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AHoTanisi. Po3rnsgHyTI TOHWTaHHA BUTOTOBIEHHS  IITYYHOTO
MOPUCTOTO 3aloOBHIOBaYa - CHIIYPONOPY HAa OCHOBI TEXHOTCHHHUX
CUPOBUHHUX MaTepiajiB TipHUYO-METANypriiHUX mignpueMcTs Kpusoro
Pory.

Abstract. Production of building materials, which are made of the
industrial wastes (that is, of the technogenic raw materials), is the issue
of great importance in Kryvyi Rih as the enterprises of the ore mining
and smelting industry transfer more than 60 million tons of the
overburden rock and cleaning rejects to dump pits and tailing dumps per
annum. Many thousand hectares of fertile land are being lost every year,
and these processes do much harm to the environment of the region.
Therefore, involvement of the industrial wastes to further processing
with the purpose of production of the artificial porous concrete
aggregates is the actual problem.

The goal of this investigation is to develop the artificial porous
concrete aggregate (silyropor), which must be made on the basis of the
technogenic raw materials of ore mining and smelting enterprises in
Kryvyi Rih provided that this artificial porous concrete aggregate will
both high quality and low energy intensity parameters. Standard and
special methods were used in the course of these investigations in order
to determine properties of various components and composition of the
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charge material as well as composition of the raw particles of the
concrete aggregate.

In the course of selection of relevant composition of the charge
material, silicate technogenic raw materials as well as clay and shale
materials of the overburden rock were used as these materials are not
utilized in industrial production. Use of the finely ground materials in the
charge material (fineness: up to 1 mm) did make it possible to receive
the raw particles of the concrete aggregate which had a satisfactory
quality. In order to increase strength of the raw particles, we have added
up to 2,5% of the activated clay technogenic materials. In this case, it
was possible to achieve increase of compression strength of the raw
particles up to 10,1 N approximately, while their impact strength will be
increased by 5 times.

These investigations have made it possible to develop new method
of manufacture of the concrete aggregate for concretes with the help of
such components of the charge material, which differ from the already
known components and which make it possible to manufacture silyropor,
which has sufficiently high quality and low energy intensity parameters.

KirouoBi cinoBa: cumyponop, crnocid BUTOTOBJICHHSI CHIIypOIIOpY,
CKJIaJ] IIMXTH, CAPOBUHHI TPaHyJId CHIYPOTIOPY.

Keywords: siluropor, method of manufacture of the siluropor,
composition of the charge material, raw particles.

Beryn. CyuyacHuii HampsIMOK Yy BUPOOHMITBI  OyIiBeJbHUX
KOHCTPYKLiH TIPYHTYETBCS Ha 3aCTOCYBaHHI JIETKMX 1 IOJIETHIEHUX
O€TOHIB, JJsi BHPOOHMIITBA SIKUX HEOOXiJIHO BHUKOPHCTOBYBATH JIETKI
3aroBHioBadi [1].

Creoroani OyniBenbHI Marepiaii i BHPOOM BUTOTOBJISIOTH, B
OCHOBHOMY, 3 TPHPOJHOT CHPOBHUHH 1 pijamie 3 MOOIYHHX TMPOIYKTIB
npomucioBocti [2]. Tlpote, mOpiuHO 3100MY Y BEIMKUX KIIBKOCTSIX
CUPOBUHHM 32 HAsIBHOCTI B3a€MO3aMiHHHX TEXHOT'CHHHMX BIJXOJIB 1HIIMX
raigy3eld MpOMHCIIOBOCTI HOTIpIIy€e €KOJIOTiYHY 00CTaHOBKY. TeXHOTeHH1
BIIXOMM — II€ BIOXOOW BUPOOHUIITBA, SKi INKIIJIMBO BIUIMBAIOTH Ha
KHUTTEMISUTBHICTD JIFOANHH Ta HABKOJHIIHE cepenouiie [3].

