Doroshenko V., Berdyev K.
Current trends of designing the molding boxes for lost foam process

Experience of construction of vacuum molding boxes for lost foam casting with sand
molds and its workability in the existing foundries are described. Usage of lost foam casting and molds’ evacuation during

modernization of foundry will impruve technological and environmental culture of industry.
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YcnoBHas BA3KOCTb XUAKOCTEKOJIbHOI CYCNEH3UN

HiccnenoBaHo BMSIHVME MJIOTHOCTU XWAKOrO CTeksa, TeMrepartypbl N HarnoJIHEHHOCTU XUAKOCTEKOJIbHOV CYCreH3um
MblIEBUAHLIM KBAapPLIEM WM 30J10M-YHOCOM TErJ/I0BOV 3/IEKTPOCTAHLUMN HA BEJINYNHY YCIIOBHOV BSIBKOCTU.

KnioyeBbie cnoBa: cycrneH3uvs, Xuakoe CTeks0, KBapL, 30/1a-yHOC, BSI3KOCTb

Horoobpasve TEexXHONOrMi W3roTOBIEHNsI Kepa-

Mudecknx obonodkoBbix dopm (KO) B nuTbe no

BbINMaBAsSeMbIM MOAENSAM npegnonaraeT B ps-

Oe Cry4yaeB MCMONb30BaHNE XUOKOCTEKOSbHbIX
CYCMEH3UI, NPUrOTOBMEHHBIX HA OCHOBE KBapLa nblne-
BMAHOIO M HaTPWUEBOTO XXWMAKOTO CTEKNa C BeIMYMHOM
CUMNMKaTHOro Moayns MSio2 =3,0...3,2. Crnion KO, BbInon-
HEHHbIE Ha XMOKOM CTekne, MMbo COCTaBMsT OCHOBY
KO, nubo 4yacTMYHO 3aMEeHSAT BHELLUHME STUNCUNUKAT-
Hble CIMOW U MCMOMb3YHT, NPENMYLLECTBEHHO, AN MO-
BbILLIEHUSI MPOYHOCTU N CHWXKeHus cebectommocTtun KO,
nmMbo NPUMEHSAIOT AN BbLINOMHEHUS] NWLEBOro Cros
KO c uenbko crtabunusaumm 4MCTOTbl MOBEPXHOCTU
oTnmeok. Ansi npousBogctea KO, nomMumo HM3KOMO-
OYyNbHOMO XMAKOrO CTEKMna, WUCMOMb3YyT BbICOKOKPEM-
HEe3eMHOE XMOKOCTEKOSIbHOE CBA3YoLLEee, KOTOpoe Mpu-
roTaBnMBaloT B YCMOBUSIX JIMTEMHOTO Lexa M3 CyXxoro
KoHueHTpaTa mapkm HCK (HaTpueBbIi CyxOM KOHLIEHT-
pat) ¢ Mg, a0 30 nubo NpUMEHSOT KpEMHE3O0Sb (Kna-
KOe CTeKro) ¢ MSi02= 45...90.

M3 ynmcna nepeyvmcrneHHbIX XUOKMX cTekon Hambo-
nee pewleBbiM, OOCTYMHbIM M CTabWMbHBIM MO CBOUM
CBOMCTBaM SIBIIIETCSA CTEKNO C MSiO2 = 3,0...3,2. Cy-
LLLECTBEHHBIMN HEOOCTaTKOMW TaKoro KUAKOro cTekna

Kak cBsasytowero matepuana gna KO gaenswoTcst HeBbl-
cokasi TepmocTonkocTb KO, a Takke 4yBCTBUTENBHOCTb
ceoncTB KO (NpoYHOCTb, TEPMOCTONKOCTb, ra3onpoHu-
LaemMoCTb U T. MN.) K U3BMEHEHMIO NMapamMeTpOB COCTOs-
HUSI XKNOKOCTEKONBbHOW CYCMEH3NN.

