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PEI'YJIIOBAHHSI BTACTUBOCTEM MIIIAHO-TJIMHACTHUX
®OPMYBAJIbBHUX CYMIIIER JOBABKAMUM ®OC®HATIB HATPIIO

Mema pobomu. Busuenns eniugy 0ob6asok gocamie nampiio na eéracmugocmi 060pomuoi niuano-2auHacmor
CyMIWI 8 CUpOMY [ CyXOMY CMAHI OJis NIOSUWEHHSL AKOCMI BUTUBKIS 13 3A1i308y2Neyesux I amtoMIHIEGUX CHAAGIS.

Memoou oocnioacenns. Buxopucmano 060pomuy opmysanbHy CymMiul HA OCHOBI K8APYOB020 NICKY Ma KAONIHO-
601 enunu. Jlocniosxceno enius mpbox 000aeok (mpunonigpocpam nampiio, eexcamemagocgam nampiro ma nipogoc-
¢dam nampirw) 6 xinekocmi 6i0 0,5 0o 2,0 %. Busnaueno eiacmugocmi: emMicm 2auHACMOL CKAA00801, MiyHiCmb, 2aA30N-
POHUKHICIb, 0bcunaemicms, mexkyuicmos, )OpMY8aANbHICIYb, YULTbHIOBATLHICINb CYMIWT — 3a CIAHOAPMHUMU MemOoOuU-
Kamu.

Ompumani pezynomamu. /locriodxceno egexmusni 0obasku 0na 3abe3neuenus Mojiciusocmeti 6a2amopaszo6o2o
BUKOPUCIMAHHA 000POMHUX hopMy8anbHux niwano-enunacmux cymiwei. Ocobaugy ysacy Npuodileno pezyno8aHHIO
81acmMu8ocmell CyMilii 8 Cyxomy cmami, OCKiIbKU ye NUMAaHHs Ha Cb0200HI 3HAYHO MeHule 00Cai0xHceHo. 3 yico Memoro
enepuie GUKOPUCMano gocpamu nampiro, SKi UPOOISIOMbCIL XIMIYHOI NPOMUCIOBICINIO 8 00CMAamHill Kitbkocmi. Ak
Mmamepianu, SIKI 6NIUSAIOMb HA GIACIMUBOCME CYMIU 8 YIIOMY, IX paHiute He po32IA0aU.

Hayxosa nosusna. Bnepuie 6cmano61eHO nO3umueHuil 6niue 006agox gocghamis nampiro na isuxo-mexauiymi
671CMUBOCI 0OOPOMHUX NIWAHO-CIUHACIUX cymiweli (Miynicms ma obcunaemicmy). Llell 6naus nposigisacmucs 8 mo-
MY, WO 8KA3aHI 000ABKU CRPUAIOMb HEZHAUYHOMY NOKPAWEHHIO 81ACMUBOCIEN Y CUPOMY CIMAHI i 0yice 3HAYHOMY NOK-
PpawenHio yux eiacmugocmeil 8 cyxomy cmati. Ha eadxciusi mexnonoziuni enacmusocmi (mexyuicmo, YujiibHIO8A1b-
Hicmb, popmysanbHicmb) 6NAUE NPAKMUYHO 8I0CYMHILL.

Ilpaxmuuna yinnicms. 3a pesyiomamamu npogeoeHuUx eKxCnepuUMeHmie peKkoMeHO08aAHO GUKOPUCO8Y8amu 000a-
exu mpunoxigocghamy abo eexcamemagocghamy nampito 6 xinokocmi 6io 0,5 oo 1,0 % Ona 3nauno2o nokpawenHa 61a-
cmugocmelt NiAHO-TUHACTIUX TUBAPHUX POPM Y CYXOMY cmaHi. Bukopucmanusa yux 006agox ycysac nosey nogepxme-
8uUx Oeghekmig y Iumux 0emaniax i3 antoMIiHIE8UX Ma 3ani308y2ieyesux cniasis.

