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TEN/ION30MALUMOHHbIA MOPUCTbIA MATEPUAN
HA OCHOBE ITMMAYKOHUTCOAEPXALWMNX MECKOB N ANTEBPNTOB
HOBO/ABOPCKOIO MECTOPOXAEHWA PECMNYBNNKW BEJTIAPYCb

AHHOTauusA. MpuseseHbl pe3ynbTaTbl UCCNEL0BAHUA NO MOMAYYEHUIO TEMNOU30NALMOHHBIX MOPUCTLIX KEPaAMUYECKNX
MaTepnanos C UCMOMb30BaHMEM BCKPbILWHbIX Nopod HOBOABOPCKOro MecTopoXaeHus MuHCKOro painoHa BpecTtckoit 06nactu
B Ka4ecTBe OCHOBHOIO KOMMOHEHTA CbipbeBbIX KOMMO3NLUIA 1 PEKOMEHA0BAHO MCNONb30BaHNe BaN0BON NOPOLAbl, COCTOALLEN
13 rNayKOHWTOBbIX MECKOB W aneBpMTOB. B KayecTBe JOMOMHUTENbHbIX COCTABAAOLWMX UCNOMb30BaHbI SIErKOMNaBKaa rnm-
Ha, 6a3anbT U Nopoo6bpa3oBaTenb, paLMOHaIbHOE coYeTaHMe KOTOpbIX obecneynBaeT QOPMOBOUYHYIO COCOBHOCTL Kepamm-
YeCKMX Macc 1 HeobXOoANMbIV KOMMNIEKC PUIMKO-XMMUYECKNX CBOCTB MaTepuana. Y CTaHOBNeHa 3aBUCUMOCTb NoKasaTenei
HaCbIMHOM NAIOTHOCTU, KO3(dULMeHTa BCNy4MBaHUA, KO3 HULMEHTA TENNONPOBOLHOCTA OT XMMUKO-MUHEPabHOro cocTaBa
MCNOMb3yeMbIX MOPOA Y CbiPbEBLIX KOMNO3WULUIA, YTO ABUIOCH KPUTEPMEM BblGOpa COCTaBOB C MakCUManbHbIM UCMO/b30Ba-
HVEM BCKPbILLIHOW NopoAbl M HEOOXOAMMON NNAaCTUYHOCTbIO KepamuyecKoi macchbl, TpebyeMoi 418 OCyLLeCTBAeHUS Npo-
Lecca popmMoBaHUSA CbIPLOBbLIX rpaHy/. PesynbTaTbl UCCNef0BaHUSA MOTYT CAYXUTb OCHOBaHWEM A/ MacwTabHOro Ncnonb-
30BaHNA He TONbKO MOME3HbIX NCKOMaeMblX HOBOABOPCKOro MeCTOpoXAeHUs (6a3anbToB M TY(hOB), HO U MOMYTHBIX - FNayKo-
HUTCOAEPXALUMX BCKPbILIHbLIX MOPOA, YTO BHECET CYLLEeCTBEHHbIi BKMaj B pacliMpeHne MUHepanbHO-CbIpbeBON 6asbl
Pecny6nnku Benapyco.

KnoueBble cnoBa: rnaykoHWTCOAepXKalline nopoasl, NecKu, aneBpuThbl, aneBpoNnTbl, TENNOU30NALUOHHBIA MaTepuan
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HEAT-INSULATING POROUS MATERIAL BASED ON GLAUCONITE-CONTAINING SANDS
AND ALEURITES OF THE NOVODVORSKOYE DEPOSIT OF THE REPUBLIC OF BELARUS

Abstract. The results on the research of heat-insulating porous ceramic materials produced using overburden rocks
ofthe Novodvorsk deposit of Pinsk district of the Brest region as the main component of raw materials are presented in the study
and the use of bulk rock consisting of glauconite sands and aleurites is recommended. Low-melting clay, basalt and a blowing
agent are used as additional components, rational combination of which would ensure the forming ability of ceramic masses
and the required set ofthe physicochemical properties of the material. The dependence of the bulk density, swelling coefficient
coefficient of thermal conductivity on the chemical and mineral composition of the used and raw materials is established
wich is the criteria for choosing composition with the maximum use of overburden and the necessary plasticity of the ceramic mass
required for the molding process of raw granules. The obtained results can serve as a basis for the large-scale use of not only
the minerals of the Novodvorsk deposit (basalts and tuffs), but also associated - glauconite-containing overburden. This will make
a significant contribution to the expanding the mineral resource base ofthe Republic of Belarus.

