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AHHOTALUMUA

BeeaeHune. Co3anaHne 6e30TX0AHbIX TEXHOMOMMI NPOM3BOACTBA Mario3HEProeMKMX CTPOUTENbHbBIX MaTepyanos v U34enui
C BOBIIEYEHVEM B MOBTOPHYIO NepepaboTKy BTOPUYHBIX ChbIPbEBLIX PECYPCOB SBMSETCS OOHUM U3 MPUOPUTETHBLIX HanpaBs-
NEeHWIA pa3BUTUSI SKOHOMUKI GonbLUMHCTBA CTpaH. B CBA3W € 9TUM akTyanbHOW SBnsieTca 3ajada pa3paboTkm KOHKYPEHTO-
CNOCOGHbIX BSBKYLLMX BELECTB HAa ocHoBe dpoccporunca (PI) c fobaBneHMem ruapatHon U3BECTU NMyTEM NPOEKTUPOBaHMS
pauMoHanbHbIX COCTaBOB (hOCKHOrNNCO-M3BECTKOBBIX KOMMO3ULIMIA, TBEPAECIOLLMX MO CMELLAHHOMY TUy.

Matepuanbi u meToabl. B kauecTBe BTOpUYHOro cynbdarcogepallero Cbipbsi UCNonb3oBanu oteanbHein ®IT npegnpus-
1 OO0 «TuTaHOBbIE UHBECTULMWY, . ApMSIHCK. [MapaTHY0 M3BECTb AN UCCNegoBaHMIM Nofyyany nyTem ralleHmst KoMo-
BOW M3BECTU, MPOM3BOANMON B LUAXTHbIX Nevax n3sectkoBoro uexa AO «KpbIMCkuii cogoBbIv 3aBOA», . KpacHonepekonck.
AHanua MuHepanoruyeckoro coctasa ®I" 1 UCKYCCTBEHHOIO KaMHSl Ha ero OCHOBE MPOBOAUMN C MOMOLLbI0 CUHXPOHHOTO
TG-DTA/DSC Tepmunyeckoro aHanu3a Ha aHanuaatope STA 8000 (Perkin Elmer). QucnepcHbin coctaB ®I" 1 rugpaTtHon
M3BECTU yCTaHaBMNMBanu METOAOM Ma3epHor Andpakumm Ha fasepHOM aHanusatope pa3mepoB yvacTuy Partica LA-960
(Horiba). OnpeneneHve MexaHN4YecKMX XapakTEPUCTUK OMbITHbIX OOPa3LOB BbIMOMHSANM Ha Gas3e KOHCOMMW yrnpaBreHust
MCCS8 (Controls).

Pesynbratbl. Pe3ynsrarthl pa3paboTku COCTaBOB Ha OCHOBE (hOCOrnmnco-M3BECTKOBLIX KOMMO3ULIMIA Nokasanu, Y4To nocre
NPUHYAWUTENBHON KapboHU3aUMKN AaHHbIX cocTaBoB B TedeHue 180 MuH B Bo3ayLlHO-ra3oBow cpege ¢ 50 %-HON KOHLEH-
Tpaumeit CO, MOXHO MOMy4nTb BOAOCTOVKMIA KaMEHHbIV MaTtepuarn (Kp 0,78-0,8) ¢ npoyHoCTbIO Npu cxatum 28-32 Mla,
cpenHen nnotHocTbio 1750—1780 kr/m® 1 BogonornoLeHnem no macce n 06bemy 11-15 n 19-26 % cooTBETCTBEHHO.
BbiBoabl. BeposATHO, AononHMTENbHasi ONTMMM3auMst YCIIOBMIA NofyyeHus obpasuoB (4aBreHue npeccoBaHuvsl, BOAO-
cofiepxaHue cMecy, BBeleHUe 3anonHUTens), pexumMa NpUHyaMTenbHOro kapboHaTHOrO TBepAeHWs (Bpemsi TBepAeHus,
koHueHTpauusa CO,) No3BoONMT elle NoBbLICUTL UCCIeLyeMble CBOMCTBA MOSy4aeMoro KameHHoro matepuana. MonyyerHsle
3KCMepUMeHTarnbHble AaHHbIE NO3BONSAIOT NPEANONOXUTL, YTO HA OCHOBE NPEAaraeMoro BXyLLEro BO3MOXHO NPOV3BOA-
CTBO OnpeAeneHHoN HOMEHKNAaTypbl MEMKOLUTYYHbIX CTEHOBbIX U3ENuii C y4eTOM NPOBeAeHUs! AOMOMHUTENbHBIX HayYHbIX
nccnegoBaHui B 3To 06nacTu.

KNKOYEBBIE CINOBA: cocdorunc, rugpatHas usBecTb, NpUHyanTenbHas kapboHu3aumsl, CMeLaHHoe TBepAEHUE, NPoY-
HOCTb, BOAOCTOMKOCTb
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ABSTRACT

Introduction. Creation of waste-free technologies for production of low-energy building materials and products involving
recycling of secondary raw materials is one of the priority areas of economic development in most countries. In this regard,
the urgent task is to develop competitive binders based on phosphogypsum with the addition of hydrated lime by designing
rational compositions of phosphogypsum-lime compositions hardening by mixed type.

Materials and methods. Waste phosphogypsum from Titanium Investments LLC, Armyansk, was used as a secondary
sulfate-containing raw material. Hydrated lime for research was obtained by slaking lump lime produced in shaft furnaces
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of the lime workshop of Crimean Soda Plant JSC, Krasnoperekopsk. Analysis of the mineralogical composition of phos-
phogypsum and artificial stone based on it was carried out using synchronous TG-DTA/DSC thermal analysis on an STA
8000 analyzer (Perkin Elmer). The dispersed composition of phosphogypsum and hydrated lime was determined by laser
diffraction using a Partica LA-960 laser particle size analyzer (Horiba). The determination of the mechanical characteristics
of the prototypes was carried out on the basis of the MCC8 control console (Controls).

Results. The results of the development of compositions based on phosphogypsum-lime compositions showed that after
forced carbonization of these compositions for 180 minutes in an air-gas environment with a 50 % CO, concentration, it is
possible to obtain a water-resistant stone material (K, 0.78-0.8) with strength at compression 28-32 MPa, average density
1,750-1,780 kg/m?® and water absorption by mass and volume of 11-15 and 19-26 %, respectively.

Conclusions. Probably, additional optimization of the conditions of obtaining samples (pressure, water content of the mix-
ture, introduction of filler), the regime of forced carbonate hardening (hardening time, CO, concentration) will further improve
the studied properties of the resulting stone material. The obtained experimental data suggest that, based on the proposed
binder, it is possible to produce a certain range of small-piece wall products, taking into account additional scientific research
in this area.
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BBEJIEHUE

B ycnoBusix pe3koro pocra HeCTaOMILHOCTH B MH-
pOBOﬁ OKOHOMUKE U YCUJICHUSA IPHU3HAKOB UCTOIICHUS
MIEpBUYHBIX MPUPOJHBIX PECYPCOB BCe OoJiee OTUETIIHN-
BO 3BYYHT IPHU3BIB MEXXIYHAPOAHBIX MPO(UIBHEIX Be-
JIOMCTB K HOBOH 3KOHOMHUECKOH Mozaenu. B nponecce
9BOJIIOIUH U AWBEPCU(PHUKALNN MPOMBIIUICHHAS KO-
HOMHMKA MPAKTUYCCKU HUKOTIa HC BbIXOAWJIA 3a paMKH
OJIHOM OCHOBHOM XapaKTepHOH 4epThl, IPHOOPETEHHON
€I0 Ha 3ape MHIYCTpUAIH3AIUU: JTMHEHHON Moaenn
NoTpebIeHNsT IPUPOTHBIX PECYpPCOB, KOTOPas CIEAYET
npuHOumy «take — make — waste» (co3maTb — UCTIONb-
30BaTh — YTHIN3UPOBATh). OHAKO TaKas IMHEHHAS MO-
JIeTb IPOU3BOACTBA U MOTPEOICHUS B UTOTE MIPUBENIa
K 3KOJIOTMYE€CKHUM U KIIMMAaTU4YCCKUM np06neMaM B pe-
THOHAJIBHOM M MUPOBOM Maciitabax. OTka3 oT JTHHEH-
HBIX PUHIIMTIOB XO3STHCTBOBAHMS HAPSLy C IeKapOOHU-
3a1ielt MPOMBIIINICHHOTO U SHEPTETHIECKOTO CEKTOPOB
SKOHOMHUKH CIIY’)KHT OJHUM W3 TJIABHBIX (haKTOPOB,
OTpENEeAIOINX HalpaBieHne TpaHCHOPMalUU HBI-
HEIIHeH SKOHOMUKH, KOTOpast I0JKHA CTaTh HKOJIOTHYe-
CKHM yCTOWYMBOM M YKJIaIbIBAIOLIEHCSI B MaTepHalIbHbIC
paMKH, CyIecTBYIOIINE HA HalleHl TianeTe. B naHHOM
KOHTEKCTE CJIEIYyeT IMOMYEPKHYTh 0COOYIO pOJIb TPO-
MBIIIJICHHOCTH CTPOUTENBHBIX MaTEPUAJIOB U U3JICTIHH
Kak Hamboee MaTepuaJIoeMKOll Cpeau APYyTruxX oTpac-
Jeil mo o0beMy W pasHOOOpa3uio MOTpPeOCHUs pe-
CYpPCOB KaK COOCTBEHHOH, TaK M LEJIOro psjaa APYrHx
oTpaciei, ¥ ONpeneIIsIonel TeKyIee COCTOSIHAE KO-
HOMHKH U TOTEHIHaNI ee pa3BuTHs. COOTBETCTBEHHO,
co3ZiaHue 0E30TXOAHBIX TEXHOJIOTUII MPONU3BO/ICTBA Ma-
JIOOHEPIrOCMKUX CTPOUTEIIBHBIX MaTEPUAIOB U I/I3)I€J'II/II71
C BOBJICYEHHEM B [IOBTOPHYIO I1epepaboTKy BTOPHYHBIX
CBIPBEBBIX PECYPCOB, B TOM YHCIIE Ta3000pa3HBIX, SIB-
JSIETCS] OIHUM 13 MIPUOPHUTETHBIX HATIPaBJICHUH pa3BU-
THSI 5KOHOMHKH OOJBIIMHCTBA PAa3BUBAIONINXCS CTPaH.
Taxoif moaxo 00ycaBINBaeT PeaIn3ainio cpasy ABYX
MPUHIUIIOB PAlMOHATBHOTO MPHUPOAOIOIH30BAHMS:
1) mpoucxoauT BOBICUEHHUE B TPOU3BOACTBEHHBIH IIHKII
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BTOPUYHBIX CHIPHEBBIX PECYPCOB, HAXOSIIUXCS B OTBA-
Jax NpeANpUsITHIA; 2) mepepaboTka ATOro BTOPUYHOTO
ChIpbs B OITIPEACIICHHBIC LEJIEBBIC MPOAYKTHI HE COIIPA-
KeHa ¢ BBIOPOCAMHM YIJIEKUCIIOTO Ta3a B arMocdepy,
a Tak)Ke MpeanoiaracT UCTIOIb30BAHNE TEXHOTEHHOTO
CO, B KauecTBE CHIPLEBOTO KOMIIOHEHTA C IIEPEBOJIOM
€r0 B TCPMOAMHAMHUYECCKHU CTaOUIIBLHBIE COCIUHCHMUA,
oOagaronye BSOKYIIUME CBOHCTBAMU U CTIOCOOCTBYIO-
IIHe TIOBBIIICHAIO, HATPUMED, MEXaHUIECKIX U THIPO-
(hM3UIECKIX CBOMCTB MOMYYCHHBIX MAaTCPHAIIOB.