YcnoBHas BA3KOCTb, OLLEHMBaeMas Nno BUCKO3NMETPY
B3-4 B cekyHOax, — OOWH U3 KPUTEPUEB OLIEHKM COCTO-
AHUS XKMOKOCTEKONbHOW CYCMEH3UM B NMUTENHBIX Liexax.
BssKkocTb cycneHaun, B CBOK o4vepenb, 3aBuCUT (Mpu
NMOCTOSIHHOM MOAYIe XXWAKOro CTeKna) OT MfOTHOCTU
MCMONb3yeMOro XUAKOro cTekna, TemnepaTtypbl U Ha-
NMOMHEHHOCTM (M) CyCneH3nmn MbINEBUOHBIM HaMoNHUTE-
nem. HanomnHeHHOCTb CyCneH3un — mMacca MbifieBUaHO-
ro HanonHutTensa B 1 Am® ee XNOKom cocTaBnsaoLen, B
OaHHOM criyqae — XXMAKOro ctekna, pa3baBrneHHoro go
TpebyemMon MIOTHOCTM, OT KOTOPOrOo BO MHOIOM 3aBW-
CWT YCNOBHas BA3KOCTb CycneH3uun. [py aTom ycroBHas
BSI3KOCTb CaMOrO >XWOKOro CTekrna marno 3aBuUCUT OT ero
NAOTHOCTU U TEMMEpPATyphbl, 0 YEM CBUOETENLCTBYET 3a-
BMCUMOCTb, NMpeAcTaBreHHas Ha puc. 1.

B cooTtBeTcTBUMM C puc. 1 yCcnoBHas BSI3KOCTb XWA-
KOro cTekrna onpegensietcsi, B OCHOBHOM, €ro cunmvkar-
HbIM MOAYNEM, C YBENMYEHMEM KOTOPOro OHa MOHMXa-
etcs [1]. [pUMEeHUTENBHO K OrHEeYNOpPHbIM CYCMEH3UAM
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M3ameHeHne yCJ'IOBHOIZ BA3KOCTN HATPUEBOIo XXNAKOro CTek-

na (Mg, =3,0...3,2) oT ero nnoTHocTU (p) 1 TemnepaTypsl (f)

SiO2
[aHHasi 3aKOHOMEPHOCTb HE COXPaHSIETCSsl, O YEM CBMU-
OeTenbCTBYET U3MEHEHNE 3aBMCMMOCTEN Ha puC. 2 ANA
XWOKOCTEKONbHbIX CYCMEH3WUIA, HAMOMHEHHbIX KBapLem
nbinesngHbIM mapku Kri-1.

B HacTosleln paboTe nccrnegosanu BNusSiHME Tuna
MbIIEBUAHOIO HAMNOMHUTENS XXUOKOCTEKONBbHOW CYCMNeH-
31N, €e HaMnoNHEHHOCTU MbINEBUAHbIM HaMOITHUTENEM,
TemnepaTypbl U NIIOTHOCTM MPUMEHSIEMOrO HAaTPMEBOTO
XXWAKOro CTEKNa Ha YCMNOBHY BA3KOCTb CYCMEH3NN.

VMiccnepoBaHnst nNpoBoAWnM Ha CyCMeH3usax, npu-
rOTOBMEHHbIX HA OCHOBE COAOBOrO HATPMEBOrO >KWA-
koro ctekna (FTOCT 13078-81) c BenuuMHOW Moaynsi
Mg, = 3,0...3,2, nnotHocTeio p npu 20 °C ot 1,15 mo
1,302 r/cms.

B wuccnemoBaHMsX MCNonb3oBanu KWUAKOCTEKOMb-
Hble cycneHaun ¢ Temnepatypon (f) ot 20 go 50 °C, Ha-
NOSIHEHHbIE KBapuem nbineBngHbiM mMapku Krl-1 uvnn
3onoun-yHocoM [MpuaHenpoBCKOW TEMMOBOW 3MEeKTPo-
cTaHumm (TAC) n3 pacyeTta oT 1 oo 2 kr Ha 1 gm® xugko-
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ml/lsmeHeHme YCINOBHOW BSA3KOCTM MO BUCKO3UMeTpy B3-4
XWUAKOCTEKONbHOM cycneHamn npu Temnepatype 20...21 °C u nnot-
HOCTK xugkoro crekna 1,17 r/cM® OT HanOMHEHHOCTU MbINEBUAHBIM
KBapuem (m) gns MS‘02 =3,0...3,2 (1) n My, = 45...50 (2)

