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PA3ZPABOTKA OIITUMAJIBHOI'O
I'PAHYJIOMETPUYECKOI'O COCTABA
3K30TEPMUUYECKHNX I'PAHYJIUPOBAHHBIX CMECEMH

VY poboti mochimKeHni BILUIMB PO3Mipy TpaHyJl Ha CTPYKTYPHO-MEXaHi4Hi BIACTHBOCTI €K30TEpMidHOL
CyMillli, IPU3HAYEHOI IS TapsSuoro PEMOHTY BOTHETPUBKHUX (YyTEepiBOK TEMJIOBUX arperaTiB. BukoHaHo
ONITUMI3All0 OTPUMAHUX PE3YJIBTATIB 3a JOMOMOTOI0 CUMIUIEKC-IPaTYacToro METoqy W yTOYHEHUH Ofl-
TUMaJbHUN 1HTEpPBaJ AMCIIEPCHOCTI rpaHylboBaHOI ex3oTepMidnoi cymimi (1,0 — 0 mm), mo moxke Oytu
orpuMaHuii 6e3 BiaciBaHHs ToHKOI Ppakuii 0,2 — 0 mMm.

B pabore uccnenoBanHOe BIUSAHUE pa3Mepa rpaHyil Ha CTPYKTYpHO MEXaHUUECKHE CBOWCTBA IK30TECPMHU-
YEeCKOi cMecH, IIpelHa3HaueHHOM ISl TOPSYero peMOHTa OrHEYOPHBIX (DyTEPOBOK TETJIOBBIX arperaTos.
BeimonHena onTHUMU3AIMs MONTYYEHHBIX PE3YIbTATOB C MOMOIIBIO CHMIUIEKC-PEIIETYATOr0 METOAa H
YTOYHEH ONTHMAJbHBIA HMHTEPBaJ IUCIEPCHOCTH TpaHYJIUPOBAaHHOW sk3oTepmuyeckor cmecu (1,0
— 0 MMm), KOTOpast MOKeT ObITh oMy4deHa Oe3 orceBa ToHKOH (pakuun 0,2 — 0 MM

It has been investigated the influence of the size of granules on structural-mechanical properties of exo-
thermic mixture intended for hot repairs of refractory lining of heat units. Optimization is done of the
results obtained with the help of the simplex-lattice method, and it is specified the optimal interval disper-
sion of granulated exothermic mixture (1,0 — 0 mm), which can be achieved without the elimination of
fine fraction 0,2 — 0 mm.

JI71s1 TOpsSIYero peMOHTa OTHEYMOPHBIX (DYTEPOBOK 11€71€CO00pa3HO UCIOb30-
BaHHE IPaHYJIMPOBAHHBIX MOPOIIKOB SK30TepMHUECKHX cMecei [1 — 3].

[IpenBapuTenbHOE€ TpaHYJIMPOBAHWE HAHOCUMOW SK30TEPMHYECKOM CMECcH
HEOOXOAMMO HE TOJIBKO ISl MPEJAOTBPAIEHUS] YHOCA MEJIKO3EPHUCTOrO MOPOIIKa
MeTaJllla, HO U JjIs 00Jiee MOJHOTO MOBEPXHOCTHOTO OIUIABJICHHS OTHEYIOPHOTO
KOMITOHEHTa CMECH 1 ero 3()(EeKTUBHOTO MPUIICKAHUS K OTHEYIOPHOM (DyTEpOBKE.

JIs OCyIIECTBICHUSI CaMOPACIIPOCTPAHSIONIETOCS BBICOKOTEMIIEPATYPHOTO
CHHTE3a MMEEeT 3HA4YeHHE MPOIIECC MOJauYnu IK30TEPMUUECKUX CMECEeH K pEeMOHTH-
pyemMoii (pyTepoBKe TEIJIOBOrO arperara, a MMEHHO JO0CTaTOYHas TEKy4ecTh IIO-
pOIITIKa HAHOCUMOTO MaTepHuaia. TeKy4ecTh MOPOIIKOB 00eCTIeYMBaeT CTAOMIBHYIO
1oJilayy B PaCHbUIMTEIb M BO3MOXXHOCTH TOYHOM PETYJIMPOBKU pacxoja dK30Tep-
MHUYECKUX CMECEH, SIBIISIETCS CIIOKHOM KOMIUIEKCHOW XapaKTEPHUCTHUKOMW, 3aBUCS-
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el OT HACHITHOW MJIOTHOCTH, TPAHYJIOMETPUUECKOTO COCTaBa, (POPMBI U COCTOSA-
HUS TTIOBEPXHOCTH YACTHII.