Ha coBpeMeHHOM dTare pa3BUTHS IIPOMBITILICH-
HOE MPOM3BOJICTBO OOJIBIIMHCTBA CTPOUTEIBHBIX Ma-
TEPHUAJIOB U W3/EIUI CBS3aHO C BHICOKOTEMIIEPATYp-
HBIMHU TEXHOJOTUYCCKHUMHU TpolHcCcCaMu, KOTOPLIC
B CBOIO 0Yepe/lb CIyKaT UCTOYHMKaMu Bbiopocos CO,
WU TIPU CKUTAHUHM TOIUTMBA, FUIM TPHU BBIACICHUU
CO, n3 CBIPbEBBIX KOMIIOHEHTOB B MPOIECCE UX 00-
JKUTA, a TAKKE HAKIIAIBIBAHUYU YKa3aHHBIX MPOIIECCOB
IpyT Ha aApyra. [Ipu 3TOM B KauecTBE UCXOAHOTO CHIPhSI
B [IPOM3BOICTBEHHBIX TEXHOJIOTHSIX, KaK IPaBHIIO, UC-
MOJIB3YIOT IMEPBUYHOEC MPUPOAHOC MUHEPAJIIBHOE ChI-
pbe, a IPUMEHEHHUE U NepepadoTKa BTOPUYHOTO ChIPHS,
CIOCOOHOTO 3aMEHUTH IMPUPOTHOE CHIphE Oe3 yXy/rie-
HUS KadecTBa KOHEYHOTO MPOAYKTa, Pa3BUTO ciado.
Cymmapnoe komvecteennoe Boienenne CO, B Tex-
HOJIOTHYECKOHN IETH «CBHIPhE — MAaTCPUAITBI — U3IACIIHUS
UCIIOJIB3YETCSl B pacueTe TaKk Ha3bIBAEMOTO «YTJIEPOI-
HOTO ClIe[]ay Pa3JInYHbIX MaTepuasoB. EcrecTBeHHO,
uem Huke smuccnst CO, py NPOU3BOICTBE ONPEENCH-
HOTO MaTepuaja, TeM 0ojee «yIrIepOoATIO3UTHBHBIM
CYUTAETCS MOJYyUYEHHBIN KOHEUHBIM NpoayKT. Takum
00pa3oM, 7S TOTY9IEeHUST MaTEPHUAIOB ¢ HU3KOW AMIIC-
cuen CO2 B OCHOBHOM HEOOXOIMMO JIMOO MCKIIIOYaTh
BBICOKOTEMIIEPATyPHBIE TEXHOJOIMUECKUE MPOIIECChI,
100 ONTUMHU3UPOBATh MCXOIHBIH CHIPEBOM COCTaB
JUIsl UX TIPOM3BOJICTBA, B TOM YHCJIE YE€PE3 UCIIOIb30Ba-
HUE€ BTOPUYHOTO ChIPbA, MOAXOAAMIETO IO XUMUYCCKO-
My ¥ MHHEPAJIOTHYECKOMY COCTaBaM JIIsl IPOU3BOJICTBA
KOHKPETHOTO MPOIyKTa. TakKe BOZMOKHO MPHUMEHATH
CBIPBEBBIE COCTABBl, HHTEHCHBHOE TBEPJCHHE KOTOPHIX
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MIPOMCXO/IUT 33 CUET B3aUMOJICHCTBUSI C Ta3000pa3HbIM
CO, 1 nepeBoIoM €ro B CTaOWIIbHBIE, TEPMOIMHAMHYE-
CKH YCTOHUYMBBIC COEIMHEHNUS, 00TaIaoNINe BOKYIIH-
MH CBOMCTBAaMH, T.€. HCIIONB30BaTh TeXHOTeHHbIH CO,
B Ka4€CTBE CHIPHEBOTO KOMITOHEHTA, 00y CIIaBIMBaIOIIIe-
TO MPOILECCHl TBEPJCHHUS OTPEICIICHHBIX HEOpTraH1ye-
CKHX BEIIIECTB.

IlepcrieKTUBHBIMH C TaKOW KOMILJIEKCHOW TOY-
KM 3peHHS SIBIISIIOTCS, HAIIPUMEp, BSDKYIIME BEIIECTBA
Ha ocHoBe (ocorurnca (OPI') u ruapaTHON HU3BECTH.
®docdorumnc B oTBanax NpeanpusATHA B OOIBIIOM KO-
JINYECTBE HAKOIUIEH Ha TeppuTopun Poccuiickoil ®e-
nepanun. B wactHocTH, Ha TeppuTopun PecnyGnuku
Kpsim 3a niepuos padotst ¢ 1971 1. 1o Hacrosiiee Bpe-
Ms Ha npeanpuatuu KpsIMCKOro rocyaapcTBEHHOTO
npousBosacTBeHHOro o0bequHeHns « TUTAH» (KI'TIO
«TUTAH»), a B nocaenyromem OOO «TutanoBbie UH-
BECTUIIN», I. APMSHCK, B OTBaJIaX HAKOILICHO TOPsAKa
22 muH T @I TlepepaboTka 1aHHOTO BHJIa BTOPHYHOTO
CBIPbsI HE IPOU3BOJUTCSA, U IPOUCXOAUT €T0 IIIaHOMEP-
HOE HAaKOIUICHHE B OTBAJIAX MPEIIPHITHSL.

docdorurc — npoMBIIIICHHbBII 0TX0J, 00pasyro-
IIUIACS TP MOKPOM TIpoIiecce Mpou3BoacTBa hochop-
HO# kucnothl [1]. [TocTOSTHHBIH POCT TIPOU3BOJACTBA
dbochopHBIX ynoOpeHuid 3a mocaeHue NeCITUICTUS
IIPHUBEN K PE3KOMY pocTy BbIOpocoB ®PI' Bo MHOTrHX
cTpaHax mupa [2]. B cpeareM U3 KakJo¥ TOHHBI TIPO-
n3BesieHHO pocdopHoil kucioTsl oopasyercs 4,5-5 T
@I [3, 4]. B PD exeronno obpasyercst 15 man T O,
U Macca OTXOJOB B HAKOIUTEISAX MPOMBIIIICHHBIX
npeanpusTuil npessimaet 400 mutH T [5]. Hakorien-
Hblil @' IpeuMyIECTBEHHO XPaHUTCSI Ha OTKPBITOM
BO3JyXe, 3aHNMast MHOTO 3eMi. [1o xuMuueckomy co-
CTaBy OH aHAJOTUYCH IPUPOJHOMY THUIICY U Ha JIOIIO
CaSO,2H,0 npuxonurcs 6onee 90 %, HO BpeaHbIE
npumecu B @I, Takue kak pacTBopuMEIii pocop, pac-
TBOPUMEIN (hTOP, IBTEKTHUECKUH (pocdop, a Takxke
CJIeI0BbIE KOJMYECTBA TSKENBIX METAJUIOB M pauo-
HYKJIH/IbI, BEI3BIBAIOT SKOJIOTHYECKHE TPOOIEeMBl — 3a-
IpA3HEHUE BO3AyXa, BOABI U TOYBHI [0, 7]. [Ipu sToM
©)KETOJIHbIM KOMIUIEKCHBIH KOO (UIIMEHT HCIOIb30Ba-
Hus OI" cocrasnsier Bcero okoso 10 %, a npumense-
MBbI€ TEXHOJIOTHH U IIPOLIECCHI HE PA3BUTHI HOJIHOLEHHO
[8,9].

