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Kyaunkos FOpuii BuktopoBuy, npodeccop, KaHAUIAT TEXHIYECKUX HAYK

Bapuenko /Imurpuii AHaTO/IMEeBUY, MATUCTPAHT

O BNMNAHUN ®PAKLMOHHOIO COCTABA WWNXTOBbIX MATEPUANIOB U PEXXUMOB
NMPECCOBAHUA HA KAHECTBEHHbIE MOKA3ATENWN NONY®ABPUKATA
MATHE3WANBbHbIX OFTHEYNOPOB

Kapaeanounckuil 2ocyoapcmeennviii mexnuueckuu ynusepcumem, Kazaxcman

BbInonHeHbl uccnepoBaHus BAUAHUSA PaKLMOHHOIO COCTaBa LUMXTOBbLIX MaTepmarnoB Ha OCHOBE NnaBfeHo-
ro KUTancKoro nepuknasa, a Takke AaBrneHns NPecCcoBaHUA U ANUTENbHOCTU BbIAEPXKKM MPU MakCUManbHOM
JaBneHuu, Ha cBoncTBa nonydgabpukaTa MmarHesmarbHbIX OrHEYMNopoB.

KnioueBble cnoBa: marHeauarbHble OrHeymnopbl, XMMUYECKUn cocTaB, (pakLMOHHbIA COCTaB, MpeCccoBaHue,
ONUTENBHOCTb BbIAEPXKKM NPU MaKCMMaribHOM AaBMEHUM

Beedenue. PazButne OTHEYMOPHOW IMPOMBIII-
JIEHHOCTH B 00JIaCTH MarHe3WajbHBIX OTHEYIOPOB
HOBOTO TOKOJICHUSI BOBMOXKHO Ha OCHOBE TTyOOKO-
0 HAYYHOTO WCCIEeNIOBaHUS (DU3UKO-XHMHYECKON
MEXaHWKH W TIETPOJIOTHH TPOIECCOB (OPMHUpPOBa-
HUS YKa3aHHOTO BUIa OTHEYHopoB [1].

[loBbllicHHE KavyecTBa MarHe3WalbHBIX OTHe-
YIOPOB HAYWHAETCS C POCTa CONEP)KaHUS OKCHAA
MarHusi, YBeITUUYCHHS Pa3MEPOB KPUCTAIIIOB MEPUK-
Jla3a U IJI0OTHOCTH TIEPUKIIa30BBIX MOPOIIKOB [2].

[locmanoska 3a0auu. VccienoBare BIUSHHUE
(hpaKIIMOHHOTO COCTaBa IMXTOBBIX MaTEepPHAliOB, a
TaK)Ke JABJICHUSA U JUIUTEIBHOCTH BBIICPKKH TPH
MpeccOBaHUM Ha CBOICTBa monydadpukara marHe-
3WaJbHBIX OTHEYTIOPOB.

OcHosnasa wacmov uccreooganuii. Ilpu mpowus-
BOJICTBE OTHEYIIOPOB 0c0o0asi pojib OTBOJIUTCS CO3-
JaHWIO MX CTPYKTYpPHI, (GOPMHUpPYyEMOH B Tpoliecce
WU3rOTOBJICHUS], YCTOMYMBOW K BO3AEHCTBUIO KOPPO-
JTUEHTOB METAJUTYPrHYECKOr0 MPOU3BOICTBA.