XumMunyeckui coctaB 3onbi-yHoca lMpuagHenpoBckon TIC
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m FMCTorpamma rpaHynmioMeTpn4eCcKoro coctaBa 30Jibl-yHOCa
MpugHenposckon TOC nocne npocemMBaHUs Yepes CUTO C BEMUYMHON
CTOPOHBI sYenku 0,2 Mm

ro ctekna npu temnepatype 20 °C. YCNoOBHYH BA3KOCTb
cycneHsun (t) onpeaensanu no suckosmmeTtpy B3-4 B ce-
KyHOaX. AnnTenbHOCTb NCTEYEHUS CYCMEH3MN U3 BUCKO-
3umeTpa hUKCMpoBanm No CEKyHOOMEPY.

Mo pesynbTaTtam 00paboOTKM MPOBEOEHHbIX 3JKCre-
PUMEHTanbHbIX MUccnegoBaHui mameHeHun p (1,15-
1,30 r/cm®), m (1-2 kr/am®) n t (20-50 °C) ans xuakocTe-
KOSTbHOW CYCMeH3Un, HanosIHEHHOW KBapLueM MblneBna-
HbIM, MOMYYUIIM CIEAYIOLYI0 SMMNUPUYECKYHD 3aBUCU-
MOCTb:

T =8,67468p?m>?t? — 19,6061pm?t 2 + 11,26m?t >—
—12,8689p?mt 2 + 28,04408pmt 2 — 15,68624mt 2 +
+4,266p% 2 — 8,60652pt 2 + 4,52574t2 —
—1535,1754p’m?t + 3566,6185pm?*t — 2088,50935m?t +
+ 3149,7664p>mt — 7285,509pmt + 4254,91478mt —
—1616,244p%t + 3721,7936pt — 2167,6333¢ +
+59710,70625p?m? — 139122,329pm? + 81509,99m? —
—135630,8663p?m + 315689,7224pm — 184865,77m +
+75993,8195p2 — 176701,4635p + 103426,5833,
roe t — BpeEMsi UICTEYEHUS CYCMNEH3MM N3 BUCKO3MMETPA,
C; p — NMIOTHOCTb XWOKOro CTekna, r/'cM®;, m — HanosnHeH-
HOCTb CycneH3uu, Kr/gm®; t — TemnepaTtypa xugkocTte-

KOnbHOM cycneHsuu, °C.

Bona-yHoc [MpugHenposckon TOC — nopoLkoob-
pasHbIi MaTepuan ceporo upeta nnoTHocTelo 2200-
2450 kr/m®, yaoenbHasi noBepxHocTb MaTepuana — 4000-
7000 cm¥r. MuHepanbHbIN cocTaB 30r5lbl-yHOca npep-
CTaBfieH, B OCHOBHOM, [OBYOKucblo kBapua (B-SiO,),
mynnutom (2AL,0,-3Si0O,) un marremutom (y-Fe,O,) [2].
XMUYeCKMIA COCTaB 30rbl-yHOCa NpuBedeH B Tabnuue,
rpaHyfioMeTpUYECKMIA COCTaB MCMNOMb30BaHHON B UCcne-
O0BaHUAX 30Ibl-yHOCa NpeAcTaBfeH B BUAe rmctorpam-
Mbl Ha puc. 3.

AHanu3 gaHHbIX Tabnuupl NokasbiBaeT, YTO 30Ma-yHOC
COCTOUT, B OCHOBHOM, 13 OKWUCOB KPEMHUS, antOMUNHNS,
Xenesa u yrnepoga. pn atom (cm. puc. 3) nogasns-
lolasa YyacTb 30Mbl-yHOca npeacraenseT cobonm vac-
TUUbl OKPYrMoW u Kybudeckorm ¢opm € pasmepamu
0,063 MM 1 meHee. To ecTb, 30Ma-yHOC MOXeET ObITb
YCMELLIHO UCMNOfb30BaHa B Ka4yeCTBE MbIIEBUOHOMO Ha-
NONTHUTENSA KMOKOCTEKOSTbHOW CYCMEH3UN, UCMonb3ye-
Mon Ang BbinoniHeHUss B KO BTOpOro n nocrneayoLumx,

BewecTBo SiO, ALO, | FeO,

Ca0

MgO SO FeO R,0 TiO n. n.nm.