B nacrosiee BpeMst TpeMsi OCHOBHBIMH HallpaBlie-
HUSAMH HCIOIb30BaHusA DI ABIIOTCS CENbCKOE XO3s1H-
CTBO, XMMHUYECKasi IPOMBIIUIEHHOCTh U MTPOU3BOJICTBO
crpoutenbHbix MarepuaioB [10]. [Ipumenenne OI
B CTPOUTENBHBIX MaTepHajax MOJydHI0 HanOobIIee
pacrpocTpaHeHHe BBUY MIMPOKOTO HCIOIb30BAHUS
THIICOBBIX MarepranoB. OCHOBHbBIE HAIIPABICHUS pa3-
pabotox npumenenns O cBsA3aHBI ¢ TPATUIIMOHHBIMA
HanpaBJICHUSIMU HCITIOIB30BAHUS CTPOUTEIHLHOTO THIICa
B KaueCcTBE BO3MOXHOMU 3aMeHBbI nocneanero. Hampu-
Mep, BEAYTCS UCCIEAOBAHUSA IO MCHOAb30BaHU0 OI'
B KaueCTBE 3aMEJINTENs CXBAaThIBaHUA IieMeHTa [11-
13], asst mpou3BoACTBa TUIICOKapToHa [14], mmaxie-
BOK M Kpackw [15], TOpOKHOTO CTPOUTENHCTBA H CO3-

JaHUsl OMTYMOMHUHEpaIbHBIX Kommo3uuui [16, 17].
Kaxk nokazanu uccienoBanusi, NpsiMoe UCIOJIb30BaHUE
@I B KaueCTBE 3aMEJIMTENS CXBAThIBAHUS 3aTPYIHEHO
n3-3a BpeAHbIX npumeceii. Tak, pactBopumsiii pochop
U PacTBOPHUMEIH (rop, mpucyrcrByromue B @I, pearu-
pytor ¢ Ca(OH),, oGpasyromumcs TIpu THAPATAIAH 11~
MEHTAa, U, B CBOKO 0uepeib, 00pa3yroT ocaaku (ocdara
KaJbIHs U PTOpUIA KAJTbIHS. DTH OCAJKH TOKPBIBAFOT
MMOBEPXHOCTb YACTULl LIEMEHTA, TEM CaMbIM OI'PaHUYH-
Basl THJIPATAIINIO IIEMEHTA M MPUBOIS K YXYALICHUIO Xa-
PaKTEepUCTHK [IEMEHTa, TAKUM KaK yYBeJIHUeHUEe BpEeMEHU
CXBaTBIBaHUS W HU3Kas HadajbHas mpodHocTs [11]. ITo-
aToMYy JiIsl ucrionb3oBaHust OI' B kauecTBe 3aMeIUTENS
CXBaTBIBaHHUS IIEMEHTA HEOOXOIMMA €0 MPEIBAPUTECITH-
Hast 00paboTKa, KOTOpas BKIIOYAET MPOMBIBKY BOJOM,
(broTaruro, MapoBy0 MEIBHUITY U TpokanuBaHue [ 18].
Ha OAO «I'oMenbCKkHii XMMHYECKHAH 3aBO JJIST CBSI3bI-
BaHus npumecel nonyruapara @I’ npeaycMoTpeH BBOJ
HEUTPaM3YIOIIETo peareHTa — MOPOIIKO0Opa3HOH I'H-
nparHoit uzectu [19]. TlokazaHo, 4To BO BpeMsi XpaHe-
HUsl HeWTpan3oBaHHoro nonyrugpara @I npoucxoaur
CBSI3bIBAHKE BOJIOPACTBOPUMBIX (HOCHOPHBIX U PTOPH-
cThix coeannenuit. K 14 cyTkam Bce BOIOpacTBOPUMBIE
(hocdarsl IepexoAT B TpeX3aMeIIeHHbIH (hocdar Kab-
1ust. [TosHOTO CBSI3BIBAHMS BOJOPACTBOPUMBIX (PTOPH-
JIOB HE MPOUCXOAMT, HO B HECKOJIBKO Pa3 CHIKAETCS
ux conepxkanne. [Ipn xpanernn B Oyprax MPOUCXOIAUT
POCT MPOYHOCTU HEUTPATM30BAaHHOTO noyruapara OI°
M ero CBOWCTBA NMPHOIMKAIOTCS K CBOMCTBAM IPUPOJI-
HOT'O Tulica. YCTaHOBJIEHO, YTO JUHAMMKA TBEPICHUS
IIEMEHTOB C HCIIOJIb30BAHHEM B Kau€CTBE T'HIICOBOTO
KOMITOHEHTa UCKYCCTBEHHOTO KaMHs Ha OCHOBE HEM-
TPaTU30BaHHOTO MOXyTuApara Gochorurca He OTINYA-
€TCsI OT TAaKOBOM JJIS IIEMEHTOB Ha OCHOBE MPHUPOIHOTO
TUICOBOTrO KaMHS KaK M0 CKOPOCTU TUApaTallil OCHOB-
HBIX KJIMHKEPHBIX MUHEPAJIOB, TaK U II0 00pa30BaHUIO
THpaTa OKCHJIA KaJIbIU U STTPUHTHUTA.

IToMuMO yKa3aHHBIX HAIPaBJICHUM, B MOCIEIHHE
TOABI BEAYTCS Pa3padOTKH IO M3TOTOBICHUIO CTEHO-
BBIX MaTepPHaJIOB (KUPIHUYEH, OJIOKOB, MIIUTKN) C 10OaB-
kot i Ha ocHoBe @I Jlerkue miInMThl U3rOTaBIUBAIH
n3 cmecu @I U eMeHTa, 30Jbl YHOCA U CTEKIJIOBOJIOK-
Ha [20]. bbuto yCTaHOBIEHO, YTO ONTUMATBLHOE KOIHYe-
ctBO @I B chIpheBOi cMecu cocTaBiseT S5 %. [1pu yBe-
nuueHun coxaepxkanusst @I TpoyHOCTH NpU CIKATUHU
CHIDKACTCS.

B pa6ote [21] mpencTaBieHBI HCCICIOBAHUS
o npuMeHeHuto @I 11 MPOU3BOICTBA 000XIKECHHBIX
MyCTOTENBIX KepaMuuecKux kuprnuuei. Pocdorurmc
BBOJIMJIU B PA3IMYHBIX MacCOBBIX 10X (0T 5 710 40 %)
B KayeCTBE 3aMEHbl II€CKa B pELENType KUpIuya.
ITpu coxepxanuu O 1o 30 % mac. pU3HKO-MEXaHH-
YeCKHe CBOWMCTBA KUPIUYEH yIOBIETBOPSUIN HOPMATUB-
HBIM TpeOOBaHMAM, HalbHEHIIEe YBETHUECHUE KOINYe-
ctBa OI' NpUBOIUT K CHU>KEHUIO IIPOYHOCTU KUPIIHUYEH.
W3y4eHo M3roToBlieHnE HEOOOMXKEHHBIX KHUPIHUYEH
n3 @I metonoM rujaparaquu-nepeKpucTaiin3zauuu
[22, 23]. OnpeneneHo, 9T0 ONTUMAIBHBIM COICPIKAHHU-
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€M KOMIIOHEHTOB cMmecu sBisiercs 75,0 % @I, 19,5 %
peunoro necka, 4,0 % noptinanauementa u 1,5 % ra-
IIICHOM M3BECTH, & COOTBETCTBYIOIIHE TIPEEIT TPOTHO-
CTHU IIPU CKATHUH, BOJOHACBIIIECHHOM CXAaTUW U I/ISFI/I6C
KUpIUYa B UCXOJHOM COCTOSIHUU COCTaBIAOT 21,8,
13,71 5,2 MIla.

Ha 6a3e BopoHeKCKOro rocy1apcTBEHHOTO apXH-
TEKTYPHO-CTPOMTEIILHOTO YHUBEpCUTETa pazpaboTaHa
0e300kUToBasT TEXHOJOTHS MOJYICHUS MEITKOIITY Y-
HbIX CTCHOBBIX MAaT€pUaAJIOB HA JIMHUH MPOU3BOACTBA
cuMKaTHOro kupnuya [24]. CelpbeBasi cMech COCTOsUIA
n3 10 % neramenoit uzsectu, 60 % @I u 30 % cynecn
MecyaHoro kapbepa. Takum oOpa3oM mosydanu 0I1o-
KM CO CJICIYIOUUMH XapaKTePUCTUKAMU: MPOYHOCTH
npu cxxatu — 3 MIla, mmotaHocts — 1700 kr/™M3, Bo-
nomnononienre — 23 %.

[IpoBeneHHbII nUTEpaTypHBIH 0030p MmoKasal,
YTO KPYIMTHOTOHHAKHOTO MPOU3BOJICTBA BSIKYIINX Be-
IIECTB MJIM CTPOUTENIBHBIX U3ENNI, OCHOBOW KOTOPBIX
aBisiicst 01 DI, He cymiecTByeT, a UMEIOLIMECs Ha-
MIpaBJICHUS HAyYHBIX MCCICIOBAHUHA B OONBITNHCTBE
cBoeM ompeaensioT poib @I kak 100aBKU B cucTeMax
Ha OCHOBE NOpTIaHALIeMeHTa. VCKIIIOYeHneM MOTyT
OBITE Tpynbl [22—24], B KOTOPBIX OCHOBOW KOMITO3H-
[UOHHBIX BOXKyIHX sBsiercs DI, oqHako mokasarenn
MIPOYHOCTH, BOAOIIONJIONIEHUSI U B OCOOCHHOCTH BOJIO-
CTOWKOCTH MaTepuaia MOTyIeHHBIX U3ICTHi TpeOyroT
KOJIMYECTBEHHOTO YIIydIIeHHs. B kadecTBe Kimaccude-
CKHX BapUaHTOB YJIy4YILICHHE MapaMeTPOB yKa3aHHbBIX
CBOWCTB, B 0COOCHHOCTH THAPOPH3TICCKUX, BO3MOKHO
nmyTeM TuapodoOu3anuy u3neanii; BBEIeHUS B ChIphe-
BYIO CMECh MOJAM(DHUIUPYIOIIHNX J00aBOK, CIIOCOOCTBY-
FOIIHX TOBBIICHAUIO TIOTHOCTH MaTepHala; CHIKCHUS
BOJIOTIOTJIONICHHUS, & COOTBETCTBEHHO M CHIDKEHUS pac-
TBOPMMOCTH JHTHApaTa cyib(ara KaJlblus, 32 CYET
HAIPaBICHHOTO (POPMHUPOBAHUS HEPACTBOPUMBIX CO-
€IMHEHNH Ha TOBEPXHOCTH PACTBOPUMBIX KPUCTAIIIOB
CaSO,-2H,0. AKTyalbHO C OTOW TOYKHM 3PEHUS HC-
TI0JIb30BaHKME TEXHOTEHHOTo razoobpasnoro CO, B Ka-
YeCTBE CHIPHEBOTO KOMIIOHEHTA, 00yCIaBIMBAIOIIETO
MPOIECChl KAPOOHATHOTO TBEPJEHUS OINPEEICHHbIX
HEOPraHWYEeCKHUX BEIECTB (HApUMep, FHIPaTHON 13-
BECTH) B KOMITO3UIIMOHHOM BSDKyIIeM Ha ocHoBe DI
YTO B KOHEYHOM HTOTE OyJeT CrIocOoOCTBOBATh MONTyUe-
HUIO ITPOYHOTO ¥ BOJOCTOMKOrO KAMEHHOTO MaTepuaa
U CTPOUTENFHBIX U3/ICNTHI1 HAa €TO OCHOBE.