Keywords: glauconite-containing rocks, sands, aleurites, aleurolites, heat-insulating material, porosity, bulk density
coefficient ofthermal conductivity, heat treatment
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BeefeHue. AKTyanbHOW 3afaqeii NPOMbILLIEHHOCTU ABASAETCS pacluMpeHne MUHEPanbHO-CbIpLEBON
6a3bl CTEKONbHOW M KepamMnyecKoil oTpacseid 3a CUET LUMPOKOrO MCMO/b30BaHUA MOMIE3HbIX MCKOMae-
MbIX HOBbIX MECTOPOXAEHWA. B Pecnybnnke benapych 3aBepLueHbl paboTbl N0 NpeABapuUTe/IbHON pas-
BefKe 06a3a/sbTOB U Ty(hOB MecTopoXaeHnus HoBoaBopckoe MuHCKoro painoHa bpectckoi obnactu [1].
Ha ocHoBaHMM 3T0ro MUHUCTEPCTBO NPUPOAHBLIX PECYPCOB M OXpaHbl OKpYyXKatoLein cpefbl PB yTBep-
OMN0 cyMMapHble 3anacbl 6a3anbToB U TygoB no kKateropusam C1l+C2, nofcuuTaHHble Ha naowasu
1445 ra, B 06beme 164,1 MAH T. [0 gaHHOMY MECTOPOXAEHUIO TaKXXe YTBEPXKAEHbI MpeaBapuTeNbHO
OLeHEeHHbIe 3anacbl NOMYTHbIX MOJIE3HbIX UCKONAaeMbIX, 3a/1eraroLLinX BO BCKPbILLIHbLIX NOPOAax MecTo-
POXAEHUSA, K KOTOPbIM OTHOCATCA FNayKoOHUTCOAepKaline nopofdpl (MecKu, aneBpuThbl, aneBponTbl)
B 06beme 10,1 mnH m3.

PaHee B benapycu nNpoBOAMANCHE UCCNELOBAHUA TNAYyKOHUTOBBLIX MOPOA W KOHLEHTPATOB C LEfbio
N3YYEHUS UX KAUYECTBEHHbIX 1 TEXHOMOMMYECKMX XapaKTePUCTIMK, a TakKe BO3MOXHbIX 061acTei mprume-
HEHWS B NPOMBbILLIEHHOM MPOU3BOACTBE U CeNbCKOM X03AMCTBE. Tak, M3yyanacb BOSMOXXHOCTb UCMOSb-
30BaHUA rNayKoOHUTCOAepXKalLMX NOpos U rnayKoOHUTOBOrO KOHLEHTpaTa MeCTOPOXAEHUA «[06pyLL»
(Fomenbckas 06nacTb) 1 «Kapnosubl» (FpogHeHcKas 061acTb) B KauecTBe COPOEHTOB U MOHOOOMEHHU-
KOB 4719 NOMYyYeHUs NUTMeHTa, MCMO0/b3yemMoro B MPOM3BOACTBE N1a3ypoBaHHOW NAWUTKK, Kepamuue-
CKMX M3[eNnil, MacnsiHbIX, KNeeBblX M U3BECTKOBbLIX KPAacoK, a TakXe B KauyecTBe y0OpeHUs U CTPYK-
TYPMPYIOLLErO MOYBY MaTepuana B pacTeHueBoncTee [2-13].

CTpoeHue Tonwm HOBOABOPCKOro MECTOPOXAeHUS, NpuBeAeHHOe B Tabn. 1, M03BOIMIO OLEHUTb
MeCTOMOoMI0XKEeHWe uyydaeMbix nopog (nnact 1-3) u X MOLLHOCTb.

Tabnuua 1 CTpoeHue Tonwm HoBOABOPCKOro MeCTOPOXKAEHUS

Table 1 Structure of the stratum of the Novodvorskoye deposit

HazsaHvie nopazp! CpeHsAs MOLLHOCTb, M
Bckpbiwa 1,26
MecoK CTPOMTENbHbINA 20,52
Mopopabl rnaykoHuTCoAepxawme (nnact 1) 12,7
BHYTpeHHAsA BCKpblLa (NnacT 2) 91
Mopoabl rnaykoHUTcoaepxawue (nnact 3) 6,2
Mopopabl 6a3anbToBble (T2+T1) 172
Ty (T3) npocnoii B 70 % CKBaXKMH 59
Mopogabl 6a3anbToBblE (T2+T1) 6,4
Ty ntypdut (T3) 26,3

["nayKoHUTCOAepXKaLLme nopoabl NpeAcTaBnA0T COO0M r1ayKOHUT-KBapLEBbIe CIOANCTbIE aneBpu-
Tbl 1 anesponuTbl. CogepxaHue MuHepana rnaykoHuta (K(Fe3+ Al, Fe2+, Mg), [AL Si3 O|0](OH)2-aH20)
B nopogax Bapbupyet B npegenax 1025 mac.%; ocTanbHble MUHepasbl NpeAcTaBNeHbl NPerMyLLECTBEHHO
kBapuem (Si02), nonesbimu wnatamu (anb6ut NaJAISI30g], aHopTuT Ca[AlZSi20 8], opToknas K[AISIO §)),
KaonumHuToM (A14[Si4010(OH)g), myckosutom (KAIZ2[AISi30|0](OH)2); BO3MOXHO NpUCYTCTBUE Cufe-
puta (FeC03 un docartos ((CHO )P (0)(0H)3 [ B He6ONbLIMX KonnyecTBax [1].

Mo XMMUKO-MWUHEPa/IbHOMY COCTaBY, Kak MepBOMY U FTaBHOMY MPWU3HAaKY NPUTOAHOCTM ChIpbs, F1ayKo-
HWTOBbIE NMECKW U aNeBPUTbI ABMASKOTCS MEPCMEKTUBHON CbIPbEBOI OCHOBOW 4151 MOMYYEHUS CUMKAT-
HbIX MaTepMaioB, 0HaKO BOMPOC MX UCMO/b30BAHUA A1 MOMYYEHNUs KepaMUYeCKUX NOPUCTbIX TEMI0-
M30MSILNOHHBIX MaTepnasioB 0CTaeTCs MPaKTUYECKN HEN3YUYEHHbIM.