[lenbto JaHHBIX HUCCIIEIOBAHUN SIBISIACH pa3padOTKa ONMTHUMAIbHOTO TpaHy-
JIOMETPUYECKOI0 COCTaBa IK30TEPMHUUECKUX CMECEH.

Marepuajbl M MeTOAUKH HCcJea0BaHuil. [ wccnenoBaHwii HCMO-
JTH30BaIM AK30TEPMHUUYECKHE CMECH, HMeromue pasMmepsl rpanyi: 3,0 — 2,0 mwm;
2,0-1,0mmMm; 1,0-0,5mm; 0,5-0,2mMm; 0,2 - 0,1 mm.

B kauecTBe OrHEeymopHOro KOMIIOHEHTa MCIIOIb30BAIM OOM JUHACO-
Boro kuprmuya ('OCT 4157-79). T'oprounii KOMIIOHEHT — ATIOMUHHUEBYIO MYAPY
('OCT 5494-95), naHocwIM Ha OTHEYIOPHBIM HAIOJHHUTEIh MPH TTOMOIIHA CBS-
3YIOIIETO — KUIKOTO CTEKIA.

JI7ist cpeiHero TPpaHyJIOMETPUUECKOI0 COCTaBa KaXJI0M (hpakiuu HK30TepMHU-
YECKOU CMECH OIpPEEsiin HACKIIHYIO IJIOTHOCTh, BPEMS UCTEUCHUS, YTiIbl BHYT-
PEHHETr0 ¥ BHEUIHETO TPEHHUS.

Metonuka ompejeneHus: yriia €CTeCTBEHHOro OTKOCa 3aKjiouaiach B Cle-
ayromeM. BOpoHKy oIycKany A0 KacaHWs ¢ IJIOCKOW METAJUIMYECKOW IUIACTUHOM,
3aMOJIHSJIA €€ MOPOIIKOM, a 3aTeM MEJUICHHO MOJAHUMAU HaJ IJIACTUHOWU. YTOI
MEXIy oOpasyromnied MOJy4YeHHOr0 KOHYCa W OCHOBAHHMEM OMPENENsUIM C MOMO-
IIbI0 TPAHCTIOPTHUPA.

VYToJ1 BHEIIHETO TPEHUS OMPEACISUINA MO YIIy HAKJIOHA MJIOCKOW MeTaJlinye-
CKOH IIJIACTUHBI, IPH KOTOPOM TMPOUCXOAUT cchimanue nmpuMepHo 90 % HaBeckw
MOPOIIKA.

Jliis onipeienieHus yriia BHYTPEHHETO TPEHUS TOTOBUIIH 3aKPETITICHHBIA KIIeeM
MOHOCJIOW UCIIBITYEMOT0 MOPOIIIKa ONpeAeIeHHON (PpaKkuu Ha TIJIOCKON MeTaJlIu-
YECKOW MOBEPXHOCTU. YTOJI HAKJIOHA, TPU KOTOPOM IPOUCXOAUT CChIAHHUE MO-
pOIITKa TOH ke (PpaKIu, IPUHUMAIN 332 YTOJl BHYTPEHHETO TPEHUSI.

JKCIEPUMEHTAIbHAA YaCTh. 3aBUCHUMOCTb HACBITHOW IUIOTHOCTA OT
CpPEIHEro pa3Mmepa TpaHyd dK30TEPMHUYECKOW CMECH MpEeJCTaBlieHa B Tabnuia u
Ha puc. 1.

N3menenue cpennero pasmepa rpanyia B uaTepBaie 0,05 — 0,75 mm npuBou-
JO K PE3KOMY MOBBIIIEHHI0 HACBITHOW MJIOTHOCTM mopoumka. [Ipu nanpHeimem
yBEJIMUYCHUH pa3mepa rpany: (Beimie 0,75 MM) HachITHAS JIOTHOCTHh MPAKTHYECKU
He u3MeHsiach. MccnenoBanu 3aBUCUMOCTh BPEMEHHM HCTEUCHHSI 3K30TepMUYE-
CKOH TpaHyJIMPOBAHHON CMECH W3 TPAAyHPOBAHHBIX BOPOHOK JAMAMETPOM 12 mwm,
OTBEYAIOLIKUX pa3MepaM HanboJjee 4acTo UCMOJIb3yeMbIX COMEN B CUCTEMaxX Moja-
Y TOPKPET-YCTAaHOBOK (Tabiuma, puc. 2).
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Tabauua
CaoiicTBa (paKIIMOHUPOBAHHOTO TOPOIITKA