Takum o0Opa3zom, @I" sBiIsICTCSA OMHUM U3 ONTH-
MaJIbHBIX BTOPUYHBIX MaTCPUATbHBIX PECYPCOB, MPH-
MEHEHHE KOTOPOTO COBMECTHO C THAPATHON U3BECTHIO
1 TexHoreHHbiM CO, B KOMIIEKCE OyAET CIOCO0-
CTBOBaTh CHIKEHHIO YKOJIOTHYECKON HArpy3KH U I0-
TYYSeHUI0 MaJOIHEPTOEMKOTO BSDKYIIETO BEIIECTBA
U CTPOUTCIIbHBIX I/ISJICJ'[I/Iﬁ Ha €ro OCHOBEC C HHU3KUM
YIIIEPOIHBIM CIIEZIOM.

Henp uccnenoBanns — paspadoTka pocdorurco-
M3BECTKOBOTO BSKYIIIETO, TBEPACIOIIETO 10 CMEIIIAHHO-
MY THILY, ¥ H3y4eHue 3 PEeKTHBHOCTH OJIHOBPEMEHHOTO
MPOTEKaHMs B CUCTEME JBYX THUIIOB TBEPICHUSI — TH-
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JpaTallioOHHOTO U KapOOHATHOTO UL Cynb(aTcoaepxa-
IIEr0 M M3BECTKOBOIO KOMIIOHEHTOB CHIPEEBON CMECH
coorBeTcTBeHHO. OCHOBHAs 3ajja4a Ha JaHHOM dTare
HCCJIEIOBAHUM — yCTAHOBJIEHUE NPUHLUNHNAIBHOU
BO3MOXKHOCTH IPOTEKAHHs B MCCICAYEMOIl CHCTeMe
JIBYX THIIOB TBEPACHUS, B 0COOCHHOCTH KapOOHATHOTO
JUIA FPI):[paTHOfI H3BECTU, ITOCPCACTBOM YCTAHOBJIICHUSA
3 (heKTUBHOCTH YIyUIIEHUS MEXaHHIECKUX U B 0CO-
OeHHOCTH THUIPOPU3NUECKUX CBOICTB MaTepuaia
B 3aBUCUMOCTHU OT KaQ4YE€CTBCHHOI'O MPOTCKAHUA XUMU-
YeCKOM peaknuy KapOOHHU3AIMU H3BECTKOBOTO KOMIIO-
HeHTa pa3pabaTblBaeMOro BSKYIIIETO.

MATEPHUAJIBI I METO/bI

B kagecTBe BTOPHYHOTO Cynb(haTcomepIKaIiero
CBIPBSl MCITONIB30BaNM OoTBaNbHBI PI' mpeanpustus
00O «TuraHOBBIE HHBECTHLIUNY, I. APMSHCK, KOTOPBIH
MOJTy4aloT B MpoIecce nepepaboTKH anmaTHTOBOTO ChI-
pbst Konbekoro m-oBa mpu mpounsBojcTse GochopHoit
KHUCHOTHL. [uncosoe Bsoxyiee u3 @I nonyyanu nyrem
€ro TepMH4YeCcKoi 00paboTKH B pa3pabOTaHHOM aBTO-
pamu J1abOpaTOPHOM BpaIIaroIEeMcsl CyIIHIbLHOM Oa-
pabane npu temneparype 120-140 °C u armocheproM
naeneHun B Tedenune 60 muH. [Tocne 3aBeprienus Tep-
Mugeckort 06padotku @I BEITpy)aics B TEPMETHUHYIO
€MKOCTh, B KOTOPOH BBIIepKUBAJICA B Te€ueHUe 24 d.
Hanee nomydenHslil nosyBoaHelii @I' ucnonb3osai-
Csl COBMECTHO C BBICYIICHHOW T'HIPaTHOI M3BECTHIO
B MPONOPLUHUSIX, COOTBETCTBYIOLIUX MPUHITOMY IJIaHY
akcriepuMenTa. OOmui BUJ MECT 0TOOpa OTBAIHLHOTO
@I 1 1abopaToOpHOTO BPAIIAIOIIETOCS CYIIHILHOTO Oa-
pabana nperncrasiet Ha puc. 1. [TryonHa or6opa npoOs!
@I cocrauna ne donee 2,1 m.

I'mppatHyio U3BECTh JUIS HCCIIEOBAaHHUN TTOTyYa-
JIY IIyTeM TaleHus KOMOBOM M3BECTH, MPOU3BOAUMOM
B IIAXTHBIX MeYax u3BecTKoBOro 1nexa AO «Kpbmvckuit
COZIOBBII 3aBOAY, T. KpacHomnepexkornck. [Ipoxykr ramre-
HUS C 1IeJIBI0 yAAJICHUs IPUMECEH B BUJIE «HEA0XKOTa
1 HEMOTACUBIIUXCS 3€pEeH MPOCEHBAIN Yepe3 CHUTO
¢ pazmepom otBepcTuil 1,25 mm. [lonydennyro nocie
MIPOCEUBAHUS THAPATHYIO U3BECTh CYLIMIIN IO MOCTO-
SIHHOM Macchl B CYIIMJIBHOM IIKa(y MpH TeMIIepaType
105 °C. KomoBas u3BecTb XapaKTepu30Bajach Cle1y-
IOLUMU MOKa3aTeIsiMU: aKTUBHOCTh — 83 %; BpeMs
ramenns — 120 c; remneparypa ramenns — 97 °C.

AHanu3 MuHepajoruyeckoro cocrasa @I npose-
neH ¢ nomoltbto cuaxponHoro TG-DTA/DSC tepmu-
yeckoro ananusa Ha aHanusarope STA 8000 (Perkin
Elmer) B uaTepsane Temmeparyp 30—1000 °C mpu cko-
poctu Harpera 10 °C/MuH, B TMHAMUYECKOM CpeJie a30-
Ta. Pacuer n3menenns maccol Ha TG KpHBO#i BBITTOIHU-
71 B iporpaMMHoM Komrimiekce Pyris 11 (Perkin Elmer)
¢ nomoinsto DTG kpuBo# ([yist ynoOcTBa BU3yalbHOTO
aHaJIM3a Ha TepMOrpaMMe He MpencTaBieHa). Pacders
KOJIMYECTBEHHOTO COAEPKaHUS COOTBETCTBYIOLINX MH-
HepaJIbHBIX (a3 OCYNIECTBMIIM 110 CTEXHOMETpHUYE-
CKHM ypaBHEHHUSAM. [l ompeaeneHust JUCTIEPCHOTO
cocraBa @I ¥ rUAPaTHON U3BECTU UCIIONB30BAIU Me-
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Puc. 1. OGuwmii Bu MecT 0T60pa oTBaibHOrO hocdorurica (a) u 1abopaTopHOTo BPAIIAIOIIETOCs CYInIbHOro 6apadana (b)

Fig. 1. General view of the sites for collecting waste phosphogypsum () and the laboratory rotating drying drum (b)

TOJ JTa3epHON MU(PAKIUHN Ha JTa3epPHOM aHAJIN3aTOPE
pasmepoB uactuil Partica LA-960 (Horiba). Hannuue
BpeIHbIX NpuMecei B oTBasbHOM DI ycTaHoBMIN € TT0-
MOIIBI0 PEHTTEHOMIYOpPECIeHTHOTO aHanu3a Ha JJ1-
cnekrpomerpe Epsilon 3XLE (PANalytical). Onpene-
nenue ynenbHo sddextusroii akruHoCTH EPH (4, " Cb)
MPOBOMJIA METO/IOM T'aMMa-CIIEKTPOMETPHIECKOTO
ananm3a mo [OCT 30108-94 8 ®BY3 «lleHTp TUTHEHBI
u snuaemuonorun B Pecriyonuke Kpeim 1 ropone de-
JepaiibHoro 3HadeHus Cesacrornosey, I. CuMgpeponols.
BrisBrieHne MEXaHNUECKUX XapaKTEPHCTHK OMBITHBIX
00pa3noB OCYIECTBHIN ¢ IPUMEHEHHEM aBTOMATH-
YEeCKOW CHUCTEMbl UCIIBITaHUH Ha 0a3e KOHCOJIM yIpaB-
nenust MCC8 (Controls). I'mapopusnueckue coiicTBa
OIIBITHBIX 00PA3IOB ONPEAEISUIN 110 CTAHAAPTHBIM Me-

TOAMKAM JIUIsl CTPOUTEIBHBIX MaTepruanoB. KauecTBen-
HOE IPOTEKaHNe peakIiy KapOOHM3AINN YCTaHABINBA-
nu pacnbuieHreM 1 %-Horo pactBopa (eHosdraienHa
Ha CKOIl 00pasia.

PesynbraTsl TEpMHUYECKOTO aHAIN3a OTBAJILHOTO
@I mpencTaBieHs! Ha pHC. 2.