Kniouoei crosa: sunugox, enacmuocmi, 1ueapHa @opma, MiyHicme, 06opomua cymiui, popmysanvha cymiui, ¢o-
cpamu Hampiro.

HUIITBA, HU3bKI BUPOOHMYI BUTPATH, JIETKICTh B YIpaB-
ninHi [1]. OcKijbKM 3HWKEHHS I[IH 3aJIMIIAETHCS BaXITHU-

JIutrs y mim@aHo-raMHACTi GOPMHM € HAWNOIIM-  BOK INIOOANBHOK TEHJCHIIEI0, IPOIEC BUIOTOBICHHS
PEHIIIMM MPOLECOM BUIOTOBJIEHHS JIMTUX JeTajedl y  CHUpUX MilaHux (opM i Jaii 3aIMIIaTUMEThCs OCHOBHUM
cBiti. [lepeBaramu mpolecy € BHUCOKI 00Csru BUpOO- B JIMBApHOMY BUPOOHMITBI [2, 3].

Beryn

© JIrotuii P. B., ®egopoB M. M., @ecenko M. A., JIrora /1. B., 2023
DOI 10.15588/1607-6885-2023-2-6



p-ISSN 1607-6885 Hoi martepianu i TeXHOJIOTIT B MeTanyprii Ta MamuHoOy xyBanHi. 2023/2
e-ISSN 2786-7358 New materials and technologies in metallurgy and mechanical engineering. 2023/2

B Vxkpaini mms motpe® IHMBapHOTO BUPOOHHUIITBA
CIIOXKMBA€ETHCA OIM3BKO 15 % BCHOTO BUKOPHCTOBYBAHOTO
OCHTOHITY, TOAi SIK B €BpoIl Ied MOKa3HUK CTaHOBHTH
morany 50 % [4]. Omxe, ciin O4iKyBaTH MHOJANBIIOTO
PO3LIMPEHHS MPOMHUCIIOBHX OOCSTIB Tpouecy JHTTS Yy
MIIaHO-TJIHHSCTI (POPMH.

Jnist GOpMOBKH MO-CHPOMY BHKOPUCTOBYIOTH ITiIla-
HO-OCHTOHITOBI CyMilri 3 BojoroBmictoM 2,8...3,2 %. B
TEXHOJIOTIYHUX Tporecax (OPMOBKH MO-CYXOMY 3acTo-
COBYIOTh TII[AHO-KAOJIHOBI cyMilli, (JOPMHU 3 SKUX Cy-
mate npu Temmnepatypax 200...350 °C [5].

ITpoBeneHi y pi3Hi pOKH CTaTUCTHUYHI JOCIIDKCHHS
nokazaid, mo 45...55 % Brpar Bix Opaky BHIMBKIB 00y-
MOBJICHO KOJIMBaHHSIMH CKJIJy i, BiATIOBIJHO, BIACTHBO-
cTei opMyBaIbHHX cyMiteit [6].

AHauni3 gocaiaxkensb Ta myoaikauii

[TigBHIIEHHS SKOCTI BHJIMBKIB JOCSTAOTh ILLITXOM
BBe/IcHHS B ()OPMYBaJIbHY CyMilll CHELiaIbHUX J00aBOK.
VY nim@aHo-0eHTOHITOBUX cyMimax s (OPMOBKH I10-
CHpPOMY BHKOPUCTOBYIOTh YOTHUPHU BHIM JT00ABOK: MPOTH-
MIPUTapHi, NPOTHY>KUMHHHI, AJISI TOKpPAIIEHHS TEXHO-
JIOTIYHUX BJIACTUBOCTEH, cTabimi3aTopu BoJorocTi [7].