VY KpuBopizpkoMy 3aiizopygHoMy OaceiiHi mopsig 3 BUAOOYTKOM
Oararoi 3aJli3HOI PyIW BETUKHA PO3BUTOK OTPHMAJIO0 BUKOPHCTAHHSI
OlIHMX Py IIITXOM iX 30aradeHHs i arsomepairii. 30aradeHHs 3a1i3HUX
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pyn ripHudo-30arauyBansHuME KoMmOiHaTamu (I'3K) cympoBomKyeThes
YTBOPCHHSM BEJIMKOI KUIBKOCTI BimxomiB mo 50 ... 55% Big ix
nouatkoBoi Macu. lllopiuno ckimamaerbes B cxoBuma g0 60 MIIH. 3

BimxoniB 30aradeHHs. B mimomy, 3 mouatrky excmiyaramii 13K, B
xBocTtocxoBumax Kpusbacy HakomndeHo Omm3pko 1,5 wip. M3

Bixo/iB 30araucHHs. Lli BiIX0 M MOTIPIIYIOTH EKOJIOTIYHY CUTYAaIlil0 Ha
KpuBopixoki Ta 1X MOXKHA PO3TIISAAATH SIK IITYYHO CTBOPEHY CHPOBUHHY
0a3y st Oy/IiBHUIITBA Ta BATOTOBJICHHS OyMiBeIbHUX Matepiaiis [4].

BukopucTtaHHs BiAXOIIB TipHHAYO-METAITYPriiHOI MPOMHUCIOBOCTI
Ui BUpOOHWITBAa OydiBENbHHUX MaTepiaiB B TOMYy YHCHi i
3aITOBHIOBAYIB JIJIsl OCTOHY € aKTYalbHUM, TaK K PO3IIUPIOE CUPOBUHHY
0a3y Ta TOKpaIroe exoJoriro [3].

AHaJIi3 0CTaHHIX A0CixKeHb Ta myoaikanii. B ganuii yac icuye
3HaYHAa KUTBKICTh TEXHOJOTI BHTOTOBICHHA INTYYHUX TOPHUCTUX
3alOBHIOBAYiB. A Tak e 3Ha4Ha KiTbKICTh PEKOMEHIOBAHUX CKIIAJIiB
IIUXTH JIJIS IX BATOTOBJICHHS, B TOMY YHMCII 1 3 BAKOPUCTAHHSAM BiJXOJIiB
ripHr90-30arauyBaibHUX KOMOiHaTIB [6].

AmHamiz BIiJOMHUX TEXHOJOTIH OTPUMAaHHS IITYYHUX MOPUCTHX
3alOBHIOBAYIB 1 CKJIJIB IIMXTH JJIs iX TPUTOTYBAaHHS IIOKa3aB, IO
OTPUMaHI B JJAHUI Yac 1O BIJIOMUM TEXHOJIOTISAM 1 3 BIJOMHUX IIUXT JICTKI
HaIOBHIOBAaYi MalOTh LIy HU3KY HeAOJiKiB. 30Kkpema, abo oaep>KyBaHi
HATIOBHIOBAadi HE B MOBHIM Mipi BiINOBIaI0Th CY4acCHUM BHMOTaMm, abo
TEXHOJIOTIS iX OTpUMaHHS JOCUTh CKJIaJHA 1 MaioeeKTHBHA BHACIIIIOK
BHCOKOI €HEpProeMHOCTI [7].

Mera Ta 3aBaaHHs. MeTOIO JOCII/PKESHHS € OTPUMAHHS [TYYHOTO
MOPUCTOTO 3allOBHIOBa4a BUTOTOBJIIEHOTO HAa OCHOBI TEXHOTEHHOI
CUPOBUHHM TipHHYO-METANYPTiiHUX mignpueMcTB Kpusoro Pory.

3BifICH BUIUIMBAIOThH HACTYITHI 3aBJIJAHHS JTOCIiKEHb!

- BH3HAYUTH BIUIMB KOMIIOHEHTIB IIMXTH [UIsi BUTOTOBJICHHS
MITYYHOTO TOPUCTOTO 3allOBHIOBAYa 3 TEXHOI'CHHOI CHPOBHHHU Ha HOTO
(i3MKO-MeXaHi4Hi BIACTHBOCTI;

- BCTAHOBHUTH B32€MO3B'S30K MiX CKIQJIOM Ta BIACTHBOCTSIMU
KOMITOHEHTIB  IIMXTH JIJI1 BUTOTOBJCHHS INTYYHOTO IOPHUCTOrO
3aIll0BHIOBaYa Ta MPOLECOM TEPMOOOPOOKH;