CoriacHo JMaHHBIM TEPMHUYECKOrO aHaymn3a
(cm. puc. 2), orBanbHbli @' MMeeT HECKOIBKO TEp-
MHuYecKnX 3((eKToB paznTuYHON HANIpPaBICHHOCTH.
Dunos¢d¢exr B quamnazone remmeparyp 30—-100 °C co-
OTBETCTBYET y/IaJCHUIO CBOOOIHOM BOJIbI, XapaKTepH-
3YIOLIEH €CTECTBEHHYIO BIAXHOCTbh OTBajibHOro O
Ha MOMEHT 0TOOpa MpoObl. XapaKTepHbIA SHIO0TCPMHU-
yeckuit apdekr B auanazone temmeparyp 100-220 °C,
XapaKkTepHU3yIOIUICs pa3BOCHUEM B IHANa30HE TEM-

> — o
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a 9,178 Obnactb / Area = 1146,3149 M/ / mJ | 18(1),2
8% 20 Rensta H / Delta H = 18,5504 x/r / J/g e
2 | e
§ =) TR e
a2z 30
9 5 Tensra ¥/ Delta V=6,742 % 05
O -
=2 4
°
ERETE o
= -
= | oh
2= 60 90 5
E = 756316562 m[x / mJ B
3 :?:’ 70 Hensra H / Deltg H = 122,4000 Jx/r / J/g ~
5= 7 -
B e Jlenbra Y/ Delta V= 11,671 % 5
oA 80 r85 o
o = m
o -
£E 9 |
S5
,E § 100 Jlensta ¥/ Delta ¥ =7,215 % 80
o
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E O6mactb / Area = 167,4940 M Tk / mJ
& 1209 Mux/Peak =15 Jemsra H / Delta H =2,7105 Jix/r / J/g 75
| O6nactb / Arca 4296502 4-mu-Lmnl
132,91 Jensra 1:1/ Delta H = 4|80,4796 JIx/T ./ J/g ; : . . : . 72,54
| 29,27 100 200 300 400 500 600 700 800 900 989

Temmeparypa, °C / Temperature, °C

Puc. 2. Tepmorpamma orBaibsHOTO (hocorumnca

Fig. 2. Thermogram of the dump phosphogypsum
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Ta6u. 1. KauecTBeHHbIe MOKa3aTe n 0TBaILHOIO (ocdorumnca

Table 1. Qualitative indicators of dump phosphogypsum

HaumenoBanue noka3zarenei, exuHuiel u3mepenus / Name of indicators, units of measurement Pesynprar / Result
ConeprkaHre KpUCTAJUTH3AMOHHOM BobI, % Mac. / Crystallisation water content, % wt. 18,89
Conepaxanue CaSO, 2H,0, % wmac./ CaSO,-2H,0 content, % wt. 90,27
Maccosas o115 06mux pocdaros (P,0,) Ha cyxoe BemecTso, % / Mass fraction of total phosphates 0.556
(P,0,) per dry substance, % ’
Maccosas nomns obmux ¢propunos (B mepecuere Ha F), % / Mass fraction of total fluorides (in terms 0.6
of F), % ’
Maccosas pons kagmus (Cd), mr/xr / Mass fraction of cadmium (Cd), mg/kg 0,00009
Maccosas o cBunia (Pb), mr/xr / Mass fraction of lead (Pb), mg/kg 0,00021
Maccosast gonst MeImbsika (As), Mr/kr / Mass fraction of arsenic (As), mg/kg 0,0001
VienbHas 3peKTUBHAS AKTHBHOCTH ECTECTBEHHBIX PA/IMOHYKITHIOB (4, " ¢), Bx/kr / Specific effective 310.0
activity of natural radionuclides (A ), Bq/kg ’

neparyp 100-170 °C u 170-220 °C, cOOTBETCTBYET
neruaparanuu 1syBogHoro @I mo momyruapara (100—
170 °C) u nonaomy obe3zBoxuBanuto (170-220 °C).
Dx30TepMUUecKuii 3P PeKT B quanazoHe TeMIeparyp
380-480 °C siBisieTcst XapaKTepHBIM JJIs TUIICOCONEP-
JKAIIETo CHIPBSI 1 COOTBETCTBYET IIEPECTPOIKE KPHCTAII-
JMYECKON PEIIETKH B AaHTUAPHUTOBYIO.

Takum 0Opa3oM, JaHHBIE TEPMUYECKOTO aHAJIH-
3a CcTajay OCHOBOW Ui BBIOOpA TEMIIEPATypHhl IMOITY-
yeHusi nonyBoaHoro @I B mabopaTopHOM Bpamiaro-
ImeMcsl CynImibHOM OapabaHe, KOTOpas COCTaBHIIa
120-140 °C. PaccuntanHoe TIO pe3ylnbTaTaM TEPMH-
YECKOr0 aHajin3a KOJMYECTBO KPHCTAIUIM3AIIMOHHON
BOJIbI, @ TAK)KE JOTIOJIHUTEJIbHBIC KaUYeCTBEHHBIE XapaK-
TEepUCTUKH oTBaibHOTO I peacTaBieHs! B Tadm. 1.

CoracHo JaHHBIM, IIPE/ICTaBICHHBIM BTa0M. 1!, necre-
JlyeMbIil oTBasbHbI O’ MOKHO OTHECTU KO BTOPOMY

'TOCT 4013-2019 «KaMeHb THUIICOBBIN ¥ THIICOAHTHIPHUTO-
BBI1 JUIs IPOM3BOJCTBA BSOKYIIMX MarepuaioB. TexHuueckue
YCIIOBUSI».

P
=

W
[e)

q, %/ q,%

0,0—I""'|"'|"|"|'|'|'|'|'| """ LI '|'|'|'|'|'|"' LI
0,100 1,000

copry, yaenbHas dppexTunas akTuBHoCTh EPH 4 o
cootBercTBYeT | knmaccy matepuanos. CormacHo 'OCT
125-2018 «Bspxymue runcoBsle. TexHUUeCKHe ycio-
BUS», JaHHBIM oTBanbHbIA DI mpuroaexn mis npous-
BOJICTBA THIICOBBIX BSDKYIIIHX.

Kpussie muddepeHIaibHOT0 1 HHTETPATBHOTO
pacnpenenenus pazmepoB yactul @I u ruapaTHON U3-
BECTH MpeJICcTaBieHbl Ha puc. 3. COmacHo JaHHBIM aHa-
J3a, TUarna3oH pa3MepoB dacTuIl pocdorurca cocra-
BUI 5—450 MKM, cpeTHUN pazMep 4acTUIl — 65 MKM.
Jlns ruapaTHON M3BECTH aHAJIOTUYHBIE TIOKA3aTENH CO-
crapuid 1,7-345 MKkM U 37 MKM COOTBETCTBEHHO.

J1s ompeneneHus 3aBUCUMOCTEH H3MEHEHHS
CBOMCTB pa3pabaThIBaEMOTr0 BSKYIIIETO BEIIECTBA HA OC-
HoBe ®I' ucnosip3oBancs OpTOrOHAIbHBIN LIEHTPAIb-
HBII KOMIIO3UIMOHHBIH M1aH Broporo nopsajaka. Ha oc-
HOBaHUM MPEBITYINX UCClIeNoBaHul [25] B kadecTBe
BapbUPYyeMbIX (haKTOPOB MPHUHUMAIHUCH — KOJIMYECTBO
BBOANMOI TuapaTHON m3BecTH (X1) M Bogocomepxka-
HHUE CBIpbeBoii cMecH (X2). KommdecTBo BBOIUMON TH-
JIpaTHOM U3BeCTH BapbupoBanock B mpeaenax 10-50 %

80
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TIpoxon, % / Passage, %
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Juamerp, mxm / Diameter, um

Puc. 3. lucriepcHblii cocTaB 0TBAIILHOTO (hoc(hOrHuIca U THAPATHON N3BECTU: (POCHOTUIIC — KPACHBIN IIBET; THPATHAS U3-

BECTh — CUHUU I[BET

Fig. 3. Dispersed composition of waste phosphogypsum and hydrated lime: phosphogypsum — red colour; hydrated lime —

blue colour
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Ta6u. 2. VicxonHble JaHHbIE U MHTEPBAJIbl BapbUPOBaHHs (aKTOPOB

Table 2. Initial data and factor variation intervals

Enununa YpOoBHU BapbUpOBaHUs
. WuTepsan
DakTophl (HANMEHOBAHHE) HU3MEpeHHs Kon Variation levels
. . ; 3} BapbUPOBAHHS
Factors (designation) Unit of Code R
—1 0 +1 Variation interval
measurement
KonnyecTBO BBOAMMOI H3BECTH
AIHMO] % X1 10 30 50 20
Amount of lime input
Bonocozepikanue ChIpheBOi CMeECH
Water content of the raw material % X2 18 23 28 5
mixture
ot maccel @I, Bomocomepxkanue cmecu — 18-28 %  cTOAHHOI Macchl, gaiee 3TH 00pa3Ilbl MOIBEPTaINCh

OT Macchl CyXoH cbIpbeBOil cMecu. M3 yBlakHEHHOU
U TepeMeIIaHHON CHIPHEBOM CMECH METO/IOM TIONIyCY-
XOTO TIpeccoBaHus (yAEIbHOE AaBICHUE NPECCOBAHMS
30 MIla) n3rorapiuBaiu 00pa3LbI-LMINHAPHI JHaMe-
TpoM U BbIcoTOM 30 MM. McXonHble TaHHBIE U UHTEPBa-
JIbI BAPbUPOBAHMS TTPUBEACHBI B Ta0OIM. 2.

B pesynbrare 00pabOTKH ONBITHBIX JaHHBIX (Op-
MHPYIOTCS 3KCHIEPUMEHTAIIbHO-CTaTHCTHIECKHIE MOJIC-
JIM K@XJIOTO UCCIIEyeMOTo rapamerpa, IpeICTaBIIsio-
mue coboif MoaMHOMBI (YpaBHEHNS) BTOPOTO MOPSIIKa,
CJI/TYIOIIETO BHA:

Y= bo +Zn:biXi + Zn:biiXi2 + Zn:bi[XiXH
i1

i=1 il=1

e)
rae b, b, b, b, — xosddunments Koppensum, onpe-
JIeJsieMbIe B Pe3yiIbTaTe MaTeMaTHUeCKA-CTaTHCTHYC-
CKOM 00pabOTKH SKCIIEPUMEHTANIBHBIX TAHHBIX; X, X, —
3HaYeHHE BapbUPYEMBIX PELENTYypHO-TEXHOJIOTHYE-
CKUX (paKTOPOB.