CriliKicTh 10 YTBOPEHHS Y>KUMHUH IiJBHIIYIOTH 3a
paxyHok no6aBok 0,75 % uenonmirHiHy (pe4oBHHH, sKa
YTBOPIOETHCS TIPH TIepepoOIeHH] Ty00BOi crpoBHHN) [4],
1,5 % arpimycy (1100GiYHOTO IPOAYKTY HPOBEAEHHS IIEH-
TO3HOTO Tipoii3y KyKypyA3sHuX kadadiB) [5, 8], 1,0 %
eKCTPY3IHHOTO KpOXMaloBMicHOTO peareHty abo 0,1 %
kpoxmanity [4, 5, 9]. Li mobaBku TakoX MO3UTHBHO
BIIJIMBAIOTh HA TEXHOJIOTIYHI BJIACTUBOCTI, a AEAKI 3 HUX —
Ha MIIHICTb 1 Ta30MPOHUKHICTD CYMIIIIi.

Jist mominimieHHs yIIbHIOBAJIBHOCTI, TEKY4OCTi 1
(hOpMYBaTIBHOCTI €MHUX MIMAHO-OCHTOHITOBUX CyMIiIICH
1o ix ckmaay BBoasTh nmob6aBku [TAP (JIC-PAC, koHTakT
[lerpoBa), opraniuni 3B’s3yBanbHI komnoHeHTH (KO,
YCK), 3umxkyBaui B’si3kocti (HiTpouirtin [10], ok3in [5],
[NPJIX - mnoxideHONBHUI JIICOXIMIYHUI  3HIKYBay
B’s13k0cTi), YIIP (ByrnemyxHuii peareHt), ireta y Kijb-
kocti 0,1...0,5 % [11]. HomaBanus 30kpema IIAP mae
3MOTY HE TUIBKH ITOKPAIIUTH YMOBH 3MIIIyBaHHS KOMIIO-
HEHTIB cywimri, ajge W 3abe3medye MOXIHMBICTH 3HAYHO
CKOPOTHUTH TPHUBAJIICTH CYMIMIONPUTOTYBaHHA (B 1,5 pas3m)
JI0 TOCSITHEHHS ONTUMAJIbHAX IOKa3HUKIB TEXHOJIOTTYHUX
BIIACTUBOCTEN.

Jlnist 3HWOKEHHS 0OCUITAEMOCTI, MiIBUIIEHHS TeKy4O0-
CTi 1 JOCSTHEHHS! PIBHOMIPHOI MIIJIBHOCTI CyMilli B ro-
TOBil popMi 10 Hel J10AalTh MIHEPAJIBbHY OJiI0 B KiJb-
kocti 0,1...1,0 % [12] abo a3bect [5]. Teky4icTh Takox
MIJBUIY€ETHCS micis noaaBanus 2,0 % TEXHIYHOTO JIIrHO-
cynbdoHaty [8] abo maroku [13].

Jnst 3HMOKEHHS B’SI3KOCTI  MIIIaHO-OEHTOHITOBUX
CYCIIeH3iH, SKi BAKOPUCTOBYIOTH B TPOILEC MPUTOTYBaH-
HS CyMIllIeif, BUKOPUCTOBYIOTE J00aBKH rekcameradoc-
¢daty HaTpito abo TpumomidochaTy HATPilO B KiTBKOCTI
0,5...1,5 % [13]. [doGaBku mpuU3BOIATH A0 3HIKCHHS
BHUTpaTH OCHTOHITY Ta IIIBUIICHHS TEXHOJOTIYHUX BIIa-
CTHBOCTEH CYMIIII.