Llenb HacTosLLero uccnefoBaHns - paspaboTka peuenTypbl CbipbeBbIX KOMMO3ULMIA U TEXHONOTUYe-
CKMX MapameTpoB MOSYyYEHUS TENTON30NSALNOHHBIX MOPUCTLIX KEpaMUYeCKMX MaTepuanoB Ha OCHOBE
rnayKoHUTCOAepXallmx nopos HoBoABOPCKOrO MECTOPOXAEHMS, a TaK)Ke YCTaHOB/IEHME 3aBUCUMOCTEN
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(hM3NKO-XMMUYECKNX CBOMCTB OT XMMUKO-MWHEPaNbHOrO COCTaBa U PeXNMOB TepM0O06paboTKn Ma-
Tepuana.

OO6bEKTOM MCCNefoBaHMA ABNAIOTCA KepaMU4YecKue Macchl, COAepXKaline B Ka4yeCTBE OCHOBHOIO
KOMMOHEHTa Ba/loBYHO MPo6y TpeX BblleyKa3aHHbIX rOpn3oHTOB (Tabn. 1), a TakxKe naactugukatop —
NErKonnasKylo rNuHy, NNaBHU - pas3finiHble MarMaTuyeckune noposbl KpUCTanINYeckoro hyHaaMeHTa
Pecny6nvku benapycb (6a3aibT, rpaHUTONAbI) U TEXHOTEeHHbIE O0TXOA4bl MPOMbILAEHHOCTU (Mbl/b Fa30-
OUYMCTUTESIbHBIX YCTAaHOBOK Pa3fIMyHbIX NPOU3BOACTB).

MeToamka uccnefoBaHuii. MposefeHVe nccnegoBaHns 6a3MpoBanock Ha OCHOBaHWW onpejene-
HWUA TeMNepPaTypPHbIX MHTEPBAIOB MN1aBNeHNS BCKPbILWHBIX FNayKOHUTCOAEPXallux nopos npu Tepmo-
06paboTKe KaK KpUTepuanbHOro haktopa, o6ecrneunBaroLLero MOpMmnpoBaHmne CTPyKTypbl TENION30N5-
LMOHHbIX NOPUCTbLIX KEPAMUYECKUX MATEpPUanoB, C NocnenytoLein pa3paboTKol peLenTyp UX Cbipbe-
BbIX KOMMO3WLMIA N M3yYeHUEeM 3aBUCUMOCTY NoKasaTeneid (hM3nKo-XMMUYECKNX CBOMCTB OT COCTaBOB
1 TeMnepaTypHbIX NapaMmeTpoB TepMuyecKol 06paboTKu.

[na n3rotoBneHns TenN0U30NSLMOHHOIO MOPUCTOr0 MaTepuana npuroToBaeHNe MaccChl OCYLLEeCT-
BNAAM NO3TANHO MyTeM TLLATENIbHOr0 CMELUUBAHUA B CYXOM COCTOSIHUM TOHKOMONOTOW FNayKOHUTCO-
Jepxalleli nopodsl M nopoobpasoBartens, 3aTem [006aBAsNM NnacTUhUKATOP, NiaBeHb W Bogy. [anee
B rpaHynaTope opmosanu nonyabpukar B BUJe CbIpLOBbIX rpaHys, KOTOpble NOACYLUMBANUCH B eCTe-
CTBEHHbIX YC/IOBUAX W MOCTYMann Ha TepMuyeckyto 06paboTKy Mo pexumy, obecrneynsarolLleMy 3a-
JlaHHbIA KO3PPULNEHT BCMYYMBAHNA U 06BEMHYHO MIOTHOCTD.

PU3NKO-XMMUYECKME NPOLLECCHI NPU HarpeBaHMM uccnegyemblx 06pasLioB NOposbl U CbipbEBbLIX KOM-
nosnunii aHann3mposaam no KpuebiM ACK, NofyyeHHbIM € NOMOLbLH0 AnthepeHLnabHO-CKaHUpYo-
wero kanopumeTtpa DSC 404 F3 Pegasus (NETZSCH, M'epmaHus) B nHTepBane temnepatyp 30-1400 °C
B cpefe aproHa (Ar).

OnpegeneHvie 3NeMEHTHOr0O XMMUYECKOro cocTaBa OCYLLECTBASNN C UCMO/b30BAHUEM CKaHWUPYHO-
LLLEro 3/IEKTPOHHOro Mnkpockona JSM-5610 LV, ocHalleHHOro CUCTEMOI 3NEKTPOHHO-30HA0BOTO 3Hep-
roAnCrnepcMoHHOro Xxnummnyeckoro aHannsa EDXJED-2201 (JEOL, AAnoHusa) 1 nporpaMMHbIiM obecne-
YEHMEM C BO3MOXKHOCTbIO aBTOMATMYECKOW NAEHTUDMKALMN XapaKTEPUCTUUYECKUX MaKCUMYMOB PEHT-
reHOBCKOr0 W3/ly4YeHUs 3/1eMeHTOB. B COOTBETCTBMM C HOPMATUBHO-TEXHUYECKUMU [OKYMEHTaMu
(CTb EH 13055-1 n CTb EH 14013-1) onpeaensnncb 0OCHOBHbIE CBOMCTBA NONYYEHHbIX MaTEpPVaoB.