CopepxaHue, %mac. 47,8-48,2|23,0-23,5| 7,1-7,3

2,2-2,5

091,11 06-0,7 | 0,8-1,0 | 2,2-2,7 12,9-13,3

lpumeyanue: I1. I1. [1. — notepu nocne npokanmmanus rpy 1000 °C
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HE3Ha4YUTESIbHOIro NOHWMXEHUA YC-

1,¢ t—20("C/l .,© Gl JIOBHOW BA3KOCTU >KMOKOCTEKObHOMN
50 k¢ 200 100 CyCneH3un npu ee TeMnepartype 0o-
=200C ) nee 50 °C, gna npoussoactea KO
40 150 K 75 \\( uenecoobpasHo ncnonb3oBaHue
/ \/ ? KMOKOCTEKOSbHbIX CYCMNEH3UI C TeM-
30 100 ? 50 ™ nepaTypoit 47...52 °C.

/( / \l’\"\, Ona npubnuxkeHHoro onpepgene-
20 <50 50 25 " HUS YCMNOBHOWM BSI3KOCTU XKWIKOCTE-
0 %/ 0.% 0 KONbHOW CYCMNEeH3nM Mo nNpuBeAEH-
HbIM BblWe ¢opMyfiaMm MOCTPOEHbI
1150 1225 £3OO 1,0 1,5 32,0 20 35 50 COOTBETCTBYOLIME HOMOTPaMMBl,

P, KI/M m, Kr/aM’ t,0C npeacTaBreHHbIe Ha puc. 6 1 7.
@] (6] B nuTbe no BbiNnaenseMbiM Mo-

m VMi3amMeHeHMne yCroBHOW BSI3KOCTU XXUOKOCTEKONBbHOW CYCNEH3MN C KBapLeM MbinieBma-
HbIM OT MAOTHOCTU XUAKOro cTekna npu m = 1,5 kr/gm® (a), OTHOCUMTENBbHON Macchl MbINEBUAHOIO
KBapua B cycneHsuu npu p = 1225 kr/m® (6), TemnepaTypbl cycrneHsuu (g) npu p = 1115 kr/md,

m =2 kr/gm® (1) n p = 1225 kr/m3, m = 1,82 kr/gm® (2)

a TakKe 3aKpennsoLnx CroeB B3aMeH KBapua nbife-
BWOHOTO.
3aBMCMMOCTb YCIOBHOW BSA3KOCTU XXUOKOCTEKONBHON
CYCNEeH3MUW, HaMOSIHEHHOW MbINIEBUOHBIMW YacTuLaMm
30Mbl-yHOCa, OT ee TemnepaTtypbl, HANOMHEHHOCTU CyC-
NEeH3UN N NIOTHOCTU XXUAKOro CTEKNa ONucbiBaeTCcs cne-
OytoLen aMNMpUYecKon 3aBUCUMMOCTLIO:
T =5,18526pm?t 2 — 1,82351p?m?t 2 — 3,53m?t 2 +
+ 3,48649p°mt 2 — 9,84267pmt 2 + 6,66972mt ? —
—1,64284p%t %2 + 4,60894pt 2 — 3,1105t 2 + 15,675p?m?t —
—113,936pm?t + 107,9934m?t — 35,8908p’mt +
+223,4159pmt — 205,2954mt + 19,5434p% —
—108,1294pt + 96,6061t + 5645,296p?m? —
- 11612,68pm? + 5951,56m?

OensiM Ansi M3rotoBreHusi MepBOro
cnost KO 06blYHO MCNONb3YT XUA-
KOCTEKOMbHYIO CYCMEH3MI0 C BENNYU-
HOW ycrnoBHOW BA3KOCTU 55...60 ¢ n
p = 1,15 r/cm®, NpUroToBnEHHy Ha
OCHOBE HaTpMEBOrO XWOKOro CTeKna, C CUMMKaTHbIM
moaynem 3,0...3,2; ons BTOPOro M nocregyowmx crno-
eB KO — XunOKOCTEKONbHYH CYCMEH3MK C YCIOBHOM
BsiskocTbto 30...35 c u p = 1,225 r/cm®.