B oauHMuHOMY 1 JpiGHOCEpIHOMY BUPOOHHMIITBI
YacTO BUKOPHCTOBYIOTh ()OPMOBKY Yy Mill[AHO-TIIMHSICTUX

dhopmax mo-cyxomy. Ilicis cymriHHS cymimn HE MiCTHUTh
BOJIOTH, Ma€ TIJBHUIICHY 3arajbHy Ta IIOBEpXHEBY
MIIHICTh, MEHIIIC CXWJIbHA IO (Di3MKO-XIMIYHOT B3aEMOIT
3 METaJIeBUMHU pO3IIaBaMH, a TOMY 3a0e3ledye Kparry
SKICTb JINTHX MOBEpXoHb [1, 11]. Oxnak micis Gararopa-
30BOTO BHKOPHCTaHHS BJACTHBOCTI CyMilli 3HAYHOIO
MIpOI0 3HIKYIOTbCS 4Yepe3 HAaKOMMYEHHsS 3HAYyHOI KiJlb-
KOCTI He0a)KaHWX JOMIMIOK (IMIy, BYTJICIEBUX Ta Op-
TaHIYHHX PEYOBUH, HEAKTUBHOI IJIMHH TOWIO). B pesynb-
TaTi 3HIWKYEThCA MIIHICTh Ta Ta30NMPOHUKHICTH, ITiIBU-
IIyeTbess OOCHUMAeEMICTh. TakoX 3HIKYIOTBCA TEXHO-
JIOTiYHI BIIACTHBOCTI, Ba)KJIMBI JJIS IKICHOTO BiATBOPEHHS
CyMIImio KOH}Iryparii MOAETbHOTO OCHAIICHHS, IO B
KOMIUIEKCI ~ NPU3BOIUTH JI0 TMOSIBU Yy  BWIMBKax
BiINOBITHUX nedekTiB [6, 15].

Jns BupimieHHst miei npoOiieMH, sK BHU3HAUYEHO i3
JITEpaTYypHUX [DKEpes, BUKOPHCTOBYIOTh JIO0aBKH Y
BITHOCHO HeBenukid (He Oumbmie 2 %) kinbkocti. Oc-
HOBHE TPHU3HAYCHHS JO0ABOK — 30INBIICHHS MIIHOCTI i
3HW)KEHHSI 0OCUITIAEMOCTI B CyXOMY CTaHi, Oe3 MoripIieH-
HSl OCHOBHHUX TIOKa3HHKIB y CHPOMY CTaHi.

B mpomy mmaHi akTyaldbHO MJOCTIAWTH JOOaBKH
(ocdariB HaTpiro, AKi BUPOOISAIOTHCA XIMIYHOIO IPOMHU-
CJIOBICTIO B JOCTaTHi# KimbkocTi. [eski 3 HUX (30KpeMa,
tpunoiidocdar i rekcameradocdat) 3HAUIUTH 0OMEKEHE
3aCTOCYBaHHS, BHKIIOYHO SK TEXHOJOII4HI M00aBKH Y
OCHTOHITOBHX CycrieH3isX. SIk MaTepiainu, siKi BIUIMBAIOTh
Ha BJIACTHBOCTI CyMilli B [IJIoMy, 1X He po3risaanu. Kpim
HHUX, y HallMX MOMepeiHiX po0oTax CTBOPEHO HOBHM
3B’s13yBaJbHUI KOMIIOHEHT Ha OCHOBI opTtodocdopHoi
KUCIIOTH 1 TpHmoiidocdary HaTpilo, NMPU3HAUYCHHUH JUIs
BUTOTOBJICHHS CTPYKHIB IpH HarpiBauHi 10 150 °C [16,
17]. et MaTepiall TaKOK MOKE MOTCHIIHO PO3TIIsAAaTH-
csl IK TEXHOJIOT1UHa 00aBKa B (hOpMyBasIbHIN CyMilIi.

Merta podotn

MeTo10 po6oTH € BUBYCHHS BIUIMBY 100aBOK doc-
(daTiB HaTpif0o Ha BIACTHBOCTI OOOPOTHOI MiIIaHO-
TJIMHACTOI CyMillli B CHPOMY 1 CyXOMYy CTaHi IS ITiJBHU-
IICHHS SKOCTI BIJIMBKIB 13 3aJIi30BYTJICLIEBUX 1 aIfOMiHi€-
BUX CIUIaBiB.

3agaui:

1. IIpoananizyBaT BIacTUBOCTI 000POTHOI (hopmy-
BJIBHOI CyMillli B CHPOMY 1 CyXOMYy CTaHi Ta BU3HAYUTH
MOKa3HUKH, sIKi HAMOUIBII HEraTMBHO BIUIMBAIOTh Ha SK-
ICTB JINTBA.