B kaxmoii Touke miaHa o0pasiibl ACTUIN Ha JBE
rpymnmnsl — l-si TpyIna ecTecTBEHHOTO TBEPACHUS
U 2-s5 TpyIIa — MPUHYAUTEIEHO KapOOHU3NPOBAHHEIE.
OO6pa3iel 1-i Tpynmel cpasy mociae GopMOBaHUS TO-
MEIIIAJINCh B SKCUKATOP ¥ BBIICPKUBAIHCH B HEM B Te-
yeHue 24 4, mocie 4ero ux MOMEeINaiu B CyIIHIbHBIN
mkad ¥ BeICyIIMBaIu npu Temieparype 43 °C o mo-

Perynstop nasinenust  OOpasis

Pressure regulator| ~ Samples'\
() | \

Ty W

*. Kamepa kapOonusamu

Carbonization chamber

|

\ BakyyMHblii Hacoc
Vacuum pump

CO Perucrpanus 1aHHBIX

Data 10ggcy

gl

a

HCIBITAHUSIM B COOTBETCTBHH C ITaHOM. OOpasibl 2-i
TPYIIIIBI cpa3y mociic (POPMOBAHUS TOMEIIATH B IKCHUKA-
Top Ha 90 MUH 71 IPOXOXKJIEHUS PEAKIUHU TUapaTa-
uuu nonyBojiHoro @I [To ucteyeHun 3Toro BpeMeHu
JTAaHHBIE 00pa3I[bl TOMEIIAIHCH B KaMepy IPHHYAUTEIb-
HOW KapOOHW3AINH, TNIe X BBIICPKUBAIN B TCUCHUE
180 mun ipu 50 Yo-Hol konuenTpauuu CO,. 3areM 00-
pasibl BHICYLIMBAIN 10 MOCTOSIHHON MAccChl [0 METO-
JTUKE, aHAJIOTHYHOU [yt 1-# rpynmbel. OOpasis! u3 2-i
TPYMIBI UCTIBITHIBAIN B BO3pacTe | CyT U TONOJTHUTEIb-
HO B 28 cyT TBepaeHus. McnbiTanus B 28 cyTok ObuH
3aMJIaHAPOBAHBI ISl MCCIEAOBAHUS CTAOMIBHOCTH
CBOICTB, TIOTYYEHHBIX B Bo3pacTe | CcyT ¢ TedeHHeM
BpeMeHn. OOpas1pl U3 1-if TPYIITBI UCTIBITHIBAIIN TOJb-
KO B BO3pacTe 1 CyT AJis MOJy4YeHUs] CPAaBHUTEIbHBIX
XapaKTePUCTHK C LEJIbI0 MOATBEPKICHHS dPPEKTHB-
HOCTH BIMAHUS KapOOHATHOTO TBEPICHUS Ha CBOIMCTBA
MOJy4eHHOTO MaTepuana. Cxema u 00Ul BUI pa3pa-
0OTaHHOI aBTOpaMHU KaMephl MPUHYIUTEIHHON KapOo-
HU3AlUM [IPEJICTaBIeHbI Ha puc. 4.

PE3YJIBTATHI HCCJIEJOBAHUA

Junst ycranoBienust 3p(QeKTHBHOCTH OJJHOBPEMEH-
HOTO TPOTEKAaHUS B CUCTEME JIBYX THIIOB TBEPACHUSI —
THPATAIlMOHHOTO U KapOOHATHOTO JUIsl Cylbdarconep-
JKAIIIEro ¥ M3BECTKOBOTO KOMIIOHEHTOB CBIPEEBOM CMECH

e
Ed

Puc. 4. Cxema (@) u o6uwmii Buz (D) KaMmepbl IPUHYIUTEIBHOH KapOOHU3ALMI

Fig. 4. Scheme (a) and general view (b) of the forced carbonization chamber
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T.A. BaxmuHa, H.B. JTlo6omupckul, A.C. BaxmuH, I'.P. BuneHko, U.A. TioHIOKO8

COOTBETCTBEHHO OIpPEaCsUIN (PU3UKO-MEXaHUYCCKUE
MTOKA3aTeJ I OMBITHBIX 00PAa3IOB IMIIHHAPOB 10 H I0-
cie kapOonuzanmu. B tabn. 3, 4 mpencraBieHbl TaHHEIC
0 SKCIICPUMEHTAILHOMY OMPEICIICHHUIO (PH3UKO-MeXa-
HUYECKHUX U THAPOPU3NIECKUX CBOUCTB (OCHOTHIICO-

Ta6a. 3. Marpuna IIaHUPOBAHUS M YKCIICPHMEHTAIBHBIC 1
00pa3moB-IMINHIPOB

M3BECTKOBBIX 00pa3lOB B 3aBUCHMOCTH OT U3MEHEHHMsI
BapbUPYEMBIX (DAKTOPOB — BOJOCOJAECPKAHUS CHIPhE-
BOW CMECH 1 KOJIMYECTBA BBOAUMOM I'APATHOM U3BECTH.

CpaBHHBas MOJy4YEHHBIE PE3yJbTaThl, MOXKHO
CIeJIaTh BBIBOJ, YTO MPOYHOCTH IPU CKATUU U BOJO-

AHHBIC HC Kap6OHI/I3I/IpOBaHHI>IX (bOC(l)OFI/IHCO-I/BBeCTKOBLIX

Table 3. Planning matrix and experimental data of non-carbonized phosphogypsum-calcareous cylinder samples

AHanu3upyeMble apaMeTpbl B 3aBUCHUMOCTH
KoaupoBaHHbIe HarypasbHble BeTMYHHbI ()aKTOPOB OT UcCIeyeMbIX (HakTOpoB
3HauCHNUS (ak- Natural values of factors Analyzed parameters depending on
topos / Coded the investigated factors
values of factors | gonyqectso Boaumoii | Bomocomepwanne chi- | R, MIla | p, r/ew’ 0 0
.| K W, % |W,%
m3sectu, %, X1 preBoii cmecu, %, X2 R oo MPa | p, g/om’ ? " ’
Amount of lime Water content of raw 1 cyr
X1 X2 : 0 : : 0
input, %, X1 material mixture, %, X2 day
-1 -1 10 18 214 1683 0,61 14,1 22,8
+1 -1 50 18 13,8 1458 0,56 20,7 32,7
-1 +1 10 28 21,1 1703 0,55 12,1 18,1
+1 +1 50 28 20,2 1509 0,41 17,9 25,4
-1 0 10 23 29 1713 0,59 13,2 19,9
§ § +1 0 50 23 20,3 1496 0,49 17,7 25,2
]« 0o | -1 30 18 173 1582 | 061 | 165 | 27.1
<% 0 +1 30 28 24,5 1686 | 0,52 | 132 | 202
03
3 0 0 30 23 23,7 1619 0,55 14,3 233
==
Qo
P Ta6u. 4. MaTpuna miaHupOBaHUSA U SKCIEPUMEHTAJIbHbIC JaHHbBIC TIPUHYIUTEIBHO KapOOHU3UPOBAHHBIX (ochorumco-
- E U3BECTKOBBIX 00PA3LOB-IIMINHAPOB
=
Ig —g Table 4. Planning matrix and experimental data of carbonized phosphogypsum-calcareous cylinder samples
. >
—~ Harypanbnbie
Qo BeMMHHb aKTOpOB AHanu3upyeMble TapaMeTpsl B 3aBUCUMOCTH OT HCCIIEAYEMBIX (haKTOpOB
=2 Konuposansbie p Analyzed parameters depending on the investigated factors
69 SHAYCHUS Natural values of factors
o £ (hakTopoB = b5 s £ -
3 g Coded values | 8 2 = E S E S Z = X X
© s : ZEX| B 5o - ) o ; .
<2 of factors ELS| -5 % E % o ) ’
O G g | oo g 5 5 I = =
@ 2 .| EXZ$ S
C g AN T
© 8 & = T eg > > > > >
3 2 she|Sgi| F| S| E|S|E| S| E|2F|S
—_ TR g o 0 = = — — - — ~ — ~ — ~ —
g M | x| EESIEECE ) e sl e sl sl sls] 2|5
£0 sS85 | 5% 3 Y o 2 o 2 o Sy 2 5y 5
oz 2 8 2% g = 0 = 0 = 0 = 0 = 0
o S = m 2 N N N N N
8=
3 g -1 -1 10 18 26,4 | 28,5 | 1748 | 1755 | 0,8 | 0,74 | 11,7 | 13,9 | 20,5 | 24,5
L3
g S +1 -1 50 18 22 23,1 | 1658 | 1664 | 0,72 | 0,71 | 18,2 | 19,3 | 30,1 | 31,3
— >
z £ -1 +1 10 28 28,2 | 36,5 | 1750 | 1747 | 0,78 | 0,74 | 9,2 | 11,2 | 159 | 19,1
RS
? § +1 +1 50 28 16,6 | 184 | 1568 | 1572 | 0,75 | 0,72 | 15,1 | 16,9 | 23,8 | 25,7
B a -1 0 10 23 31,7 | 36,4 | 1782 | 1776 | 0,71 | 0,66 | 10,2 | 12,5 | 184 | 22,1
[
s g +1 0 50 23 17,9 | 18,5 | 1606 | 1607 | 0,59 | 0,55 | 14,8 | 17,3 | 23,1 | 26,3
X
§ I 0 -1 30 18 31,1 | 33,6 | 1759 | 1752 | 0,7 | 0,67 | 14,1 | 151 | 24,8 | 26,2
[
E '§ 0 +1 30 28 19 | 27,8 | 1700 | 1688 | 0,81 | 0,77 | 10,8 | 12,6 | 18,3 | 21,4
Q> 0 0 30 23 23,5 | 27,7 | 1714 | 1712 | 0,62 | 0,61 | 12,2 | 13,2 | 20,9 | 21,9
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CTOMKOCTh y KapOOHHU3UPOBAHHBIX O0Pa3IOB BHIIIE,
4yeM y 00pa3ioB, He MMOBEPraBIINXCs KapOOHU3aINH.
[IpodHOCTH TPU CXKATUK KapOOHU3UPOBAHHBIX (OC-
(orurnco-u3BecTKOBBIX 00pa3noB BbIe Ha 4—10 MIla
B 3aBHCHMOCTH OT yCJIOBHH moydeHus. CpemHss ioT-
HOCTh KapOOHU3UPOBAHHBIX 00PA3II0B TaKXe MOBHI-
maercst (1o 11 %) 3a c4er cBA3BIBaHUS THIPOKCHIIOM
KaJIbIIMsl YIIIEKUCIIOTO ra3a U 00pa30BaHuUs B CUCTEME
kapOoHara Kayiblus. biaronapst yBennaeHuro cpegHen
IUIOTHOCTH CHMYKAIOTCSI BOJIOTIOTTIONICHHUE IO Macce
n 00beMy KapOOHH3MPOBAaHHBIX 0OPA3IOB M0 CpaBHE-
HUIO ¢ HEe KapOOHM3MpoBaHHBIMHU. Mckimtouenue co-
CTaBJISIFOT TOJIBKO T€ TOUKHU, B COCTABE ChIPHEBOM cMeCH
KOTOPBIX TIPHCYTCTBYET MaKCUMAJIbHOE KOJIMYECTBO T'H-
npatHoif u3BecTH — 50 % M MUHIMAaIbHOE KOIUYIECTBO
Bosbl — 18 %. CBsi3aHO 9TO, CKOpee BCEro, ¢ Hel0CTa-
TOYHOW CTETIEHBIO MPOXOXKICHUS pPeakIuy KapOOHU3a-
LUK JUTSE TAKUX COCTaBOB CMECH, IOCKOJIBbKY yBEJIHYe-
HHE KOJINYECTBA THAPATHON M3BECTH ¢ OoJiee METKUMHU
YaCTHUIIAMHU CIIOCOOCTBYET MOJIYYEHHUIO TTOCIIE TIPECCo-
BaHMs IUIOTHOM CTPYKTYpBI 0Opasua. B pesynsrare no-
cryn CO, K BHyTPEHHEMY 00BEMY CHCTEMBI OTPaHU-
yuBaeTcs U 3GpHEeKTHBHOCTh KapOOHATHOTO TBEPCHUS
TaKXKe CHIDKACTCS.

