 2,15, moaTomy:

1,79=2,15. (6)

U3 Bripaskenusd (6) mosyuaeM BpeMs BhIPDaBHUBA-
Hug 1,2 ¢, Ipu KOTOPOM 00eCIIeUMBAETCS OXJIAMKIE-
HIe 3epeH IOTOKOM Bo3xyxa ¢ Temmeparypoir 20 ‘C.
IIpoBops aHAIOTHUHBIE PACUETHI JJIA 3€PEH C APYTH-
MH YCJIOBHBIMU AUAMETPAMU, IIOJIYYMM 3HAUCHUS
BpeMeHM BBIDABHUBAHUA f, COOTBETCTBYIOIINE 3TUM
D, (rabum. 5).

Ilonyuenuble JaHHBIE TPOMIIIOCTPUPOBAHBI I'pa-
(hUKOM 3aBUCHMOCTHY BPeMEHY BRIPDABHUBAHMUSA TEMIIEe-
paryp B IeHTpe U Ha mepudepun BCOYUeHHBIX 3ePeH
OT UX ycJaoBHOTO Auamerpa (puc. 8). Ha Hem xoporro
BU[HO, UTO Ja)Ke BHYTPHU OJHON PasMepHOU I'DYIIIBI
BEPMUKYJINTOBOr0 KoHIieHTpaTa Mapku KBK-4 Bpe-
Ms BBIDABHUBAHUS TEMIIEPATYD CAMBIX KPYIHBIX
BCIIy4YeHHBIX 3epeH (D,=7,5 MM) B 25 pa3 mpeBbIIIaeT
BPEMS BHIDABHUBAHMA TEMIIEPATYP CAMBIX MEIKUX U3
Hux (D,=1,5 Mm).

Mlna seper ¢ D,=7,5 MM BpeMs BRIDABHUBAHHUA CO-
craBiser 4,22 ¢ 1 9T0 CaUMIKOM MHOTO. OXJIaKIeHne
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JOJIXKHO MATH OBICTpPEe, YTOOBI OCTAHOBUTH B INIYOMH-
HBIX CJIOSAX 3€peH Bce (DM3MKO-XMMUYECKUe IpoLec-
CBHI, TOJIBKO B 9TOM CJIydae BCIYUYCHHEIE 3epHA He [oTe-

PSIOT MPOYHOCTb.

Tabnuua 5. Bpems BblpaBHVBaHWS TEMNEPATyp 4715 3ePeH BEP-

MuKyuTa
Table 5.  Time of temperature equalization for vermiculite grains
YCroBHbIN Au- O>KMM(')D':6_ BbII'IOJ'IHe}z;I)e Mokasarens| BPeMA BbI-
ametp Dy, MM Bpem £, ¢ y;nﬁ;ﬁm ¢ | crenenu paBHtMBaHV'ﬂ
Nominal dia- o B PUTiment 4 ey nonent C
meter D.. mm Expected | of condition 2 a7yt Equalization
4 timet,, s (2) ATXY timet, s
1,5 (1. a) 0,19 12,7t 0,17
2,5(1.b) 0,54 4,58 t 0,46
3,5(1.0) 1,056 8 2,34t 0,92
45 (1. d) 175 | ononReT T a1y 154
Fulffilled
55(1.e) 2,6 091t 2,39
6,5 (1. 1) 3,77 0,67t 3,21
75(1.9) 4,85 0,51t 4,22
t, c
Mernkast ppaxiyst g
3,5 A
3,0
2,5 1
2,0
1,5 1
1,0
0,5
a
0 Kpynnas dpaxius
1 1 1 1 |
1 2 3 4 5 6 7 Dy,MM
Puc. 8. 3aBMCUMOCTb BPEMEHM BbIPaBHWBaHUS TEMNEpaTyp oT
YCII0BHOrO ivamMeTpa 3epeH BepMUKYINTa
Fig 8.  Dependence of temperature equalization time on the