TpeOyeMyro CTPYKTypy OTHEYIIOpa IOJYyYaroT
MMyTeM PETyIUPOBaHUS 3€PHOBOTO COCTAaBa IIMXTHI
THIATEJIBHBIM TI0JJ00POM COOTHOIIEHHUS OTACIbHBIX
(bpakmuii mopomka. KpyrmHO3epHUCTBIE TOPOIIKH
pasmepom Oornee 0,063 MM KiacCUGUIUPYIOT Ha
OTJICNIbHBIC (PPAKIMU, MPUMEHSS PACCeB Ha CUTax
WIK BO3AYIIHYIO Kiaccupukamnuioo. B oredecTBeH-
HOM TPaKTHKE IPOU3BOJCTBA OTHEYIIOPOB 4Yallle
Bcero BbiensiioT ¢pakmuu 3-1 (3-0,5), 1-0,5 (0,5-
0,1) u menbiie 0,063 mm. [Ipumenenue Gosee y3-
Kux (ppaknuii mopoika, Kak MmpaBUiIO, CTaOUIN3U-
pYyeT 3epHOBOI COCTaB MIUXTHI, a CIEIOBATEIHHO, H
KadecTBO m3Jienuil. OTnenbHbIe GpaKIuu MOPOIIKa
(6onee 0,063 MM) mpu THIATETHFHO TOM0OpAaHHOM
COOTHOILIEHUH 00pa3yloT Kapkac, B KOTOpoM ¢op-
MHUPYIOTCSl TyCTOTHI (TIOpBI) Anamerpom Oomee 10
MKM.

© Kymuxos 10.B., Bapuenxo I.A., 2019

HccnenoBanne MiaBIeHOTO MAarHe3UTOBOTO
MOPOIIKa XUMIYECKOTO cocTaBa, %: 96,5 MgO; 1,6
Ca0; 0,8 Si0,; 0,7 Fe,O5; 0,4 Al,O3 BEIIONHIN HA
mabopaTopHBIX 00pasnax-IMUIMHAPAX AuaM. 36 MM
1 BeICOTON 50 MM.

OntumaneHBIA 3€pHOBOM COCTaB TOAOUpaIH
UCXOJISl U3 TEOPETUIECKUX COOOpasKeHHH, YTO Hau-
OoJiee MIOTHON YIAaKOBKU JOCTUTAIOT B COOTHOLLIE-
Huu 7:3 (70 % xpynuoit ppaxuuu u 30 % menkoit
¢dpaxiun). s yBIaXHEHUs IIUXTHl MPUMEHSIIH
BOJIHBIH PAaCTBOP TEXHUYECKOTO JIMTHOCYJb(aHaTa
mioTHocTEIO 1,23 T/em’. 3epHOBOI COCTaB MarHe-
3UTOBBIX TIOPOILIKOB MPHUBEJCH B Ta0MI. 1.

Tabuuna 1 — 3epHOBOIl cOCTaB MarHe3UTOBBIX MOPOII-
KOB, MCHOJIb3YCMBbIX IPU MPUTOTOBJICHUU OFHeyHOpHOﬁ
MaccChl

3epHOBOM cocTaB 1Mo ppakuusim, %o
Ppaxias =P T (bli-o,s <05
MM MM MM MM MM
3-1 MM 8,0 34,8 454 11,8 0,0
1-0 Mm 2,5 30,0 67,5

Ocobas poss B GOPMUPOBAHUH CTPYKTYPHI OT-
HEeyIopa NMPUHAJIEKUT TOHKOMOJIOTOMY IOPOIIKY
¢pakumu menee 0,063 MM, KOTOpasi IpU AaJbHEN-
me TexHolormdecko o00paboTke GopMupyer
MEJIKOTIOPUCTYIO CTPYKTYypy OrHeymopa. Jis mpo-
M3BOJICTBA OTHEYIIOPOB C MEIKOMOPUCTOMN CTPYKTY-
poii HEOOXOJIMMO YETKO KOHTPOJIMPOBATh pacipe-
JIeJIeHHE YacTUL B YKa3aHHOH AucHepcHON ¢pak-
mu [3].

[IpuroTtoBienne MarHesura (Qpakuuu MeHee
0,06 MM mpou3BOAMIM B JIAOOPATOPHOM MIApOBOIi
MenbpHHIEe. CMEeIeHre TOPOIIKOB BBITTOJHSIN B Ja-
O0opaTtopHOM cMecuTelie (BIaKHOCTh Macchl 2,2-2,4
%) s GopMuUpoBaHUS UX HanOoJee paluoHalb-
HOW KOAaryJsimMOHHON CTPYKTYPHI [4].