Ha ocHOBe sKCHIepUMEHTAIBHBIX JTAHHBIX O (u-
3MKO-MEXaHUYECKHX M THAPOPU3NIECKIX CBOHCTBAX
KapOOHU3UPOBAHHBIX 00PA3IOB-IUIUHAPOB (Tab. 4)
MOJTy4eHBl KOO PHUIMEHTHI HKCIIEPUMEHTATIbHO-CTATH-
CTUYECKUX Mozeneil. Jlanee npeacraBieHbl ypaBHEHUS
perpeccuu N3MEHEHHUs yKa3aHHbBIX CBOMCTB 00pa3IoB
nocie 1 cyT TBepieHHUS:

* IIPOYHOCTH IIPH CIKATUH:

R =243 -99X1 -5,2X2 - 0,8X1* - 0,3X2* —
—3,6X1X2;

* CpelHsAs MIOTHOCTE: p, = 1722,1 — 149,3X1 —
—49X2 —72,5X1% — 1,5X2% — 46X1X2;

* ko3 uIMEHT pazMsIrdeHus:

p, = 1722,1 - 149,3X1 —49X2 — 72,5X1* - 1,5X2* -
—46X1X2;

* BOJIOTIOIVIOIIEHHE TT0 Macce:

W =11,9 + 5,6X1 —2,9X2 + 1,5X1* + 1,4X2* -
—0,3X1X2;

* BOJIOTIOTJIOIIEHHE TI0 00BEMY:!

W, =20,5+ 7,4X1 - 5,8X2 + 1X1* + 2,6X2° -
—0,8X1X2.

AHaIIN3 YKCIIEPUMEHTATBHO-CTATHCTUYECKON MO-
JIeIT OCHOBHBIX CBOMCTB ONBITHBIX 00pa3lioB MMOKa3al,
YTO HAaMOOIbIIIee BIUIHIE HAa (HOPMUPOBAHHUE CBOICTB
KapOOHU3UPOBAHHBIX (POCPOTHUIICO-MU3BECTKOBBIX KOM-
TIO3UINI OKa3bIBAET KOJMYECTBO BBOAUMOM I'MIPATHON
n3Becty (X1). YBenuueHue conepkaHus U3BECTH B CO-
cTaBax OPMOBOUHBIX cMecel (koadduuuent b =-9,9)
IPUBOAUT K CHIDKEHUIO NMPOYHOCTHBIX ITOKa3aTenen
U YMEHBIICHHUIO CPEIHEH ITIOTHOCTH MaTrepuaa, Imo-
BBIIICHUIO BOJOMOTIIONICHHS IO Macce M yMEHBIIAET
TOJIIIMHY KapOOHU3UPOBAHHOIO CJI0sT 00pa3IoB, CHU-
JKast UX BOJIOCTOHKOCTD.

B 3HaunTenpHON cTeneHn GOpMUpPOBaHHE Kap-
OOHATHOW CTPYKTYpHI MaTepHalla ONBITHBIX 00pa3IoB
3aBHCHUT OT (paKkTopa HAa4aIHLHOTO BOJOCOICPKAHUS
dbopmoBounbIX cmecei X2 (koadduument b, = —5,2).
C yBenmueHHEeM BOIOCOACPKaHUs B cucteMe y pocdo-
TUIICO-U3BECTKOBBIX 00PA3IIOB YMEHbBIIACTCS KapOOHH-
3UPOBAHHbIN CJIIOM U CHUXKAETCS IIPOYHOCTh HA CHKATHUE.

Koapumuent cobmectroro snustnus (b, = -3,6)
TaKKe TTOKa3bIBACT, UTO OJHOBPEMEHHOC YBEINYCHHE
COJICpKaHUsI U3BECTH U BOJIOCO/ICPKAHMS (POPMOBOY-
HOW CMECH NPUBOAUT K CHIYKEHHIO IPOYHOCTHU H BOJIO-
CTOHKOCTH OTBITHBIX 00PAa3IoB.

O creneHu KapOOHU3AIMK U3BECTKOBOM COCTAaB-
JSIOMIEeN B OMBITHBIX (POC(HOTUIICO-U3BECTKOBBIX 00-
pasiax KOCBEHHO MOYKHO CYIUTP IT0 H3MEHCHHIO BEIH-
YUHBI KapOOHU3UPOBAHHOTO CJI0s (puc. 5).

W3 npuBeneHHBIX Ha puC. 5 NaHHBIX BHJHO,
4yTo 0OpazoBaHHEe KapOOHATHOTO KaMHS MpHU KapOo-
HU3AIHOHHOM TBEpACHHH (POCHOTUIICO-U3BECTKOBO-
TO BSDKYILEro HauMHAeTCs C MOBEPXHOCTH 00pa3IoB,
MTOCTENICHHO MPOJBUTAsCH BIIyOb oOpa3na. CrerneHb
kapOoHu3anuu (GochOrunco-u3BeCTKOBON KOMITO3H-
UM 3aBUCHUT OT BCEX HCCIIEIYEMBIX PElEeNTypHO-TEX-
HoJOrHm4IecKuX (PakTopoB. C yBEeNNICHUEM COICPIKAHMS
THJIPaTHOI M3BECTH TOJIIMHA KapOOHU3UPOBAHHOTO
CJIOSl B OTIBITHBIX 0Opasnax yMeHblnaeTcs. Benenue
0OJBIIET0 KOTMYECTBa MEITKOAUCIICPCHOM THAPATHON
W3BECTH MPUBOAMT K YIUIOTHEHHIO CTPYKTYPBI, YTO 3a-
TPYAHSIET IBIKEHHUE YIJIEKHCIIOTO I'a3a 1o IopaM B 00b-
eMe Marepuana. [Ipu yBemWdeHUN BOJOCOACPIKAHUS
¢ 18 1o 28 % Takxke HaOMIOMACTCS CHIKCHHUE CTETICHU
kapOoHm3anuu. TakuM 00pa3oM cIeayeT, 4TO OJHOBpE-
MEHHOE YBEIIMYCHHE KOJIMYCCTBA U3BECTH U COICpIKA-
HUSI BOJIBI TPUBOJAMT K YMEHBILICHUIO pa3Mepa 1op 0o
3aTI0JTHEHHIO MX BOJIOH M, KaK CIIE/ICTBHE, IIPETISITCTBYET
MIPOHUKHOBEHHIO YTJIEKUCIIOTO Ta3a BHYTPh 0Opasia.

[ToxpoOHbIil aHAN3 MOMyYEHHBIX IKCIIEPUMEH-
TaJIBHBIX JJAHHBIX (CM. TAOMI. 3) O3BOJIMI YCTaHOBHTH,
49T0 3((HEKTUBHOE YITyUIICHUE CBOWCTB MCCIIECIYESMBIX
06pasioB Ha ocHoBe DI 1 ruApaTHON M3BECTH HAOTIO-
JIaeTCsl IIPU YBEIMUCHNH COAEPIKAHUS N3BECTH B CMECH
1o 30 %. HaneHelimee yBenmdeHue n3sect 10 50 %
MPUBOJUT K YXYALICHUIO MCCIEAYEMbIX ITOKa3aTeNe.
B cBs3u ¢ 5TUM B KauecTBE CPaBHUTEILHOTO aHAJIN3a
OBLT IPOBEICH TEPMIUCCKUH aHAIN3 KapOOHU3NPOBaH-
HOTO cJ1051 00pa31oB U3 Toukw miaaHa 1 u 7 (puc. 6).

Pe3ynbrarsl MpOBEAEHHOTO TEPMUYECKOTO aHAIN3a
IpescTaBieHbl Ha puc. 7, 8.

Tepmorpamma mpoOsl u3 Touku Ne 1 nmeer xa-
pakTepHBIi SHA0TepMUYecKuil 3 dexr B nuanazone
temmeparyp 100-220 °C. {aHHBIA 3HOOTEpMHUC-
ckuii 3 dekt, HabmoaaeMblil pu Temreparype 100—
220 °C, cOOTBETCTBYET JAErupaTaluu JIBYBOJHOTO
THUIICA JI0 TIOJTHOCTHIO 00C3BOKCHHOTO P-TIOTyTHIpATA.
CymMapHas ToTepsi Macchl B 9TOM TEMIIEPaTypHOM
nuamnazone cocrasuia 13,098 %, 4To COOTBETCTBYET
npumMepHo 90-92 % copepskaHus JBYBOJHOTO T'HIICA.
Ox3oTepmuueckuii 2pdext B 1uamna3oHe remieparyp
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10 % mac. THAPaTHOMN U3BECTH
10 % wt. hydrated lime

50 % mac. ruapaTHON H3BECTH

30 % mac. THApaTHON N3BECTH
30 % wt. hydrated lime

50 % wt. hydrated lime

W=18%

W=23%

AT

W=28%

Puc. 5. VI3MeHeHHe TONIMHBI KAPOOHU3UPOBAHHOTO CJIOS ONBITHBIX 00Pa31i0B Ha OCHOBE (POCHOrUICO-U3BECTKOBBIX KOMIIO-

3UIMH, TOMYYeHHBIX IpH AaBneHuu npeccoanus 30 Mlla, B 3aBUCHMOCTH OT COZIEPKaHUS THAPATHON M3BECTH M HAUaJIbHOTO

Boztocozieprkanus hopmoBouHOit cmecu mociie 1 cyT tBepaenust W, % mac.