2. JocmimuTu BIUIMB TPHhOX J00aBOK (Tpumomidoc-
taty HAaTpiio; rekcameradocdary HaTpiio;
3B’SI3yBAJBHOIO KOMIIOHEHTa Ha OCHOBI opTodochopHoi
KUCIIOTH 1 TpunomidocaTy HaTpit0) y KixbkocTi 10 2,0 %
Ha BIIACTHBOCTI CYMIIlli B CHPOMY Ta B CyXOMY CTaHi.

3. BuroroButn nuBapHi (HopMHU IS 3aJMBAaHHS Ya-
BYHOM Ta QJIIOMIHI€EBUM CIUIABOM i BCTAaHOBUTH BIUIUB
J00aBOK Ha IKiCTh MIOBEPXOHB OJIEPKAHUX BHIIMBKIB.

4. Po3pobutu peKOMEHIAIN IOJ0 3aCTOCYBAaHHS
n06aBoK (ocdariB HATPIIO IS PETYIIIOBAHHS BIACTHBOC-
Teit 000pOTHOT NIMAHO-TTIMHSACTOT CyMIlIi.

Martepian i MeToanKa 10CTiTKEeHb

B ekcnepumeHTax BHKOpUCTAHO 00OpOTHY (hopMmy-

BaJIbHY CyMIillI Ha OCHOBI KBap1ioBoro micky 3Ks03025 ta
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kaosiHoBoi rimH KM3Ts.

Sk mobaBKm IOCHIMKEHO HACTYIHI (hocaTi HATpirO:

- rpunoiidocdar narpiro (TIIOH) T'OCT 13493-86;

- rekcamertadocdar varpiro ('MDPH) 'OCT20291-80;

- mipogocdar nHatpito (IIOH). [dns npuroryBaHHs
bOT0 MaTepialy BHKOpUCTaHO opTodochopHy KHCIOTY
(1 mac. 4.) ta Tpunoxidocdar Harpito (5 mac. u.). [licns
iX 3MiNIyBaHHSI OTPHMaHy KOMIIO3UIIII0 BUTPHUMYBAJIH
nipu temmneparypi 150 °C mpotsirom 1 rox. Iicast oxomno-
JUKEHHS TOJIPIOHIOBAIM Ta MPOCIIOBAIH Yepe3 CHTO 3 PO-
3MipoMm Biuka 0,2 MM.

st mpuroTyBaHHS cyMillieidl BUKOPUCTaHO Jabopa-
TOPHMH 3MilllyBad 3 BEPTUKAIBHO PO3TAIIOBAHMMH KOT-
kamu mozeni 018M. TpuBamicTe mepemilryBaHHS 5 XB.
[lig gac mpuroTyBaHHS BiIOWpaIH MPoOH i KOHTPOIIO
BOJIOTOCTi HPHCKOPEHHM METOJIOM.

JBi nobasku (TTI®H i [IOH) smistors coboro Oii
JpidHOAMCIIepCHI oporky. 1li pedoBHHM B PO3paxOBaHUX
KUTBKOCTSIX 3aBaHTAKYyBaIM O€3MOCepe/IHbO y 3MilllyBad,
JKOIAHMX IHIIMX KOMIIOHEeHTIB He nomaBa. I MOH ssise
co0OI0 BIJJTHOCHO KpYITHI IIMaTKH (I7IMOM) po3Mipamu Bil
OJTHOTO JI0 JCKLIbKOX caHTuMeTpiB. [loapiOHeHHs marepia-
JIy YCKJIQJIHEHO BHACIINIOK #oro BUcOKoi TBepmocti. Tomy
I'M®H BuxopHcTaHO Yy BHIJISAI BOIHOTO PO3UMHY (Kib-
KICTh BOAM NPHOIN3HO opiBHIOE KibkocTi [ M®H).