ITopuctocTe M3AEMMN 3aBUCUT HE TOJBKO OT
YCUJIMHA M yCcIOBHUH (OPMOBaHHUSA, HO TaKXKe OIpe-
JIeNsieTCs COOTHOLIEHUEM pPa3MEpOB 3€PEH MACCHI.
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3epHOBOI COCTaB OTHEYITOPHON MAacCChI MPUBEICH B
Tao. 2.

Tab6umua 2 — 3epHOBOH COCTaB OTHEYIOPHOI MacChl

3epHOBOI1 cocTaB no ¢paknusam, Y%

>3 3-2 2-1 1-0,5 <05 < 0,063
MM MM MM MM MM MM

2,8 13,4 18,3 13,4 52,1 37,0

15 11,7 19,0 13,5 54,3 32,0

3,0 15,0 21,2 12,2 48,6 35,0

3,0 115 17,0 14,5 54,0 36,5

3,0 13,7 20,5 14,0 48,8 33,5

2,0 13,0 18,2 13,0 53,8 32,5

Copnepxanue ¢pakuuii menee 0,5 MM B Macce
HaxoAwmIoch B mpeaenax ot 48 no 54 %, conepxa-
nue dpaxun mernee 0,063 MM B npenenax 32-37 %,
YTO COOTBETCTBYCT TCXHOJIOT'MYCCKUM Tpe6OBaHI/I-
SIM, TIPEIBSIBISIEMBIM K TIPOW3BOJICTBY OTHEYIIO-
pos [5].

H3rotoBienne oOpa3loB OTHEYIOPOB OCYIIE-
CTBJISLITA METOJIOM TIOJYCYXOTO TIPECCOBAHUS HA Jia-
6oparopaom ruaporpecce [ICY-250 ycunmem
npeccoanus 2500 KH.

[Tpu mpeccoBaHuM HA THIPOTPECCaX KaxKyIasi-
Csl TUIOTHOCTH CHIpPIAa 3aBUCHT OT CBOWCTB MACCHI,
BCJIMYUHBI OABJICHUA W JJIUTCIBHOCTHU BBIACPIKKU
MPY MaKCHUMaJIbHOM JIaBJICHUU NIPECCOBAHMS.

B mpecc-popmy 3arpyxkaror crnabo yBIaKHEH-
HYI0 TIOPOIIKOOOpPa3HyI0 Maccy. KOTOPYIO Tpecc
C)KMMaeT B BEPTHKaJIbHOM HampasieHuu. [locme 3a-
BEpIIICHUS TIPOIIecca MPECCOBAHMS H3eHe (ChIPelr)
BBITAIKUBAIOT U3 TIpecc-PpOpMBI B IUKI MpeccoBa-
HUsS MOBTOPSIOT. Kak pe3ynbraT nmpeccoBaHHs BO3-
pacTaeT KOHTAaKTHasl TIOBEPXHOCTh MEX]y 4acTHIla-
MU W WX CIEIUIEHHE. YMEHBIIAeTCs IOPUCTOCTD,
CHIDKAETCS pa3Mep KPYIHBIX TOP U yBEITUYHBACTCS
oOImas ynenbHasi IOBepXHOCTh mop. Ilpu Hemocra-
TOYHOM JIaBJICHHH B TPYOO3EPHUCTHIX Maccax Mo-
I'yT 00pa30BBIBATHCS MMOPHI 3aKIMHUBAHUS, TaK Ha-
3pIBaeMasi JIOXKHO 3aKpbITas MOPUCTOCTh. Komrio-
HEHTBI MAacChl B IPOIECCE MPECCOBAHMS YACTHUHO
MepepacipeaeNssoTCs, YTO BRIPAKAETCS B TIEPEOPH-
CHTAllUM YacCTull, NpUu4eM HIUPOKHUE CCUCHHA YacC-
THI ¥ TIOp PAaclojiaraloTcs B IJIOCKOCTAX, Mapaj-
JIENBHBIX TUIOCKOCTH TpeccoBaHus. (Opasyercs
AHU30TPOINS MaKpPOCTPYKTYPHI, KOTOpasi OCTaeTcs
1 Tociie 00XHuTra W O0yCIIOBIMBACT aHU3OTPOTIHIO
HEKOTOPBIX CBOMCTB U3aenui [6].