Pe3synbTaTbl N X 06Cy>aeHne. Ha nepBom 3Tane nccnefoBaHWs NPOBELEHO M3ydeHue (DU3NKO-
XUMUYECKMX NPOLLECCOB U (ha30BbIX NPeBpalLeHnid Npu HarpeBaHun B UHTepBase 30-1400 °C askcne-
pUMeHTaNbHbIX MOPOA TPeEX BbllleyKa3aHHbIX FOPU30HTOB WU UX BanoBOM Npobbl (puc. 1).

Mo pesynbTaTaM AudpepeHUManbHOW CKaHUpYloLWwen Kanopumetpun (puc. 1) yctaHOBNEHO, 4To
B McCnefyemblx nNpobax rnaykoHUTcogepxXalimx nopos B uHTepsane Temnepatyp 80-145 °C Habnio-
[aloTcs aHAoTepMUYeckme aghekTbl, 06YCNOBNEHHbIE YaaneHneM cBO60AHON 1 (U3NYECKN CBA3AHHOM
BOAbl. IK30TEpMUYUECKNiA 3ththeKT npn 305-410 °C 06ycnoBneH OKMCNEHUEM CTPYKTYpHOro xenesa (1)
1 NepexoAoM ero B TpeXBaneHTHOE COCTOSIHME, a TaKXKe CropaHWeM OpraHM4Yecknx npumMeceid, NpuUcyT-
CTBYHOLWMX B uccnegyemblx npobax. MNpu Temnepatypax 490-540 °C npoMcxoauT yaaneHne KOHCTUTY-
LIMOHHOIA BOAbI N3 CMIOUCTON CTPYKTYPbl TANHUCTBIX U TMAPOCTIOAUCTLIX MUHEPANOB (KaOMHWT, MYy-
CKOBUT, FNayKOHWUT U [p.) U UX Nocnefytollee pasnoxeHue. IHA03(MMEKT B UHTepBane TemnepaTyp
572-578 °C 06bAcHAETCA NONMMOPGHLIM NpeBpaLLeHNeM KBapLa, B MHTepBane TemnepaTtyp 870-910 °C -
npoweccaMu guccoumarmnm kapboHaToB KasbLma U MarHua 1 yganeHmem noHos OH-, NpucyTCTBYHOLLMX
B CTPYKTYpe rnayKoHMTa U IMUHUCTBIX MUHepanos. MNMpu TemnepaTtypax 900-940 °C npoucxogut npo-
Liecc hopMUpOBaHMA KpUCTananyeckoi dasbl (BEPOSATHO, MyNMTA) C BblAeneHneM Tenna. Hayano nnas-
neHmsd, cornacHo KpmebiM ACK, dumkcupyetca npu Temnepatypax Bbiwe 1200 °C, 0 4eM CBUAETENb-
CTBYET HeBONbLUOE CHUXKEHWE BENIMUYNHBI TEMOBOr0 NOTOKA B JaHHOM WMHTepBase Temnepatyp. B cBA3u
C 3TUM Len1ecoo6pasHbIM ABNSETCA BBEAEHWe NaBHA, PO/ib KOTOPOro MOXET BbINONHATL 60/ee nerko-
NNaBKUIA 6asabT, ABAAIOLWMIACA NOME3HBIM NCKOMAeMbIM 3TOTO XXe MECTOPOXKAEHNS, 3a/1eraroLL MM HKe
TPeX ropM30HTOB BCKPbILWHbIX Nopog, [1], ncnonb3yemMblx B JaHHOM uccnefosaHny. [ns 060CHOBaHHOIO
noaxofa K BOrpocy KOPPEKTUPOBKY ChbIpbEBbIX KOMMNO3ULMIA, OCHOBY KOTOPbIX COCTaBAAOT TYronnas-
KWe BCKPbILLUHbIE NOPOAbl (MHAEKCHI NpUBEAEHbI Ha puc. 1), onpeaeneH UX XMMUYECKUIA cOCTaB € UCNOJb-
30BaHMEM 3/IEKTPOHHO-30H0BOI0 SHEPrOANCNEPCMOHHOIO XMMUYECKOTO aHanmn3sa (Tabsn. 2).
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DSC /(pV/mg)

Temperature I1°C

Puc. 1 Kpusble ACK MCXOAHBIX TNayKOHUTCOAEPXaLLMX Nopos v BanoBol npobbl. O603HaYeHMs: B - BEPXHWIA TOPU3OHT
(rnayKkoHUTOBbIE MECKU W aneBpuTbl); BB - BHYTPeHHAS BCKpbIla (FNayKOHUTCOAepXKaluii necok); H - HUXHUIA ropu3oHT
(aneBponuTbl); OB - BanoBas npoba

Fig. 1L DSC curves of initial glauconite-containing rocks and bulk sample. Designations: B - upper horizon (glauconite sands
and silts); BB - internal overburden (glauconite-containing sand); H - lower horizon (siltstones); OB - bulk sample
Ta6nuua 2. XvMudeckuii coctaB Npo6 NOPOLLIKOO6PA3HOr0 MCXOAHOIO Chipbsi