Pasmep rpanyi, MM

CBoiicTBa

30-20(20-10| 1-05 |0,5-0,2{0,2-0,1| 0,1-0

HaceinmHas mioTHOCT, 1/ e 1,240 1,203 1,163 0,935 0,663 0,614

Bpewms ncreuenus nopomka, c| 31,5 25,7 19,6 18,4 23,2 -
VYToJ eCTECTBEHHOTO OTKOCA, 36,25 35 33 39 34 _
rpan
Vv :
T'OJI BHYTPEHHETO TPEHUS 475 42 39 42 45 _
rpan
VYToJ1 BHEIIHETr0 TPEHHUs], Tpaj 30 24,5 28 28 35 -
1,4

P
(V)

=

o
0

o
o

o
I

HacbkinHas nnoTHOCTb, r/’cm3

o
(V)

0 1 1 1
0,05 0,15 0,35 0,75 15 2,5

CpepgHun pasmep rpaHyn, Mm
Puc. 1. 3aBUCHUMOCTb HaCBITHON IIJIOTHOCTH OT CPETHETO pa3Mepa IrpaHyil

Kak BuHO M3 pruCyHKa, MUHIMAIBHBIM BPEMEHEM HCTEUEHUS 00J1aat0T K-
30TepMHUYCCKHE CMECH, UMeroIue cpenuuii pasmep rpanyn 0,35 — 0,75 mM, uto
cootBercTByeT (pakiusam 0,5 — 0,2 u 1,0 — 0,5 (Tabdi.) 1, mo-BHIUMOMY, CBA3AHO C
MEHBIITUM BHYTPEHHUM TPEHUEM MEKTy YaCTUIIAMHU.

YcnenHoe HaHeCeHWEe PK30TEPMHUUCCKUX TpaHyJINPOBAHHBIX CMECeH Ha pe-
MOHTHPYEMYIO (DYTEPOBKY 3aBUCUT OT MIX TEKYUECTH.

[Ipy nUTEIBHOM XpaHEHWW YacTO MMEET MECTO arpermpoBaHWE YACTHII,
MPUBOIAIIECE K KOMKOBAHHIO U CJICKUBAHUIO TIOPOIIKOB, YTO OTPAHUYUBACT IMPH-
MEHEHHE DK30TePMUUYECKUX cMeced. KpurepusiMu OIeHKH TEKy4eCTH TOPOIIKOB
CIIy’)KaT TaKue TOKA3aTeld KaK YroJl ECTECTBEHHOTO OTKOCA M YTOJ BHYTPEHHETO

TPEHHS.
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15

10

BpeMﬂ ncTevYyeHna nopoLuka, c

0,15

0,35 0,75 15

CpefHuin pa3vep rpaHysn, MM

2,5

Puc. 2. 3aBUCUMOCTb BpeMEHH HCTEUEHUS SK30TEPMUUECKON CMECH

OT CPEJIHETO pa3Mepa I'paHyl

3aBHCUMOCTh yIJIa €CTECTBEHHOI'O OTKOCAa OT CPETHEro pa3Mepa TrpaHyI

AK30TEPMHUYECKOM CMECH pa3JIMUHbIX (Qpakuuil MpeacTaBieHa B TalOaule U

Ha puc. 3.

w
~

36
35
34
33
32
31
30
29

Yron ecTecTBEHHOIo OTKoca, rpaj

//o
Z

=

/

P

0,15

0,35 0,75 15
CpefHuin pasvep rpaHys, Mv

25

Puc. 3. 3aBHCHMOCTD yIila €CTECTBEHHOTO OTKOCA OT CPEIHET0 pa3Mepa IpaHyil

U3 PUCYHKA BHUJIHO, YTO 30HA ONTHUMYMa HAXOAUTCS B MHTCPBAJIC JUCIICPC-

Hoctu rpanyn 0,35 — 0,75 mwm.