Bo3moxnbl 5Ba  cmocoba  cTaOWiIu3anuu
CBOWCTB CBIpIIa Ha THAPABIMYECKUX mpeccax. [1o
IIEPBOMY M3 HHUX IIPECCOBaHHE BEAYT IO TeX IIOp,
MOKa B MPECCYIOUIEH CUCTEME HE CO3/1aeTCs MaKCH-
MaJIbHOE JIABJIEHUE, KOTOPOE 3aTeM YIANSIOT MOCIe
ONPEACIICHHON JIIMTEILHOCTH BBIAEPXKKU. Eciu
MIPH 3TOM TOJIIMHA CBHIPIA OTKIIOHSIETCS OT 3aJaH-

HOTO 3HAUCHHMS, TO PETYIUPYIOT TIIyOHHY 3aCBIIKH.
Bropoii crioco0 3akirodaeTcsi B TOM, YTO IPeccoBa-
HUE BeIyT 1O TOJyYeHHs IIOCTOSIHHOTO pa3Mmepa
CBIpIa, TOCe 4Yero JaaBiieHune cOpacwBaroT. Ecim
IpU 3TOM 3HAUCHHE JABJICHHS OTKIOHSETCS OT 3a-
JAHHOTO, TO PEryJIUPYIOT 3aCHIIKY.

ITpn mpeccoBaHuM OTHEYMOPHBIX Macc B HH-
tepBane gasieHui 10-200 Mlla 3aBUCHMOCTD Me-
JKAY TIOTHOCTBIO CBHIPIIA M JAaBJIICHHEM IPECCOBAHMS
BeIpakaeTcs popmyinoit A.C.bepexHoro:

T =a-b-lgP , (D)
rae [1— o0mas nopucTocTb, %; a, b - TOCTOSHHBIC
KO3 GUIMEHTBI; P — JaBieHue mpeccoBaHUS,
MITa.

CrnemyeT OTMETUTH, YTO TTOCTOSTHHBIN K03(pdu-
UCHT @ XapaKTepU3yeT MOPHCTOCTh MAacCChl Mepen
npeccoBaHueM u paBHa ~50 %, a MOCTOSIHHBIN KO-
s durpent b orpaxkaer cmocoOHOCTh Macc K yI-
JIOTHEHMIO M 3aBHCUT OT COCTaBa M PEOJOTMUECKHX
CBOIICTB MacC; BO MHOI'UX cCliydasdaX IIpU OdaBJICHHUU
okosio 100 MITa b = 15. TTocse moaCTaHOBKH Cpe/I-
HUX 3HAYEHUH IOCTOSHHBIX d U b, a TaKKe IMPUHU-
Mas nasinenue npeccoBanug 100 Mlla, momydator
3HAUYE€HHE MOPHUCTOCTH, XapaKTE€PHOE IS HOIyCy-
xoro npeccoBanus MHOTHX Macc: [1 =20 %.

B Ttabn. 3 mpuBemeHBl 3HAYCHUS KaXKyIIEHCS
IUIOTHOCTH ChIpLA M MOPHCTOCTH OT peKuUMa Ipec-
COBaHHUSI.

Tadnuua 3 — XapakTepUCTHKA KaXyLIEHCs MIOTHOCTH
CBIpIIA, TIOPUCTOCTH B 3aBUCHMOCTH OT YJIIEJILHOTO JaB-
JICHUSI ITPECCOBAHUS

VY nenvHOE Kaxymascs ToprcTocTs [penen
JaBJICHUEC IIJIOTHOCTH HquHOCTI/I
OTKpBITaSI,
HpeCCOBaHI/Iﬂ, CLIpL[a, % HpI/I CXKa-
klla r/em® THH, H/mm?
2.86 21.0 199
10,95 2,88 202 250
2,90 20,0 208
110 2,93 190 310
2,95 19,0 34,5
12,0 2,98 187 394
3,01 16,5 74.4
15,0 3.02 162 765
3,07 13,9 92,5
18,00 3.0 137 95.1