Table 2. Chemical composition of powder samples of raw materials

MaccoBoe cofiepxaHue okcuaos, %
NHpekc npobbl

Sio, A3 T2 FeO cao Mgo K,0 Na,0 MnoO so3
B 70,07 10,04 0,74 14,19 0,74 - 2,74 - - 1,48
BB 75,65 7,63 - 11,97 0,77 1,30 2,22 - - 0,46
H 69,53 9,15 0,65 13,65 1,10 0,76 2,70 1,01 0,41 1,05
0B 74,26 8,28 0,79 9,29 1,21 1,79 1,96 0,34 0,14 1,94

[aHHble N0 XMMUYECKOMY OKCUAHOMY COCTaBY MOPOA KaXK[0ro ropuM3oHTa 1 o6Lein Banosoii npo-
Obl CBUAETENLCTBYIOT O 3HAUUTENILHOM CYMMapHOM COLEepXaHuu Tyronnaskux okengos (Si02+Al120 3,
cocTaBnsawoliem 78,68-83,28 mac.%. Nopofbl Tpex rOpPM3OHTOB MO XMMWUYECKOMY COCTaBy OMU3KW,
a MOCKOMbKY WX CeneKTWBHAasA [00blva He NpeAcTaBAseTCs BO3MOXHOM, Hambonee LenecoobpasHbiM
ABNAETCA U3YUYEHMNE CbIPbEBbIX KOMMO3MLMIA HA OCHOBE MOPO/bl BaNoBOro coctasa (Npoba OB, Ta6n. 2).

YuuTbiBas OMbIT NPeAbIAYLMX UCCNEA0BAHMI NO NOMYYEHUIO TEMIOM30MIALMOHHBIX NOPUCTLIX Ma-
TepuanoB Ha OCHOBE MarmaTtumyeckux nopof [14], ana obecneyeHns Heo6XOAUMbIX (HOPMOBOYHBIX
CBOICTB KepaMUYECKMUX MACC 3KCMEpPUMEHTa/bHbIe ChbIPbEBbIE KOMMO3ULMMN OblAN AOMNOMHEHbI NIErKOo-
MNaBKOA rAVMHOM, 6a3anbTOM, FPAaHUTOUAHLIMKW OTCEBAMU U MbINEBUAHLIMKA OTXOAAaMMW 3M1eKTponna-
BU/IbHOrO npom3BoAcTea ctanu (nbinb MIY), nponssoacTea uemeHTa (Nbinb OML) v n3Bectn (Nbib
OlMKM). Xumu4yecknii COCTaB BbllLeyKa3aHHbIX KOMMOHEHTOB NpeAcTaB/ieH B Tab/. 3, KaYeCTBEHHbIN
COCTaB CbIPbEBbIX KOMMO3ULWIA - B Tabn. 4.

Mo pesynbTaTaM paHee NPOBELEHHBLIX UCCNEA0BAHUMA M3YYEHUS| MOPUCTbIX TEM0U30NSALNOHHBIX
mMaTepunanoB Ha OCHOBe Marmatuyeckux nopog [15] onpegeneHo, YTO ONTUMaNbHbLIM TEMMEPATYPHbIM
nHTepBanoM o6xxura saensetca 1190+ 5 °C. OThopMOBaHHbIE 1 BbICYLLIEHHbIE CbIPLOBbIE FPaHY/bl 3KCne-
PUMEHTaNbHbIX COCTaBOB (Tabn. 4) 6biNn NOABEPrHYThI TEPMMUUECKOl 06paboTKe, 3aTEM OLEHMBANUCH
OCHOBHbIE KpUTepUuasbHble MOKa3aTeNn CBOMCTB - 06beMHas MAOTHOCTb (puUc. 2, a), KOapPULUMEHT BCMy-
ymneaHus (puc. 2, b) n BogonornoweHue (puc. 2, c).
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Tabnn La 3. XnMunYecKuii coctas OOMONMHNTENIbHbIX KOMIMOHEHTOB

Table 3 Chemical composition of additional components

MaccoBoe cofiepykaHe OKCUaoB, %o

KomrioHeHT .

SiO, Al103 CO MO FeC+FeD3 K,04Na,0 THO. PA MO ZnO cra so3 d QO nnn
FnnHa
«JTyKOMTb» 56,00 14,10 5,70 3,10 7,60 4,50 9,00
basanbt 46,11 11,49 5,00 7,87 14,00 4,30 1,74 031 - - - - - - 9,18
"paHnTOMAbI 61,63 14,86 4,38 3,32 8,94 2,52 093 0,35 0,19 - - - - 2,87
Mbinb My 3,12 103 3,82 . 34,42 7,63 - - - 42,24 029 123 263 192 1,67
Mbins OMNL, 496 3,14 37,77 0,26 1,04 29,63 0,25 - - 2,60 - 12,00 - 281 5,54
Mbine OMNMAN 593 168 8517 0,18 0,40 1,76 4,88