nominal diameter of vermiculite grains

W3 nuTepaTypHBIX MCTOUHMKOB M3BECTHO, UTO TIPU
Harpese 10 150 ‘C BepMUKY/INT TapaHTHPOBAHO HE M3-
MeHSAeT CBOeH NCXOMHOU CTPYKTYPBI [ 22]: 13 HEero BBIXO-
JIWT TOJBKO CBOOOAHAS Boja. BemyunBaHye HAaUMHAETCS
Jnib npy Harpese 6ojee 270 °C 1 cOIPOBOMKJACTCA BEI-
XOJ0M XMMUYECKHU CBA3AHHON BOJIBI, CTPYKTYPOOOPaso-
BaHWEM U IPOTEKAHNEM XUMUYECKUX peakiuii [22].

Ecau sagaTh ocrarounyio temmeparypy T, B IeH-
TPe UeIllyeK KPYMHBIX 3€PeH B KOHIE OXJaKISHUS
150 °C, To MOKHO yTBEP:KIATh, UTO U3MEHEHN (DI3H-
YeCKUX CBOWCTB — IMIPOYHOCTHU, XPYIKOCTU U YIIPYTO-
CTH, ViKe He OyzIer.

Omnpeznenum spemens oxnaxderus (t,), ICTIONb3YS
dopmyay (1). Ee neBasg wactb OymeT u3MeHATHCSA, U
ypaBuenue (1) mpumer Buz:

a2

x =103 7, (7)

rae x; — aro orHomierue AT, /AT,, KOTOpoe ompeeuT-
CS TIPW TOJCTAHOBKE B BhIpaskeHMe (7) HECKONBKUX
3HAUEHU OCTATOYHOM IOCJIe 00)KUTa TeMIepaTypsl T,
(°C): 50, 75, 100, 125, 150.

IlogcraHoBKa 9TMX 3HAYEHWH W KCIOJIH30BAHIUE
BBIIIIETIPHBEIEHHOr0 AJTOPUTMA PACUeTa BPeMeHH 10~
3BOJIAIOT PACCUMTATH BPEMA OXJIAKIEHUS KPYIHBIX
3epen koumenrpara KBK-4 (tabi. 6).

Tabnuuya 6. BpeMs 0X/1axaeHns 3epeH C YCI0BHbIMY AMaMeTpa-
mn 7,5, 6,5u5,5 Mm

Table 6.  Cooling time of grains with conditional diameters
7,5,6,515,5mm
Bpems t,, ¢/Time t,, s
AT C L D=7,5 M, D=6,5 mm, D/=5,5 mm,
6=3,75 MM 6=3,25 MM 6=2,75 MM
30 4,2 3,21 2,39
55 3,0 2,26 1,62
80 2,29 1,72 1,23
105 1.8 1,37 0,98
130 1,33 1,0 0,72

Kax Bugno m3 Tabia. 6, Aid KPYIHBIX 3epeH C
D,=7,5 Mm npu pasHOCTH TeMIIepaTyp B LEHTPe U Ha
kpaax T,~T,=150-20=130 ‘C mocraTouHbiM OyzmeT
Bpemsd oxJyaxkaernd t,=1,33 ¢, 4To BIIOJHE peannusye-
MO B OXJIaJUTeJIe, a [/ 3ePeH MEHbIIIero pasMepa 0HO
ymensbIraeres 1o 1,0 m 0,72 c.