ITokazaTenn Kaxymencs TUIOTHOCTH CBIPIA
CBHIICTEIBCTBYIOT O TOM, YTO MPH YBEIUICHUH
yAENbHOrO naBlieHus npeccoBanus ot 10,95 mo
18,0 xIla minoTHOCTE chIpIa yBenu4nuBaeTcs ot 2,86
r/em® 110 3,06 r/em’,

BiusiHue MIMTETFHOCTH BBIACPKKHA TIPU MakK-
CHMaJbHOM [IaBJICHUU NPECCOBAHUSA H3Y4alld MPHU
MakcuMayibHoM naBiaennu 12,0 u 15,0 xI1a.
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CxaTelii  BO3MyX, COIEp)KaIuiics B Macce,
pacimmpssich, CO3JaeT pacTATHBAIOLINE YCHIUS U
oOpasyeT pa3pbiBbl B cwipue. IloaTromy nenecoo0-
pa3HoO BO3AyX M3 MacChl yAAlATh, YTO MPOUCXOAMUT
BO BpeMsI [1ay3bl B KOHIIE IIPECCOBAHMS.

Hwuskas mpodHOCTH chIpIia Mocje MpeccoBaHMs
o0ycIoBIIeHa HATMIMEM BO3AYIITHBIX 000JI0YEK BO-
KpYI' KaKI0T0 3€pHa, KOTOpbIe ¢ OOJBIINM TPYAOM
yIAISIOTCS TpH mpeccoBaHuu. [lpu HU3KMX Ha-

YaJlbHBIX JIABJICHHUAX MPECCOBAHUS BO3IYILIHBIC
000JIOUKH OO0JIETHAIOT CKOJBKCHUE 3EPCH W SIBJIS-
FOTCS TUTACTH(UKATOPAMHU, HO MPH 00Jiee BBICOKHX
JABJICHHSIX TIPECCOBAHMS, BO3IYIIHBIE OO0OJIOYKH
MPENSATCTBYIOT HE TOJNILKO KOHTAKTUPOBAHHIO 3€PCH,
HO ¥ YIPOYHEHHIO MX KOHTAKTOB.

B 1a6:1. 4 nmpuBemeHa 3aBHCHMOCTh KaueCTBCH-
HBIX XapaKTEPHCTUK MarHe3WMalbHBIX H3ICIHH OT
JUTATEIILHOCTH BBIJCPIKKH TIPH MPECCOBAHUH.

Tabauua 4 — XapakTepuCTHKA TOTOBBIX MAarHE3UATBHBIX N3JEIHN B 3aBUCHMOCTH OT JJIUTEIbHOCTH BBIICPKKH TIPH
MaKCHMaJIbHOM JaBJICHUH MPECCOBAHMS

[aBnenue JnurensHOCTh Kaxymasics OTKpEITas
IIpenen npo4HOCTH ChIpLia
IPECCOBAHUS, BBLACPIKKHU TIPH IUIOTHOCTb MIOPUCTOCTB, ou cxati. /e
klla IIPECCOBAHNUH, C chipma, r/cm’ % P ’
2,84 18,5 39,2
120 2 2.90 20,0 35.6
2,95 18,0 36,5
120 3 2,98 179 39.4
3,00 15,0 54,5
120 4 3,02 155 59,4
3,01 16,5 54,6
150 2 3,02 15.0 55,9
2,99 15,9 69,2
150 3 3,03 15.0 745
3,05 14,8 86,8
150 4 3,06 14.1 90,9

W3 tabm. 4 ciemyer, 4TO Ha CHW)KCHHE TOPHUC-
ToCTH Tody(hadprkara Mpu MPECCOBAaHUH TOJIOKH-
TCJIBbHOEC BIIMAHHUE OKa3bIBACT AJIIUTCIIBHOCTH BbI-
ACPIKKa IMMpU MaKCUMAJIbHOM JaBJICHUH.