Ta6nuua 4. KayeCTBeHHbIe COCTaBbl CbIPbEBbIX KOMMO3ULNIA
Table 4. Qualitative compositions of raw materials
CbIPbEBOI KOMIO3NLWIN
KOMMOHeHTbI Hotvep b2 W
g 2 3 & 5 B' 7 8

Banosasi npo6a nopop Tpex ropusoHToB (OB) + + + + + + +
Jlerkonnaskas ravHa «J1IyKomnb» + + + + + + +
Mopoo6pasoeatens (SiC) + + + + + + +
BasanbT +
paHUTOMAHbIE OTCEBbI +
MblneBnAHbIE 0TXOA4bl CTanennaBuAbLHOro npomssoacTea (Nbinb MIy) - - - + +
MbineBnaHbIE 0TX0A4bI NONYyYeHMs LemeHTa (Nbiib ONLL) - +
MbineBnAHbIE OTXOA4bl NONAYyYeHWs n3BecTH (Nblib OMWN) - - + - - - - -

* CocTasbl No 11 5,4 1 6 oTAanMyaroTca cofepXXaHMeM KOMMOHEHTOB.

KOMMAEKCHbIA aHanu3 nokasarenieil PU3NKO-XMMUYECKNX CBOMCTB M XapaKTepa MOpUCTOCTY SBUCS
OCHOBOW A4/19 BbiGOpa NepCreKTUBHbIX COCTABOB ChIPbEBbLIX KOMMO3MLMIA, NP 3TOM YUUTbIBANCA (hak-
TOP MaKCUMabHOI0 MCMOMb30BaHWSA BCKPLILLHOM NOPOAb!, C O4HOM CTOPOHbI, U 06ecrneyeHns Heobxo-
OUMOI MNAacTUYHOCTU KepaMUYecKoli Macchl, Tpebyemoli Ans ocyLLecTBAeHUs npolecca (popmMoBaHus
CbIPLOBbIX FPaHY/ 3a CYET UCMOJb30BAHUA [fIUHbI, - C APYrON.

OLHOBpPEMEHHO NPOM3BOAMNACH BU3yasbHas OLEHKA COCTOSHUS MOBEPXHOCTU FPaHyN U UX CTPYKTY-
pbl. XapakTepHo, 4To o6pasubl coctaBoB Ne 2, 3 1 5 (Tabn. 4.) UMenn OCTEKNOBAaHHYIO NOBEPXHOCTL U MO-
BbILUEHHY0 0O6BEMHYO MNOTHOCTL; 06pasubl cocTaBa Ne 4 0T/iMYanMCh KPYNHONOPUCTON CTPYKTYPOL
1 HeJOCTAaTOYHOM MPOYHOCTLIO Npu cxkatum (go 1,0 MIMa). AHann3 pe3ynbTaToB OnpefesieHns 06 bEMHOIA
MAOTHOCTU, KO3(PULMEHTa BCNYUNBaHUSA, BOLOMOIIOWEHWS U BU3YaIbHON OLEHKM 3KMEPUMEHTabHbIX

a h c

12 3 456 7 8
Homep cocTasa Homep cocTasa Howmep cocTasa

Puc. 2. MokaszaTtenn 06bEMHON NNOTHOCTK (a), KO3hpULUMeHTa BcnyunaHus (6) 1 BOAONOINOLLEHUSA (C) IKCNEPUMEHTabHbIX
06pa3sLoB TEN0U30NALNOHHbIX MaTePUANOB Ha OCHOBE BCKPbILLHbIX MOPOJ,

Fig. 2. Bulk density (a), swelling coefficient (b) and water absorption (c) of experimental samples of thermal insulation
materials based on overburden
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Puc. 3. MokaszaTenn KoahuumneHTa BCnyumsaHus (a), 06beMHON NAOTHOCTK (6) M BOAOMOTNOLLEHNSA (C) SKCMEPUMEHTANbHbIX
06pasLoB NepcneKTUBHbIX COCTABOB B 3aBUCUMOCTM OT TeMnepaTypbl 06XuUra

Fig. 3. Bulk swelling coefficient (s), density (b) and water absorption (c) of experimental samples of promising compositions,
depending on the annealing temperature

06pa3LoB Nokasas, YTo Hanbosiee NepcnekTUBHLIMU 418 NONYYEHUA NOPUCTBLIX TEMNION30ALMOHHbIX
maTepuanoB ABNAKTCSA cocTaBbl Ne 6, 7 1 8, xapakTepusytoLwuecs npuemeMbiMy NoKasaTenssiMm 0CHOB-
HbIX KpUTEPUaNbHbIX CBOWCTB. Tak, 3Ha4eHUs 06beMHOI NAOTHOCTK 06pa3LoB Ne 6, 7 1 8 COCTaBNAIOT:
689, 685 1 730 Kr/m3; KoaghuumeHTa BcnyumBanus - 2,78, 2,44 n 2,19; sogonornowlenns - 7,32, 1091 8,2 %
COOTBETCTBEHHO.

[na yToOUHEeHMS 1 KOHKpeTU3aLum TeMnepaTypHbIX napameTpoB 06xura, obecneynBatoLux Heob-
XO4MMYIO NOPUCTYIO CTPYKTYPY MPU COXpaHeHUM NnokasaTesiell KputepuanbHbIX CBOWCTB, Gblia npose-
[leHa TepMmuyeckas obpaboTka obpasyos coctaBoB Ne 6, 7 1 8 npu TemnepaTypax 1180, 1190 n 1200 °C
C BbIAEPXXKOW Ha K0 MaKCMManbHOM TemnepaTypHoii akcnosuuun 10 muH (puc. 3).