Onpez[en;ml/l YTJibl BHYTPCHHCTO W BHCHIHCTIO TPCHHUA B IMOPOHIKAX HMCCIIC-

nyeMbiX ¢Gpakiuuil. Yroia BHYTPEHHETO TpPEHUsI Hanbojee MOJHO XapaKTepHU3yeT

3HAYCHUC CHUJI CHCIVICHUA MCKAY YaCTUIIaMH1 ITOPOIIKaA.
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3aBHCHUMOCTh YTJI0B BHCIDHCTO U BHYTPCHHCI'O TPCHUA OT JUCIICPCHOCTH I'pa-

HYJI IIpeJICTaBJIeHa B TaOJIHIle U Ha puc. 4.

e

-

50

N
(631

D
o

W
()

Yron TpeHus, rpaa
w
o

N
()

N
o

0,15 0,35 0,75 1,5 2,5
CpeaHun pa3vep rpaHyrn, Mm
—O— yron BHyTPEHHEro TPeHNs —>€— yror BHELUHero TpeHus

Puc. 4. 3aBUCUMOCTBD yIila BHYTPEHHETO M BHEIIHErO TPEHMSI OT CPEAHETO pa3Mepa rpaHy.l

MuHMMaNbHBIM YTJIOM BHYTPEHHETO TPEHHUS XapaKTepHu3oBaliach (pakiius
1,0 — 0,5 MM. Yron BHyTpeHHETO TPEeHHsI OBLI BBIIIE, YEM YTOJI BHEIIHETO TPCHHUS,
TaK Kak 4acTh MaTepHalia He CKOJIb3UJIa, a MepeKaThiBaiach Mo MOBEPXHOCTH, 00-
Pa30BaHHON 3aKPETICHHBIM CII0€M 3K30T€PMHUYECKON CMECH.

CoBMECTHBIN aHaIW3 MPUBEICHHBIX IPaUKOB MO3BOJIUI BBISIBUTH, YTO OII-
THUMAaJIbHBI TPAHYJIOMETPUUYECKHAN COCTaB K30TEPMHUYECKON CMECH HAXOJIHUTCS B
muamnaszone 0,2 — 1,0 mm. HemocTtaTkoMm mpeIo;KEHHOTO COCTaBa SIBISCTCS HE0O0-
XOJIMMOCTh JIOMOJTHUTEIBHON TEXHOJIOTUYECKOW Omepaluud Mo OTceBY (pakiui
pasmepom meHee 0,2 Mm.

JIist ycTpaHeHus: MOJIy4YEHHOT'0 HEJOCTaTKa MPUMEHHIIIM CUMILIEKC — PelleT-
4aToe MJIAHUPOBAHUE AKCHEPUMEHTA JJIsi YCTAHOBJIEHHUS JOMYCTUMOIO COJIepHKa-
HUS B 9K30TEPMHUYECKUX CMECSIX YaCTHUIl C pa3MepoM 3epeH Hiwke 0,2 MM, 11 94ero
COCTaBJISLIM MATPUIy IUIAHUPOBAHUS IKCIIEPUMEHTA MO U3YyUYEHUIO BPEMEHH HCTe-
YEHUS MOPOIIIKA U3 BOPOHKH U OMPENIEIISIIA TUCTIEPCUIO BOCIIPOU3BOIUMOCTH.

Boruncnensl ko3(ppuUIMEHTH perpeccuu, MojydeHa MOJeNb KyOudecKou
creneHu npubamxkenus. [lomyyeHHas MoJenb MpoBepeHa Ha aaeKBaTHOCTh. Jis
KOHTPOJIBHBIX TOYEK OMpPEACJICHbl SKCIMEPUMEHTAIbHBIE M PACUETHBIC 3HAUCHUS
BpeMeHHM ucTeueHUs. KOHTpOJIbHBIE TOYKM ONPEEISIUCh B 00JIACTSIX C MAaKCHU-
MaJlIbHbIM, MUHUMAJIbHBIM U CPETHUM BPEMEHEM HCTEUYEHUS. DKCIIEPUMEHTAbHbIE

M PAaCUCTHBIC JaHHBIC COBIIAIM, YTO T'OBOPUT 00 AaCKBATHOCTH HOJ'Iy‘-ICHHOﬁ Marte-
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MaTUYECKOU MOJIEIIH.