Ha puc. 9 moxasaHbl 3aBUCMMOCTY BPEMEHHU OX-
JaKIeHUS KPYIHBIX 3€PeH 0T Pa3HOCTHU TEMIIEPATyp B
nenTpe u nepudepun uvemyek. OHM UMEOT 0OOUTYIO
TeHIEHINIO K CHIKeHMIO ¢, mpu yBeawuenuu AT,. Ho
Ba)KHO TO, UTO €CJIU [JI BCEI0 MACCHBa BCIYUEHHBIX
3epeH 3aJIaTh BPeMs OXJAMKICHUA M0 MAaKCUMAIbHBIM
3epHaM, Hanpumep — 1,4 ¢, To 6osree MeIKHe 3epHA 0Y-
IyT B PasHOI CTEMEH! MepeoXJIaKIeHHBIMU C TeMIIe-
parypamu BuyTpu 20, 30, 40 ‘C. Kpynusie sepHa, Ha-
XO[IICh B €[UHOM MACCHBe C MEeJKUM, ObICTPO CPaBHS-
10TCA C HUMU 34 CUeT KOHAYKTHUBHOTO TemI000MeHa.

Bpems oxJamIeHHs caMOTO0 KPYIIHOTO M3 BCITY-
YEHHBIX 3epeH f, JOJKHO ObIThb PAaBHO BPEMEHH ero
IBIKEHNUS B KaHaje — 15 oxynagurens (puc. 1).

[Tagenue oqMHOYHOTO 3epHA MOKHO OMMCATH AU~
(epeHIMaIbHBIM YPaBHEHUEM:

()

T7e m — Macca 3epHa, KT; X — CKOPOCTh ero majieHus,
M/C; U, — CKOPOCTh BCTPEYHOT'O TOTOKA BO3IyXa, M/C;
Qa — K03(D(UIIMEeHT COMPOTUBIEHNA, KT/ M.

Pemenue ypaBuenus (8) ABaA€TCS TPUBUATHHBIM
1 TI03BOJISIET HANTH 3aBMCUMOCTD [IePEMEeIeHus 3ep-
Ha OT BpeMeHU TajieHud T, ¢. [I[pupaBHUBASA BPEMS 0X-
NaXIeHUA U TaJeHus t,=T, HecJ0KHO HallTu Heo6Xo-
IUMYIO BBICOTY KaHaja — 15 oxjaguTens.

OTMeTnM, 4TO IPOIECC OXNAKACHUA 3€PEH MOJTHO-
CTHIO 3aBEpIIAETCA HE B OXJIAJUTENE, a B IPOAYKTO-
mpoBoje — 19 (puc. 1).

mX = mg — a (v, + X)?,
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Ix, OO6nacTh KpymHBIX QpaKiuii
4,0
— Dy=75Mm
3,5 A — Dy=06,5MM
— Dy =5,5 MM
3,0
2,5
2,0
1,5 -
1,0 A
0,5 .
Oo6nacTb MENIKUX (paKiuit
I I I I I |
30 45 60 75 90 105 AT, C
Puc. 9.  3aBUCUMOCTY BPEMEHY OXNIAXAEHNS KPYHbIX 3epeH OT
Pa3HOCTV TeMMepPaTyp B LUEHTPE v MEPUPEPUM YeLLyek
Fig. 9.  Dependences of cooling time of large grains on the tem-

perature difference in the center and the periphery of
the flakes

BbigeneHue MenkoanucnepcHoro BepMukynuTa

OuuIeHHBIN OT MEJIKMX YaCTHUI[ BEPMUKYJIUT
(puc. 3, 8) obmamaeT MeHbIIeH JIOTHOCTHIO, UTO II0-
BBIIIIAET €T0 KaYeCTBO, HO U CAMU 9T YACTHIIbI SBJIS-
I0TCS IeHHBIM BTOPUYHBIM TIPOAYKTOM, KOTOPBIN Ha-
XOJIUT IPUMEHeHNe B TIPOM3BOJICTBE CTPOUTENbHBIX 1
orHeynopHbIX MaTepuaios [1]. Ha puc. 10 moxasans
[IBa THUIIa BTOPHYHOTO IIPOYKTA — MEJTKOUEITyHYaThIi
(a) m MmesnkopuCTIEPCHBIH (0).