B pesynbTate NpoBefEHHOr0 3KCMepMMEHTa YCTaHOBMEHO, YTO TemnepaTypa o6paboTkm 1180 °C
ABNSIETCA HeLOCTaTOYHOM, NOCKO/bKY He 06ecrneynBaeT 3aBepLUEHHOCTM MPOLLECCOB MOPO06pa3oBaHms
B 06pasuax u popmMupoBaHMe 0JHOPOAHON CTPYKTYpbl. B CBA3M C 3TUM peKoMeHAyemas TemnepaTypa
06Xura TenaoU30NALNOHHbLIX MOPUCTLIX MaTepUasioB Ha OCHOBE I/1ayKOHUTCOAePXKaLLnX NeckoB 1 anes-
puTOB cocTasnset 1195 + 5 °C, npu KOTOpOM NokasaTenn CBOMCTB U CTPYKTypa MaTepuanoB COOTBET-
CTBYIOT Tpe60BaHMAM HOPMATUBHO-TEXHUYECKOW JOKYMEHTaLNN.

Takum 06pa3oM, N0 KOMMIEKCY TEXHONOTMYECKMX XapaKTepuCcTUK (MNacTMYHOCTb KepaMUyecKoi
Macchl, CMeKaemMoCTb), MoKasaTensM (hPU3NKO-XUMUYECKNX CBOMNCTB U XapaKTepy MOPUCTON CTPYKTYpbI
B KayecTBe OMTMMaNbHOro BblibpaH cocTaB Ne 7 (Tabn. 4). MoMMMO 3TOro NPEMMYLLECTBOM €r0 CbipbeBOIA
KOMMO3ULMKN ABNAETCH BO3MOXHOCTb KOMMIEKCHOr0 MCMO/b30BaHUA HE TOMIbKO MOMYTHbIX MOME3HbIX
McKonaeMbIX HOBOLBOPCKOro MECTOPOXAEHNUS, K KOTOPbIM OTHOCATCA FNayKOHUTCOAEpXaLlne BCKPbILL-
Hble MOpofbl, HO Y OCHOBHOIO MOME3HOr0 UCKONAeMOro 3TOro e MecTOpOXAeHus - H6a3anbTa B Kade-
CTBe NNaBH$, YTO CNOCOOGCTBYET 06Pa30BaHMIO XUAKOW (asbl N aKTUBHOMY MOPO06pa3oBaHM0 Npu no-
NYYEeHUN KepaMUYEeCKUX Tennon3oNALMOHHbIX MaTepranos.

Ha puc. 4 npuBefieHbl N306paxeHNs 060XOKEHHOW rpaHy bl cocTtaBa Ne 7 U pparMeHTOB ee NoBepx-
HOCTW U MonepeyHoro cpesa. CneayeT OTMETUTb, YTO HA YAaCTUYHO OCTEK/IOBaHHOIW MOBEPXHOCTU rpa-
Hynbl (puc. 4, a, b) NpucyTCTBYET 60NbLLIOE KOIMUYECTBO OTKPbITbIX MEIKMX Nop, 4TO obecneynT aare-
310 LLeMEHTHOr0 TeCTa K NOBEPXHOCTU rpaHy U COOTBETCTBEHHO NPOYHOCTL JIerkux 6eToHoB. Ha ¢ho-
Torpadmn cpesa rpaHynbl (puc. 4, €) BUAHO, YTO BHYTPEHHAA CTPYKTypa obpasua XapakTepusyeTcs
[OCTAaTOYHO paBHOMEPHBIM pacnpefesieHneM B 06beMe M30METPUUHBIX MOpP, pa3mepbl KOTOPbLIX MNpenmy-
LwecTtBeHHo coctasnatoT ot 0,05 go 0,5 mm.

Mony4YeHHbI Ha OCHOBE NayKOHUTCOAePXKallMX BCKPbILLHbIX NOPOA NOPUCTLIA 3an0fHUTE/b Hau-
6onee BoCTpe6OBaHHONM (pakunu 10-16 MM XapaKTepu3yeTcsl creaytowmmm nokasatensimm Qusnko-
XUMWYECKNX CBOWCTB: 06bEMHAs MNOTHOCTb - 650-660 Kr/m3; HacbinHas NAOTHOCTb - 420-440 Kr/Md
KO3(p(hMUMeHT BCNyumBaHusA - 2,6-2,8; BogonornowexHne - 7,3-8,1 %; MexaHmyeckas MNPOYHOCTb
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1 10,5 mm

Puc. 4. doTorpadna 060XKeHHOR rpaHynbl (a), pparmeHTOB ee NoBepxHocTK (b) M NonepeyHoro cpesa (c)