Mcnonb3ysa HomMmorpammy Ha puc. 5 HecrnoxHo
onpeaenuTb, YTO Npu Temnepartypax cycneHaum 20 u
50 °C BenuumMHa ee HaMoOSIHEHHOCTWN ANSA NepBOro Cros
cocrasnsaer m, = 1,8...1,82 n m,; = 1,95...1,97 kr/gm?
COOTBETCTBEHHO. [1ns cycneHauu, npuroToBEHHON
Ha XWOKOM CTekne ¢ MnoTHocTbio p = 1,225 r/emd, ¢
Lenblo BbINOMHEHNS BTOPOrO M MOCMEeAyLWwmX Croes
KO npwn 20 °C m,, = 1,54...1,58 kr/am® , a npu 50 °C -
mg, = 1,69...1,73 kr/gam*®. OCTaBMB YCMOBHYIO BA3KOCTb

—10049p?m + 20706pm —
—10630,6m + 4761,752p% —

50
t=200C

T,C T,C
o) ]

—9922,395p + 5173,418. 50

AfexkBaTHOCTb NofyYeHHbIX dop-
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My oueHuBanu nytemMm BblHUCIIE-

HUS OTHOCUTENBHOM MOrpeLLIHOCTH 30

35

mMexay pacyeTHbiIMU  3HaYeHUAMU (/
N  3KCnepuMmeHTarnbHbIMXA  OAHHbI- 20

30

20“4;//4
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MW. YCTaHOBMEHO, YTO MONyYeHHble |
PopMyIibl YAOBNETBOPUTENBHO ONK- |

25

~J

CbIBalOT 3aBUCUMOCTb T = f (p, m, ),
O YeM CBWUOETENbCTBYHOT [aHHblE,
npegcraBneHHble Ha puc. 4 n 5, Ha
KOTOPbIX TOYKN — 3JKCNEepUMeHTanb-

[a]

1150 1225 1300
p, KT/M’

20 35 50
t,0C

0,80 1,15 1,50
m, KI"/I[M3

[6]

Hble [aHHble, KpMBble — 3aBMCMMO-
CTW, paccyuMTaHHble no opMynam.
Mpn 3TOoM BenuuMHa HaunbornbLUen
OTHOCUTENBHOW MOrPeLIHOCTN MEeX-

Oy pacyeTHbIMU U nNpegenaMu uame- =50 °C

m M3ameHeHne ycrnoBHOW BA3KOCTU XUAKOCTEKOMbHON CYyCNeH3Mmn ¢ 30101-yHocom [lpu-
aHenpoBckor TOC OT NAOTHOCTM Xuakoro ctekna npu m = 1,5 kr/ame (a), oTHOCMTENbHON Macchl
MNbINIEBMAHOMO KBapLua B cycneHaumn npu p = 1225 kr/m® (6), TeMnepatypbl cycrneHsuu (8) npu
p = 1225 kr/m®* u m = 1,5 kr/gm®

35
201

HEHMS KCMepPMMEHTanbHbIX AaHHbIX
He npeBbiwaeT 4 %.

AHanua 3aBMCUMOCTEN Ha puc. 4
1 5 nokasbIiBaeT, YTO YCIOBHasi BA3-
KOCTb XMAKOCTEKOSIbHOW CyCNeH3nn |
BO3paCTaeT C MOHWKEHNEM ee TeMm- I
nepaTypbl, YBENMYEHNEM NIIOTHOCTU —

l |

| 1 I

e |
——————>——>|—\,\
T

p=1150 kr/m’

Illllllllllllllll =R B

1y 20

MCMNoJib3yeMoro Xuakoro cTtekna u )
m, Kr/am

HaMNoOJ/IHEHHOCTU CYyCNeH3nn nblne-

30 35 40 45

BMOHbIM KBapueM. Mcxoas ma 6eso-
NMacHOCTU WCMOMb30BaHUA, a TaKkKe

m Homorpamma ans onpegeneHunst ycroBHOM BA3KOCTM (Mo Bucko3mmeTpy B3-4) cycneH-
311 Ha OCHOBE XWAKOro HaTPMEBOIO CTeKNa (MSic>2 =3,0...3,2) n kBapua nbifieBMaHOro
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BbiBOoAbI