C moMoMNIbIO TIOIYYCHHOW MOJIENH OBUIO PACCYMTAHO BPEeMsI MCTCUCHHUS JK-
30TepMHYCCKON cMecH ¢ pazMepoM dacturl 1 — 0 MM ¢ pa3audHbIM 0OBEMHBIM CO-
nepxxanueM ¢pakmuii 1 — 0,5; 0,5 - 0,2 m 0,2 — 0 mm. OnTuManbHON BpeMeHEM
UCTEYCHMSI ABJsETCS cKopocTh: oT 18,3 mo 19,1 c.

AHAJIOTUYHBIM ~ CIIOCOOOM /11 DK30TEPMHUYECKOM cMecu  (pakius
1,0 — 0 MM ¢ paznmuuabIM 00BbeMHBIM conepkanneM (pakmmii: 1 — 0,5, 0,5 - 0,2
0,2 — 0 MM TIOCTpOEHBI aJIeKBaTHBIE MAaTEMAaTUYECKUE MOJETHU [IJIS ONPEACIICHUS
yrioB BHyTpeHHero (1) u BHemHero (2) TpeHus:

y = 42,33x; +39,83x, +41,66X3 + 25,13X1X, + 23,265X1X3 + 7,875X2X3
— 8,103x1X5 (X1-X2) -12,87%1X3 (X1-X3) —7,155XoX3 (X2 -X3) -95,197x1%2 X3 (1)

y = 34,66x; +30, 33 X, + 26,66%3 + 7,515 X1X; +6,77X1X3 +3,758X%X3
— 7, 52 X1Xo (X1-X2) — 2, 27 X1X3 (X1-X3) +5, 24 XoX3 (X2 -X3) — 41,78X1X, X3 (2).

C moMOIIBI0 TMOTYYEHHBIX MOJENEH PAcCUUTaHbl YIJIBI BHEITHETO M BHYT-
PEHHETO TPEHUS IK30TEPMHUUECKUX cMeced ¢ pazmepom dactull 1,0 — 0 mm ¢ pas-
JUYIHBIM 00BEMHBIM cojiepkanneM ¢pakmuit 1 — 0,5, 0,5-0,2 1 0,2 — 0 mm.

Jlist 06macT cOCTaBOB ¢ HAWOOJBIIUM BPEMEHEM HMCTEUCHUS YIJIbI BHYT-
peHHeTo TpeHwusl cocTaBiIsoT 40 — 42°39" a YTIIBI BHETITHETO TpeHus — 27 — 29°.

Taxkum 00pazoM, TIPOBEIEHHBIE HCCIEIOBAHUS TO3BOJIMIN YCTAHOBUTH 00-
JacTh TPAHYJIOMETPUYECKUX COCTABOB DK30TEPMUUYECKONH CMECH, XapaKTEePU3YIO-
MIUXCS ONTUMATBHOU TEKYUJeCThIO.

BreimonHeHHass onTHMU3aIKsS C MOMOIIBIO CHMIUIEKC-PEIIETIATOTO METO-
Ja TUTAHUPOBAHUS DKCICPUMEHTA IMO3BOJIMJIA YCTAHOBHUTH JIOMYCTHMOCTH CO-
Jep’KaHusT B DK30TEPMHUUECKOW cMecH TpaHyn pazmepoMm < 0,2 MM B KOJUYECTBE
1o 25 — 27 mac. %, 9TO TO3BOJISIET HE OTCEMBATh TOHKYIO (DPAKIMIO TIPU TIPUTO-

TOBJICHUU Pa3pabOTaHHON FK30TEPMUUECKON CMECH.

Cnucok aureparypbl: 1. Mepowcanos A.I". Teepnomnamennoe ropenue / A.1°. Mepowcanos. — YepHoro-
noBka: UCMAH, 2000. — 224 c. 2. Baaoumupos B.C. Hcnonp3oBaHHe Ui METaJUIyprHYECKUX H
JUTEHHBIX TPOU3BOACTB HOBHIX OrHeynopHbIX CBC-MaTepranoB U MOKPHITHH C MTOBBIIEHHBIMH 3KCILTYa-
TarmoHHbIMK cBoiicTBamu / B.C. Braoumupos, A.11. I'anazan, U.A. Kapnyxun I/ ABTOMaTH3MpOBaHHBIC
arperaTsl ¥ HeprocOeperampnye TEXHOIOTMY B METaJNTypruu: 2-51 MeXIyHap. Hayd.-IIPakT. KOHQ.: Te3u-
cel ok, — M: MUCH, 2002. — C. 570 — 574. 3. A.c. 494374 SU, MIIK C04B35/68/53. Dk3oTepmude-
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