Fig. 4. Photo of the annealed granule (a), fragments of its surface (b) and cross-section (c)

npw oxkatum - 2,1-2,3 MMa; KoagpdgumymeHT TennonposogHocTn - 0,085-0,09 BTt/m K; noTepu npu npo-
KanmeaHum - 0,16-0,18 %; rmaponmTmuyeckas CTOMKOCTb - 99,7-99,8 %; XxMMmyeckas yCTOWYMBOCTb
K KOHLEHTPMPOBaHHOW cepHoil knucnote - 98,2-98,5 %, K 20 %-Homy pacTBopy NaOH - 95,4-96,1 %;
yaenbHas aPMeKTUBHAA aKTUBHOCTb €CTECTBEHHbIX PafMOHYKNUA0B - 98-127 BK/Kr, 4TO COOTBETCTBYET
TpeboBaHNAM HOPMATUBHO-TEXHUYECKOW AOKYMEHTaL MKW, NPEeLbABNSAEMbIM K TEMNOU30ALUOHHBLIM M0-
PUCTbIM MaTepunanaM aHaflorMYyHOro HasHaudeHus. B 4acTHOCTU, MOKasaTenn CBOWMCTB LUMPOKO Mpume-
HSEMOr0 B CTPOMTENLCTBE MOPUCTOrO 3ano/IHUTENA NErKUX GETOHOB - KepaM3nTa COCTaBAKT: HAaCbINHas
NAOTHOCTb He 6onee 600-700 Kr/m3; KO3(hMLUMEHT TENNONPOBOAHOCTM He 60nee 0,092-0,130 BT/MK;
BogonoraoweHune - o 20 %; ygenbHas 3h(eKTUBHAA aKTUBHOCTb €CTECTBEHHbIX PaAMOHYKIUAO0B -
300 Bk/kr.

3akntoueHne. PesynbTaTthbl UCCNELOBAHNSA MO UCMNOb30BAHUIO BCKPbILWHBLIX NOpos HoBOABOPCKOro
MecTopoXaeHUs MMHCKOro parioHa BpecTckoil o6nact Ans nonyyeHus Tenaou30NALNOHHbIX MOpK-
CTbIX KepamMmnyecKnx matepmanoB NoATBEPAUIN LeNecoobpa3HOCTb X NPUMEHEHUS B COCTABE CbIPbEBbIX
KOMMO3ULMIA, OCHOBHbIM KOMMOHEHTOM KOTOPbIX AABAAETCA Bas0Bas NOPOLA, COCTOALAS U3 MayKOHUT-
COflepXKalLlMX MEecKoB, a/IeBPUTOB 1 aNeBPONUTOB. B KayecTBe AOMOHUTENbHBIX COCTABASHOLWMX UCMO/b-
3yl0TCS nnacTUgMKaTop - nerkonnaBkas rMvMHa, NnaBeHb - 6asanbT M NopoobpasoBaTenb - Kapbupg
KpeMHus. PalMoHanbHOe cOoYeTaHue yKa3aHHbIX KOMMOHEHTOB 0becrneynBaeT He0bXo4umyto hopmo-
BOYHYH CMOCOBGHOCTb KEPaMUYECKMX MacC M KOMMAEKC DU3NKO-XMMUYECKUX CBOWCTB rpaHyMpoBaH-
HOrO TENJI0U30/1ALMOHHOI0 MaTepuana. O6afas BbllLENepeunCcIeHHbIMI CBOCTBaMM, pa3paboTaHHbIi
Ha OCHOBE IN1IayKOHUTCOAEPXaLluX BCKPbILLHbIX MOPOA NOPUCTBLIA MaTepuan MOXeT UCMO0/b30BaThCA
He TO/IbKO B KauecTBe 3amo/IHNTENs IETKMX GETOHOB U TeMON30ALUNOHHBIX 6/10KOB, HO U B Ka4ecTBe
TENM0M30ALNOHHBIX 3aCbIMOK, OCHOBaHUIA B JOPOXHOM CTPOUTE/NLCTBE, 6NaroyCcTponcTBe 06bEKTOB
4aCTHOro JOMOCTPOEHMA, TEMNO- U 3BYKOU30ALUU MOJIOB U NEPEKPLITMIA.

Takum 06pa3omM, NOMyTHbIE MOME3Hble UCKONaeMble HOBOABOPCKOIO MECTOPOXAEHUS, K KOTOPbIM
OTHOCSITCA BCKPbILWHbIE NMOPOAbI - FNayKOHUTCOAEPXKALLME NECKW, aNeBPUTbI 1 aleBPOAUTHI, ABAAKOTCA
npueMneMbiM 6e/IOPYCCKUM ChIpbeM A8 MOMYYEHUS KEPaMUYECKMX MOPUCTbIX TEMIOU30AALMOHHBIX
maTepuanoB. PesynbTaTbl MCCMEAOBaHWI MOFYT CAYXUTb PEeKOMeHAauueid Ans KOMMIEKCHOro mac-
WTabHOro MCMoJb30BaHNs Kak OCHOBHbIX, TaK U MOMYTHbIX MOE3HbIX MCKOMAeMbIX NMPW NPOMbILLIEH-
HO pa3paboTke HOBOABOPCKOro MecTopoXAeHus 6a3anbToB M Ty(hoB, YTO BHECET OMNpeAeNeHHbIN
BKNaj B pacllMpeHne MUHepabHO-CbipbeBOl 6a3bl Pecny6nmku benapych W ynydllieHne 3Konorunye-
CKOI CMTyaLMm 3TOro pernoHa.
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