Pe3yabTaTu mociaimkens. 3 orsily Ha BUKIIAJCHE, B JaHiil poOOTi
MTOCTaBJICHA METa OTPUMAaHHS JISTKUX 3allOBHIOBAYiB Ha OCHOBI BiIXOiB
TEXHOI'CHHOI CHPOBMHM 1 pPO3po0OKa crmocody 1iX OTpUMaHHS 3
MaKCHUMaJIbHOI0 €KOHOMIEI0 EHEPropecypciB.
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HochimkeHast 1 po3poOKy TexXHOJOrii BHPOOHHIITBA INTYYHOTO
MOPUCTOTO 3aloBHIOBaYa Uil OETOHY MPOBOAWIM B JabopaTopii
HaIOBHIOBadiB 1 OeTOHIB Kadenpu TexHomorii OyaiBensHUX BHPOOIB Ta
KOHCTPYKIIi#t KprBOPi3bKOTO HALIOHATEHOTO YHIBEPCUTETY.

Hns  migbopy CKiagy UIMXTH BUKOPHCTOBYBAJIM  CHITIKATHY
TEXHOTEHHY CHUPOBHHY Ta TJIMHUCTO-CIAHIEBI PO3KPUBHI MOPOIH
Kap'epiB, SIKIi HE MalOTh MPOMHCIOBOTO BHUKOPHUCTAHHA. 3aCTOCYBaHHSA
TOHKOITOAPIOHEHWX MaTepialgiB B IMUXTH JO3BOJHMIO OTPHUMATH CHpI
rpaHy/y 3alI0BHIOBAYa 33J0BLIbHOT SIKOCTI (Tab. 1).

Beenenns B muxty mMeHiue 25% noapiOHEHOI CllaHIIeBOI CHPOBUHH
HE JI03BOJISIE OTPUMATH JOCUTPH MIIlHI TPAHYIIM MTOPUCTOTO 3aIIOBHIOBAYA,
0COOJIMBO MO yIApHUX HaBaHTaXEHHAX. Ha sKICHI NMOKa3HUKU CHPHUX
TpaHysl CHIIypoIopy pOOUTH MO3UTHBHUM BIUIMB JO0OaBKa B MHUXTY 1 ...
2% aKTUBOBAHOI IMIMHACTOI TEXHOI'€HHOI CUPOBUHH.

Tabmunsg 1
SIKicHI MOKAa3HUKH CHPUX TPaHyJ Pi3HUX CKJIAMIB
Mudp MacoBa yacTka MirHiCTB
claty BOIIOTH, % NIpY CTUCKY, | TIPH ynapi, pas
H/ok

1 8,9 59 3

2 8,85 7 3

3 8,8 9 4

4 8,75 10,8 5

5 8,95 11,2 6

6 91 12,1 6

Ha puc. 1.1-1.6 mpuBeneHi 3aJeKHOCTI BJIACTHBOCTEH CHPIIOBHX
rpaHyl i OTPUMAHOTO 3 HHUX INTYYHOTO IIOPUCTOrO 3allOBHIOBAdYa
CHJIYPOIIOPY BiJi KPYIHOCTI CHPOBHHHOTO IOPOIIKY, KUIBKOCTI —Ta
LITBHOCTI 3MOYYBajJbHOTO PO3YHMHY, HYacy TpaHyJslii Ta KiTbKOCTi
CKJIaJIOBUX IIMXTH.
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Puc. 1.1. 3anexHicTh MIIIHOCTI BOJIOTUX CUPOBHHHHX I'PaHyJI BiJl KPYITHOCTI
CHUPOBUHHOTO TIOPOLIKY, MM
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Puc. 1.2. 3anexHicTh MIIIHOCTI CHPOBHHHUX TPaHYII BiJ] 4acy TPaHyIIAIIl
TEXHOI'€HHOI CTPOBUHH, XB.
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Puc. 1.3. 3anexHicTh MIIHOCTI CHPOBHHHUX TPAHYJI BiJl KITBKOCTI
3MOYYBaJIBHOTO PO34YHHY, M %
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Puc.1.6 . 3anexxnictb KoedilieHTa CIIy4eHHSI CADOBHHHUX I'PaHYJI Bij
Yacy IpaHyJsiiii, XB
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Tak sk mporec TOmpiOHEHHS CHPOBHHHUX MaTepialliB, OCOOIHBO
CIIaHIIEBOI TEXHOT€HHOI CHUPOBHHH, JOCHTH EHEProMarepialoeMKHI,
Oy TpoBeneHi IOCIIDKEHHS BIUIMBY KPYITHOCTI Ii€i CHPOBHHH Ha
MIPOLIEC BUTOTOBJICHHS CHPOBUHHIX TPaHyJ Ta X MIITHOCTI (Tabr. 2)