Fig. 5. The change in the thickness of the carbonized layer of prototypes based on phosphogypsum-lime compositions obtained
at a pressing pressure of 30 MPa after 1 day of hardening, depending on the content of hydrated lime and the initial water con-

tent of the molding mixture W, % by weight

380—410 °C coOTBETCTBYET MEPECTPOKE KPUCTAI-
JUYECKON PEIleTKH B aHTHJIPHUTOBYI0. DHA03(DdeKT
B auanaszoHe temmeparyp 650—750 °C cooTBETCTBYET
pasnoxennto CaCO,, 06pa3oBaHHOTO B PE3YIbTATE
xumunueckor peakuun Ca(OH), u CO,. Cymmapnas
MOTEPsl MacChl B 3TOM TEMIIEPATYPHOM JIHANa30HEe CO-
craBmia 3,704 %, 94TO COOTBETCTBYET MPUMEPHO 8,5—
9,0 % conepxanus CaCO, B cucteme. Takum o6paszom,
COOTHOIIIEHHE JIBYBOJIHOT'O TUIICA K KAPOOHATY KaJIbIIMs
cootBeTcTBYeT 90:10 % W moBTOpsIeT 3alaHHBIA CO-
CTaB U3 TOUKH IutaHa Ne 1, HO y)ke B BUAE IPOTYyKTOB
rUpartaluy 1 KapOOHU3aluH Cyab(haTcoaepKaliero
U U3BECTKOBOTO KOMIIOHEHTOB CHIPhEBOW CMECH COOT-
BETCTBEHHO, T.€. CMEIIAHHOTO THIIA TBEPACHHUSL.
Tepmorpamma mpoOsl u3 Touku Ne 7 nmMeer xa-
pakTepHsblil dHA0TepMUYecKuil 3 dexr B nuanazone
temmnepatyp 100-220 °C. JlaHHBIN SHIOTEepMUYECKUI
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3¢hdexT COOTBETCTBYET ACrUipaTaiuu ABYBOIHOIO
THIICA JI0 MTOJHOCTBI0 00€3BOXKEHHOTO B-IONyrUapara.
CymMapHas moTepst MacChl B 3TOM TEMIIEPaTypPHOM
nuamna3oHe cocrasuia 10,452 %, 4TO COOTBETCTBYET
npumepHo 70—73 % comepxaHHs IBYBOAHOIO THIICA.
Ok3oTepmuueckuii apdexr B n1uamnazoHe remieparyp
380-410 °C coOTBETCTBYET MEPECTPONKE KPUCTAI-
JUYECKON PEIeTKH B aHTMJIPHUTOBYI0. DHA03(pdeKT
B auanaszone temmeparyp 680—820 °C cooTBETCTBYeT
pasnoxennto CaCO,, 06pa3soBaHHOTO B PE3YJIbTATE
xumudeckoi peaknun Ca(OH), n CO,. Cymmapnas
MOTEPsi MacChl B 3TOM TEMIIEPATYPHOM J[HANa30HEe CO-
craBuia 12,223 %, 4T0 COOTBETCTBYET MPUMEPHO 27—
30 % conepxanus CaCO, B cucteme. CoOTHOUIEHNE
JIBYBOJIHOTO I'MIIICa K KapOOHATY KaJIbIHsl COOTBETCTBY-
et 70:30 % u moBTOpsIeT 3aJaHHBIA COCTAB M3 TOYKH
miaHa Ne 7, HO yKe B BHJE IPOAYKTOB THApPATALUU
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a

Sa'mple collection
area

b

Puc. 6. 3061 0TOOpa Mpod Ha ckomax 0OPa3LOB LI MPOBEACHUS TEPMUYECKOTO aHANIN3a MMocie 1 CyT TBEpACHUS: @ — TOYKa
mnana Ne 1 (em. Tabi. 4); b — touxa mnana Ne 7 (cm. Tabn. 4)

Fig. 6. Sampling zones on chipped samples for thermal analysis after 1 day of hardening: « is the point of plan No. 1 (see Table 4); b is

the point of plan No. 7 (see Table 4)

n KapOOHM3aNMu Cylb(aTcoaepKamero 1 N3BeCTKO-
BOTO KOMIIOHEHTOB CHIPHEBOM CMECH COOTBETCTBEHHO,
T.€. CMEIIaHHOTrO Tuna TBepaeHus. CieayeT OTMETUTh,
4TO TEMIEPATypHbIi UHTEepBan pasnoxenus CaCoO,
JUTst TOYKH Ne 7 cMeCTHIICS B 30HY 00JIee BHICOKUX 3HA-

Henbra Y/ Delta V= 7,851 %

(O8]
(e
L

(9%}
W
L

Jensra Y/ Delta V'=15,247 %

YCHHH, YTO TAKIKE TOBOPUT O OOJIBIIIEM €Tro KOJTHYCSCTBE
B CHCTEME.

PesynbpraThl TEpMUYECKOTO aHAN3a, a TaKxke (hu-
3UKO-MEXaHMUYCCKUX U THAPODU3NYCCKUX UCTIBITAHUMA
MOATBEPKAAIOT BO3MOXKHOCTH IOCIIE0BATEILHOTO MPO-

18,14+ r100,9
i ik / Peak = 390,63 °C 100
20+ Ob6mnactb / Area =-169,3790 m/Ix / mJ
sra H / Delta H=—-7,5942 Jlx/r / /g
F98
Obmnacts / Area = —430,8354 Mk / mJ
25+ Jensta H / Delta H=-19,3169 Jlx/r / J/g | 96

Tluk / Peak =901,89 °C

O6macts / Area = 2535,2593 /mJ F90
Henwra H/ Delta H = 113,6705 x/r / 1/g
Tluk / Peak = 723,72 °C

Y TI0TOK, COOTBETCTBYIOIIUU SHAOTEPMUYECKOMY

pasnoxkenuto, MBt / Heat Flow Endo Down, mW

r88
401 —
; Jensra Y/ Delta V=1,010% ——— | 86
g I
2 S5 ] -84
E OGrnacts / Area = 7700,7142 sflc / mJ Aemsra Y/ Delta ¥'=3,704 %
| JHensra H/ Delta H =345,2679 [T/t / J/g | )
Ik / Peak = 150,04 °C
49,42 ; =R : : ; . : : : 81,05
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Fig. 7. Thermogram of the sample from plan point No. 1 after 1 day of hardening
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Fig. 8. Thermogram of the sample from plan point No. 7 after 1 day of hardening

TCKaHUA TUAPATANUOHHOIO U Kap6OHaTHOl"O TBEPACHUA
JJId UCCICAYCEMbIX cyn},(baTcouepxcamero 1 U3BCCTKO-
BOI'0O KOMIIOHEHTOB COOTBETCTBEHHO C IMOJIYYCHUEM UC-
KYCCTBEHHOT'O IIPOYHOTO U BOJIOCTOMKOTO KaMHSI.

SJAKJIIOYUEHUE U OBCYXJAEHUE

Ha ocHoBaHMM SKCIIEPUMEHTAIBHO-CTATUCTHYC-
CKOTO MOZICJIMPOBaHUS pa3paboTaHbl ONTUMAJIbHbIC
cocTaBbl (POPMOBOYHBIX cMeceil Ha ocHOBe (ocdo-
TUIICO-M3BECTKOBBIX KOMIIO3MINH, 00eCIIeunBaloIie
3HAUUTENBHYIO POYHOCTh HA C)KaThe, a TaKXkKe BOJIO-
CTOWKOCTP TTOYYEHHOTO HCKYCCTBEHHOTO KaMHS CMe-
IIAaHHOTO THUIA TBEepJcHUs. Pe3ynpraTsl pa3paboTku
COCTaBOB Ha OCHOBE (POC(HOTUIICO-U3BECTKOBBIX KOMITO-
3UIUH NOKa3ajH, YTO MOCJe MPUHYAUTENbHONW Kap0o-
HU3aLMU JaHHBIX COCTAaBOB B TeueHue 180 MUH B BO3-
JIylHHo-ra3oBoit cpene ¢ 50 %-Holl KOHLEHTpauuen
CO, MOKHO MONYyYUTH BOJOCTOWKUM KaMEHHBIN Ma-

Tepuan (Kp = 0,78-0,8) ¢ MPOYHOCTHIO MPHU CHKATHH
28-32 Mlla. B cooTBeTCTBUH C yKa3aHHOHN BeTUYNHON
ko3 unmenTa pa3MIrdeHUS TaHHBIH MaTepHal MOX-
HO KJaccH(UIMpPOBaTh KaK MOBBIIICHO BOJAOCTOWKHUN
0,6 < KP <0,8). Ilpu aTOM 11151 TTOTTYYeHNST 00O3HAYCH-
HBIX (PU3UKO-MEXaHHMUYECKUX XapaKTePUCTHK ONTHMAITb-
HOE cozepxanue ruparnoi nzpectu Ca(OH), B cocra-
Bax CBIPbEBBIX cMecei cocTaiuseT 10-30 %.
BeposiTHO, 10110IHUTEIbHAS. OIITUMU3ALIUS YCII0BUIM
TOTydeHHs 00pasIoB (JaBICHIE MPECCOBaHMS, BOIOCO-
JIepyKaHUEe CMECH, BBEICHNE 3aI0JTHUTEIIS ), PEXKMMa ITPH-
HYIUTEIHLHOTO KapOOHATHOTO TBEPACHUS (BpeMs TBEp-
nenus, konuentpanus CO,) MO3BOJUT el TIOBBICHTh
UccIIe/lyeMble CBOMCTBA TTOy4aeMOro KaMEHHOTO Mare-
puana. [Tomy4deHHble SKCIIEPUMEHTABHbIC JAHHBIE T10-
3BOJISIIOT IIPE/IIOIOXKHTh, YTO Ha OCHOBE IPe/yIaraeMoro
BSDKYIIIETO BO3MOYKHO MPOW3BOJICTBO OMPEAETICHHON HO-
MEHKJIATypbl MEJIKOIITYYHBIX CTCHOBBIX M3/ICIHH.
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