3axmouenue. ViccienoBaHo BIMSIHUAE 3€pHOBO-
r0 COCTaBa, a TaKXKe yJEeIbHOIO JIaBICHUS IPecco-

BaHUA W IUTCIBHOCTHU BBIACPKKHU IIPpU MAaKCH-
MaJbHOM €r0 3HA4YeHWHM Ha CBOICTBAa MarHe3Hajlb-
HBIX I/ISI[GJ]I/II\/'I, HU3roTOBJICHHBIX HAa OCHOBEC IIJIaBJIC-
HOTO KMTaMCKOI'0 NepukKia3a ¢ MaJIbIM COJACPIKaAHU-
€M IIPUMECHBIX OKCHUIOB.
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BukoHaHO gocnigpkeHHs BNAMBY opakuiniHOro ckrnagy LWMXTOBUX MaTepianiB Ha OCHOBI MiaBneHoro KuTanchb-
KOro nepuvknasy, a TakoxX TUCKy NPEecyBaHHA Ta TpWBANoOCTi BUTPMMKM 3a MakCUMasbHUM TUCKOM, Ha
BNacTUBOCTI HaniBdabpukaTya marHesianbHUX BOTHETPUBIB.

KrnitoyoBi cnoBa: marHesianbHi BOrHETpMBM, XiMiYHWIA cknagd, dpakuinHui cknad, npecyBaHHs, TpuBanicTb
BUTPMMKMN 3@ MaKCUMarbHUM UCKOM

Kulikov Yuriy, candidate of technical sciences, Professor of Department of Nanotechnologies and Metallurgy, Kara-
ganda State Technical University (Karaganda, Kazakhstan)/ E-mail: kargtu@kstu.kz

Varchenko Dmitry, Postgraduate of Department of Nanotechnologies and Metallurgy, Karaganda State Technical
University (Karaganda, Kazakhstan)/ E-mail: kargtu@kstu.kz

ABOUT INFLUENCE OF FACTIOUS COMPOSITION OF CHARGE MATERIALS AND MODES OF
PRESSING ON HIGH-QUALITY INDEXES OF INTERMEDIATE PRODUCT OF MAGNESIA
REFRACTORIES

The development of the refractory industry in the field of new generation magnesia refractories is possible on
the basis of a deep scientific study of the physicochemical mechanics and petrology of the formation
processes of this type of refractories. Improving the quality of magnesia refractories begins with an increase
in the content of magnesium oxide, an increase in the size of periclase crystals and the density of periclase
powders. The effect of the fractional composition of charge materials, as well as pressure and holding time
during pressing, on the properties of a semi-finished product of magnesia refractories was investigated. The
study of fused magnesite powder was performed on laboratory cylinder samples. The optimal grain
composition was selected on the basis of theoretical considerations that the densest packing is reached in a
ratio of 7:3. To moisten the mixture, an aqueous solution of technical lignosulfonate was used. The powders
were mixed in a laboratory mixer (mass moisture 2,2—2,4%) to form their most rational coagulation structure.
The porosity of the products depends not only on the forces and conditions of the molding, but also is
determined by the ratio of grain sizes of the mass. The production of refractory samples was carried out by
the method of semi-dry pressing on a laboratory hydraulic press PSU-250 with a pressing force of 2500 KH.
A slightly moistened powder mass is loaded into the mold, which the press compresses in the vertical
direction. After completion of the pressing process, the product (raw) is pushed out of the mold and the
pressing cycle is repeated. There are two ways to stabilize the properties of raw materials in hydraulic
presses. When pressing refractory masses in the pressure range of 10-200 MPa, the relationship between
the density of the raw material and the pressing pressure is expressed by A.S. Berezhny formula. The
compressed air contained in the mass, expanding, creates tensile forces and forms tears in the raw material.
Therefore, it is advisable to remove air from the mass, which occurs during a pause at the end of pressing.
The low strength of the raw material after pressing is due to the presence of air shells around each grain,
which are removed with great difficulty during pressing. The decrease in the porosity of the semi-finished
product during pressing has a positive effect on the exposure time at maximum pressure.

Key words: magnesia refractories, chemical composition, factious composition, pressing, duration of self-
control at maximal pressure
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