Tabnung 2
3MiHa MIIHOCTI CUPUX TPaHyJ IPH Pi3HIN KPYITHOCTI BCITYYIOI0Y0TO
KOMITIOHEHTY IIUXTU

Macosa yactka (%) Kj1aciB, MM Macoga MinHicTh
YJacTka
3-1 1-01 0,1- BoJioru,% npH npu
0,01 CTHCKY, yaapi,

H/ox pa3
0,0 0,0 100,0 91 10,1 5
10 60 30 9,3 7,5 4
30 65 5 9,2 6,8 4
0,0 100,0 0,0 9,0 9,8 6
100,0 0,0 0,0 9,0 4,8 4

Haiikparii moka3HHKH JJi1i CHDOBUHHOT CYMIIIli 110 BUTOTOBJICHHIO
CHpHUX TpaHyJl CHIYypPONOpY, IO CKJIaJaeThCsl HANOJIOBUHY 3 CHIIIKATHOI
TEXHOT€HHOI CHPOBMHHM 1 HAamoOJIOBUHY 31 CJIaHUEBOi TEXHOT'€HHOI
CHUpPOBHMHH, OTPUMaHi MpH KPYyMHOCTI octaHHix MeHme 0,1 mm. s
30IBLICHHS] MIIHOCTI CHPUX TpaHyll NpU KPYHHOCTI CJIaHLEBOI
TexHoreHHoi cupoBuHi 1...0,1 MM poGaBmsm y mmxty 1,5%
AKTHBOBAHOI TJIMHUCTOI TEXHOT'C€HHOI CUPOBMHHU IIPU I[bOMY X MIIHICTb
NpH CTUCKaHHI jgocsrana - 10,2 H/ok Ta MinHicTh nipu ynapi - 6 pasis.
30UTBIICHHST KiIJIBKOCTI CIIAHIIEBOI TEXHOTEHHOI CHPOBHHH KPYITHOCTI 3
... 1 MM HecnpuUATINBO BiAOMBAETHCS HA MIITHOCTI CHpUX Tpanyi. Tomy
MaKCUMaJIbHO JOIIyCTUMY KPYIHICTh CJIaHIIEBOI TEXHOTCHHOI CUPOBUHU
O0OMEKMIIN BETMYMHOIO B 1 MM.
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[Iportec TepMiuHOi 0OOpPOOKHM CHPOBHHHUX TpaHyl CHIYPOIOPY
CKJIaJa€ThCsl 3 HACTYNHUX OMEpaliii: Cyllka CHPUX TpaHys, ix
HArpiBaHHS 70 TEMIIEpaTypH CITyIyBaHHsS, BUTPUMKA IIPH TEMIIEpaTypi
CITy4yBaHHS 1 OXOJOKEHHS.

Cymka cHupHX TpaHyJd MpH BUPOOHWUITBI IITYYHOI'O HOPHCTOTO
3allOBHIOBaYa CUIIYpOTIOPY BHUKOHYBajach TPAAHULIHHUM METOJOM -
CIIOYaTKy CyIIKa TPOAYBOM, a IIOTIM TIOJAJIBIINHA Tepexig Ha
peBepCHBHY CyIIKy. Y TIpOIeci IOCTi/DKEHh BCTAHOBIIEHO, IO B
MOPIBHIHHI 3 KEPaM3UTOBUMH TpaHyJIaMH TPHUBATICTh MPOLECY CYIIKH
CHUpUX TpaHyld cuiyp omopy mnpu temmeparypi 270 ... 320°C
301TBIIYETHCA.

3 MeTOI0 MOJINIIEHHS MPOIeCy CYIIiHHA CUPUX T'paHysl MTY4IHOTO
MOPHUCTOTO 3allOBHIOBAaYa 1 3HWKEHHsI HOTO TPUBAIOCTI MPAKTUYHO 0
3puuaitHoro piBag (10 ... 15 XB) 30ULMBIIMIM BBEACHHS B yCi CKJIaau
Xt 10 2 ... 2,5% rIUHICTOT aKTUBOBAHO! TEXHOTCHHOI CHPOBUHH.