t=50 °C
35] PesynbTaTbl nNpoBeAeHHbIX UC-
— ~
201 1300 | crnegoBaHU NO3BOMWAM YCTaHOBUTb
e | 3aKOHOMEPHOCTUM  U3MEHEHUs1  YC-
—— 1225 y y
i el | | '*2>| nOBHO BA3KOCTW >WMAKOCTEKOIBHO
I -
| | e T CYCMeH3uy, HanomHeHHol ksapLem
| I E1150 5/ — MbIeBUAHBIM ~ UNX  305T0A-YHOCOM
p
| | [ e n TOC
[ | lII {1, < | | A, o | . . | I | [0 4 | | ) (W B | . 1 O | | T | | | | pM!D!HenpOBCKOM ’ OT TeMne-
1,0 2,0 3,0 35 40 45 50 55 60 T,c paTypbl, NMNOTHOCTU XWUOKOrO CTEKna
m, kr/am’ N HaMoSIHEHHOCTM CYCMeH3uu Mbine-

hic.7. | - ( 534) BUOHbIM MaTtepuanoM. YCTaHOBIEHO,
s oMorpamMma anga onpegerieHna yCcrnoBHOU BA3KOCTU (MO BUCKO3UMETPY -4 ) CyCneH-

3UM Ha OCHOBE XMOKOro HaTpuesoro ctekna (Mg, = 3,0...3,2) 1 3onbl-yHoca lNpuaHenpoBcKoi H4TO C NOBbIWEHWEM Temneparypbl

ToC 2 CYCMEH3UN COAEpXaHue nblneBua-

KWOKOCTEKOMNbHON  CYCMEH3UM HEeU3MEHHOW, creay- HOro martepuana B Hen Moxet 6‘3'“3

eT, UTO 33 CYET MOBLILLIEHNS TEMNEPATYpbl CycnieHauy —YBEMMYEHO Be3 MSMEHEHMs BennuMHbl ee yCroBHON

MOXHO CyLLECTBEHHO YBENWMYMTL ee HanomHeHHocTb —BA3KOCTW, KOTOPYK OHa uUMena npu Gonee HIUKOM Tem-

NbINEBUAOHLIM KBapLEM, W, CnegoBaTenbHo, naMeHnTs — Nepatype.

CBOWCTBA XuaKocTekorbHon KO unu ee KuakocTekonb-

HbIX CIOEeB.

JIMTEPATYPA

y

N

Penisix C. N. TexHonornyeckmne oCHOBbI NMUTbSA NO BhiNnaBnsemMbiM Mogensam. — [lHenponeTtpoBck: Jlupa, 2006. — 1056 c.
VMccnegoBaHne OCHOBHBIX TEXHOMOMMYECKUX CBONCTB Kenes3odocdaTtHbIX XONoAHOTBEPAEOWMX CMecen npyu NCnonb3o-
BaHWUM B Ka4eCTBE KOMMOHeHTa 3onbl-yHoca MpugHenposckon TAC / B. E. Xpbiuukos, B. HO. Cenusepctos, [O0. B. oueHko
n ap. // Metannypruyeckasi u ropHopyaHas npom-ctb. — 2006. — Ne 6 (240) — C. 27-28.

n

Xeryp 0. A., Perr’sx C. I., YceHko P. B.
AnoTauis YMOBHa B'A3KICTb PiKOCKMSHOI CyCneHaii

JocnigxeHo BrivB LUiIbHOCTI PIgKOro ckna, Temrneparypuv i HarnoBHEHOCTI PiAKOCK/ISHOI
cycneH3sii nunonogibHum kBapLem abo 30J1010-BiAHECEHHSIM TErJI0BOI €/1eKTPOCTaHLji Ha YMOBHY B’SI3KiCTb.
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KnouoBi cnoBa CyCreH3isl, pifKke CKJ10, KBapLi, 30/1a-BiJHECEHHS, B’A3KICTb

Zhegur A., Repyakh S., Usenko R.
Conditional viscosity of suspension of a liquid stack

Influence of closeness of liquid glass is investigational, temperature and gap-fillingness
of suspension on the basis of liquid glass by a pulverulent silex or ash-taking away of thermal power-station on the size
conditional viscidity.

b

suspension, liquid glass, quartz (flint), fly ash, viscosity
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