OT6op STUX YACTHIL UIET He TOJBKO B OXJIAJUTE]e
yepes3 KaHaT — 13, HO 1 Yepe3 BcackiBaTe u — 4, KOTO-
pBle VHOCAT UX BMECTe C TOPIUMUM BO3LYXOM IIPU €T0
IPOKAuKe IO TEIJIOBHIM KamepaMm — 5, 6 «HyJIeBoro»
MopyJid (puc. 2), a HaKOILIeHIe IIPOUCXOAUT B OYHKe-
pe-ocagurene — 17 (puc. 1).

Teopus ormeneHns MeJIKOAUCIEPCHOTO MaTepua-
Jla yIKe paccMaTpuBaiach B paboTax aBTOPOB, IOATO-
MY 37IeCh MBI TPUBEZIEM TOJbKO HEKOTOPHIE OIIBITHBIE
TaHHBIE.

OmBIT BKCIIyaTAllMX BJIEKTPUUECKUX MOAYJIBHO-
CITyCKOBBIX IIeUeil IOKA3BIBAET, UTO Yepe3 BCACHIBATEIN

a/a
Puc. 10. Bepmukynur: a) yeLuyidatbivi, 6) MenKoanCnepcHbIi

Fig. 10. Vermiculite: a) scaly, b) finely dispersed

82

cobupaercst 0K010 45 % BTOPMYHOrO IPOAYKTA, OCTAIb-
HOE BBIXOJIUT 13 TTeur BMecTe ¢ BepMukyautoM [23]. Io-
ATOMY B PAaCCMATPUBAEMOM TEXHOJIOTMIECKOM KOMILIEK-
Ce OXJIAIUTE b BHIOMHSIET 1 BTOPYIO (QYHKIIHIO — 0TOOD
YeITyHyYaThIX ¥ MEJTKOAUCTIEPCHBIX JACTHII.

Ha puc. 11 mpuBefieHBI 3aBUCUMOCTH CYTOYHOTO
00'beMa BTOPUYHOTO IIPoAyKTa V,, 0T 06beMa BCIyueH-
HOTO BepMUKYyJuUTa V, mpu 45-mpomeHTHOM cOope II0
Kosnopcromy (KBK) u Tarapckomy (KBT) coipbio.

Vo> M
KN 05 o - Konyenmpamor KBK
U,
2.4 A X ‘\‘ o - Konyenmpamer KBT
Y ‘\./ Lo === [Ipocnosnvie Oanmnvle
“) N — QDaxmuyeckue danHble
2,0 A
1,6 1
1,2 A
0,8
0,4 A
0

30 35 40 W, w3

Puc. 11. 3aBUCUMOCTb CYTOYHOrO 06bEMa BTOPUYHbIX POAYKTOB
0T 06beMa OYMLLEHHOrO BEPMUKYANTE

Fig. 11.  Dependence of a daily volume of secondary products on
a volume of purified vermiculite

C yueToM IPOM3BOAUTEIBHOCTY OIBITHO-TIPOMBI-
IIJIEHHOH TI€YH IO Pa3iINYHBIM Pa3MePHBIM IPYIIaM
KOHIIEHTPAaTOB ObLIN paccuuTaHbl CyTOYHBIE 00bEeMBL
OCHOBHOTO MaTepuaja, COOTBETCTBYIOINIZE 00beMaM
BTOPUYHBIX TPOAYKTOB. [Ipu n3BeCTHOW MaccOBOM 10~
Jie BBIJEJEHHOI'0 BEPMHUKYJIHTA MOMHO PaCCUMUTaThb
CHUKEHIE ero ILJIOTHOCTH ¥, 34 CUET BbIBeIeHUs 13 00-
IIIeT0 MaCCHBA BTOPUYHBIX TPOAYKTOB:

m
Py - 9
Ve TTey 9

B

I/ICHOJILSYH cpenHeCTaTUCTUYECKUE OaHHBIE IIO
06’LeMHOMy BeCYy BCIITYUY€HHBIX BEDMUKYJUTOBBIX IIPO-

6/b
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IoykToB [1], B pesyabTaTe BHIUUCIEHWH 1O (hopMye
(9) mosryuaem IIOTHOCTH OYMINEHHOTO IIPOAYKTA 7,,
Kr/m® (BBIOOPOYHO):

+  Kosgmopcxkoro:

Yowrn=115,1 K1/

Yowr=99,68 Kr/™%;

Y, wr=86,6 Kr/M%

+ Tarapckoro: y

»wern=119,0 Kr/v’;

Yowsra= 98,93 Kr/M°.