VY mponeci po3poOKKM BHTOTOBJICHHSI CHIIYPOINOpPY AOCIiIKyBaBCs
MOBUTBHAN PEXHUM HarpiBy (IIBHIKICTH MiJBUINCHHS TEMIIEPATypH O
50°C/xB), o 1ano 3MOTry OTPUMATH 3alOBHIOBAY HACHITHOIO HILTBHICTIO
(400...500 kr/rm?).

HocnijpkeHHST TIpollecy CITydyBaHHS Marepialdy CBig4aTh TIpo
JOCUTHh HEBUCOKUH TeMIEepaTypHUH piBEeHb MPOLECIB I JOCITIHKEHUX
CKJIAIIB IIIUXT.

3HaYHU{ BIUTMB HA IIBUJAKICTH MMOpPHU3AIlii HAMAE CKIIa] TEIUIOHOCIS,
0 TIOJIAEThCA B MiY. 3HIKeHHs cmiBBigHomeHHs 10 (1: 0,8) mo3Bose
3HAYHO [OKPALIUTH IOKAa3HUK HACHIHOI ILIUIBHOCTI  T'OTOBOTO
3aIlOBHIOBAYA.

Ox050)KEeHHsI TOPUCTOTO 3allOBHIOBaYa BUMarae Oinpmioro Ha 35
... 40% wdacy, BHAcHiIOK 3MEHIICHHS TOBILMHM MIapy, SKIIO TepMiduHa
00poOKka TPOBOJUTHCS HAa KOHBEEPHHUX MalMHAaxX. [Ipu BHKOpHCTaHHI
Uiss  TepMidHOT 00poOkM TpyOuactoi o0epToBOoi Tewi mporec
OXOJIOMKEHHS HIYMM HE BiIPi3HIETHCS BiJl BAPOOHULITBA KEPAM3HTY.

CTpykTypHi OCOOJMBOCTI TpaHy/l 3allOBHIOBa4Ya 13 TEXHOT'CHHOI
CHpPOBHHH IHTETpajbHa MaKpOIIOPUCTICTh, PO3MOALI IOp MO PO3MipaM,
IIMPHHA TEPETOPOAOK IOp, a TaKOXXK BH3HAYCHHS (Pa30BOro CKIALy
3allOBHIOBaYa IIbOTO BHUIY JOCTIMKYBAIUCh METOIOM  CBITOBOI
MIKPOCKOITIi 1 METOI0M peHTreHO(a3HOTO aHaI3y.

BucHOBKH Ta mepcHeKTHBH NMOJAJBIINX J0CHiIKeHb. BukoHaHi
JOCHIDKEHHST TO3BOJIMIIM PO3POOUTH CHOCIO BHPOOHHUIITBA IITYYHOTO
MOPUCTOTO 3alOBHIOBaYa JUIsl OETOHY — CHIIypOHOpY i3 TEXHOTCHHOI
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CHUPOBUHH TipHUYO-MeTanypriiaux mignpuemcts Kpusoro Pory. Hanwmit
CHoCi0 i BUKOPUCTAHI KOMIIOHCHTHU IIUXTH BiJIPI3HSAIOTHCS BiJl BIIOMUX i
3a0e3MeYyI0Th OTPUMAaHHS JIETKOTO 3allOBHIOBAYA - CHITypPOIIOPY JIOCHTh
BHCOKOI SIKOCTI 13 3HIKEHUMH CHEPTOBUTPATAMH.

[IpoBeneHi AOCHIKCHHS Jadd 3MOTY BCTAHOBUTH KPYITHICTh

CHPOBHHHOTO TIOPOIIKY,  4acy HOro rpaHyJjsmii Ha BIAcTUBOCTI
CHUPOBHMHHHX I'PaHyJl LITYYHOTO IOPHUCTOIO 3allOBHIOBAaua - CHIYpPOIOPY
Ta BCTAaHOBUTH ONTHUMAJbHI iX 3HAYECHHS :

- MIIHICTh CHUPOBHMHHHX TrpaHyn mpu ctuckaHHi — 10,2 H/ok Ta
MIIHICT TIpH yaapi - 6 pasis.

- CHpPOBHHHI MaTepiaju MOBUHHI OyTH MOApiOHEHI OO YacTHHOK
po3mipom 1 mm;
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