ITocsie BBIZEIEHNSA BTOPUYHBIX TIPOAYKTOB JOCTHT-
HYTO CHUJKEHUE IIJIOTHOCTH Y, BCIIYUEHHOTO BEPMUKY-
JauTta 10 3 % OJIA KPYIHBIX KOHIEHTPATOB 1 10 8,5 %
IUIS MEJIKUX.

B HOBOM TEeXHOJIOTMYECKOM KOMILIEKCE 3a CUeT
c00pa BTOPUUHBIX IPOAYKTOB UepPes CUCTEMY OXJIasK-
IeHUSI MOKHO TPOTHO3WPOBATH €T0 YBEJIWUYEHHe 0
90 % . Ha puc. 11 moxasansl rpa@uKu, TpUMEPHO CO-
OTBETCTBYIOIIHE IPOTHO3Y .

3aknoyeHne

TexHOJOTHUECKUN KOMILIEKC A TepepaboTKu
BEePMUKYJIUTOBBIX KOHIIEHTPATOB U KOHIJIOMEPATOB
XapaKTepuayeTcs eJIBIM PATOM HOBBIX TeXHUUECKUI
pellleHNi, HaNpaBJIeHHbIX HA KOHOMHIO 3JIEKTPO-
9HEPTHUY, NOBBIIIEHE KaUuecTBa BCIyUEHHOTO BepMU-
KyJIUTa, IOJyYeHNe BTOPUYHBLIX I[EJIEBBIX IIPOAYK-
TOB — YENTyHYaTOr0 M MeJKOAUCIIEPCHOTO BEPMUKY-
JINTa, a TaKKe Ha BBIIEJIeHUe HHEPTHOIO MaTepuaia
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Relevance. Vermiculite and vermiculite-based materials have found wide application in many spheres of life: industry, environmental
management, fire safety, etc. That’s why, the solution of problems related to the improvement of technological processes for heat
treating of vermiculite concentrates and conglomerates, especially in the aspect of obtaining high-quality expanded vermiculite, is rele-
vant. The electric modular-trigger furnaces are the foundation for assurance of the resource efficiency of technological processes for
expanded vermiculite production. Therefore, the consideration of issues of developing new electric modular-trigger furnaces designs
and technological complexes based on them are relevant.

The aim of the research is to develop the technological complex for vermiculite processing, study of specified technological processes
and evaluation of their effectiveness.

The research methods are based on the analysis of information sources in the field of research, the synthesis of constructive and
technological solutions, parametric and functional description, experimental studies.

Results. The authors have developed a technological complex for processing vermiculite concentrates and conglomerates, taking into ac-
count the requirements of energy saving, improving the quality of expanded vermiculite and secondary target products. The modular-trig-
ger furnace was improved. The furnace allows saving up to 15 % of electric power at the same capacity. It was proved that the proposed
cooling system provides an increase of the strength of the expanded grains by 19,1 %, an increase to almost 90 % of the release of secon-
dary target products. The main quality indicator — decrease in the poured density of the main target product due to removal of seconda-
ry products and inert material = is significantly increased. The authors forecast further works in the aspect of developing a new electric
furnace with a movable bottom platform, which has a specific energy capacity for vermiculite heat treating of about 81,6 mJ/m’.

Key words:
Technological complex, electric modular-trigger furnace, non-electric «zero» module, exergy, cooling system,
separation system, vermiculite strength, secondary target products, inert material, thermal conductivity.
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