Bci BractuBOCTI (pOpMYBaIbHOI CyMillli BU3HAYEHO 32
CTaHJAPTHIMH METOAMKAMH: BMICT IJIMHSCTOI CKJI4IOBOT
srigao I'OCT 29234.1-91 Ha npmiani mozxeni 021, MinHICTE
TIPU CTUCKAHHI 32 CTAHTAPTHUMH IITIHAPUYHAMH 3pa3KamMu
Ha niprazai moaeni 051, MIIHICTE Ipy pO3pUBaHHI 3a CTaHIa-
PTHEMH 3pa3kaMu-BiciMkamy Ha miproiaai Mozeni 081, razor-
POHHKHICTH — Ha mpuiaai Moneni 042 3 jiaMeTpoM Hinerns
1,5 MM, oOcumaemicTs — Ha niprTaal Moaesi 056, TeKydicTh —
3a mpo6oro I'. M. Opsosa (I'OCT23409.17-78), yiiiisHioBa-
neHiCTh — 3rimo [OCT 23409.13-78, dopMyBaibHICTE —
srigHo 'OCT 23409.15-78.

BriactuBocti (opmyBanmbHOI cymimni micns Oarato-
Pa3oBOr0 BUKOPHCTAHHS, B3STOI 32 OCHOBY €KCIIEpHMEH-
Ty, IPEJCTaBIEHO B Tabx. 1.

Ta6amnus 1 — Bractusocti 060poTHOi hopMyBabHOT cymirmi

BuaacrtusocTi | Yuc/10Bi 3HAYEHHS
Y cupomy craHni
Bosoricts, % 5,2
MinHicTh IpU CTUCKaHHI, K[1a 90
I'a30IpOHUKHICTE, 01 46
O6cumnaemictb, % 0,3
Texyuictb, % 30
DopmyBaIbHICTB, % 52
VUIiIbHIOBAIBHICTD, % 46
I'munscra ckinagosa, % 18,9
Y cyxomy crani
MinHicTh ipu po3puBaHHi, kl1a 33
Oo6cumnaemictb, % 1,2

BHacniiok HaKOMMYEHHs MUIONOAiOHOT (pakiii Ta
IHIIMX 3a0pyIHEHb CyMilll He 3a0e3leuye HaJeXHOI KO-
CTi TMTBa, OCKUIGKH ii BIACTUBOCTI (OCOOIHMBO B CYyXOMY

CTaHi) 3HAXOMATHCS HAa HU3HKOMY PiBHI.
PesyabTaTH Ta ix 00roBopeHHs

[NoyaTkoBa cyMill Mae HU3bKE 3HAYESHHS Tra30NpOHHU-
kHOCTI (auB. Tabm. 1), Tomy B mepuly 4depry HeoOXiIHO
Oyno nepekoHarucs, o foaaBanHs ¢ocdariB HaTpito He
CHPUYUHUTH TOJAJBIIOr0 3HW)KEHHS IIbOTO IOKa3HHKa,
NpU SIKOMY BHKOPHCTAaHHs CyMmill Oyne YyCKIaaHEHHM
a00 B3araji HEMOXJIUBUM.

Sk BuHO 3 OTpuMaHuXx pesynbTatiB (puc. 1) docda-
TH HATPIiIO0 HE MAIOTh BUPKEHOTO BIUIMBY HAa I'a30IPOHH-
KHicTh. [licns momaBaHHS KOXKHOTO 13 HHUX Y KITBKOCTI
1,5 % 1 OuTbIIe Iis1 XapaKTEPUCTHKA MOBHICTIO CTa01II3y-
€THCSL.
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Pucynok 1. Brutie 106aBok Ha ra3onpoHUKHICTH (POPMYBalib-
HOT CyMiLt:
1 — nob6aska TII®H; 2 — nodaska [1®H; 3 — no6aska 'MDH
3 rpadikiB Ha puc. 2 6aunmo, o noxasanus 0,5 %
KOXXHOTO 13 (ocdariB HATpilO MiABHILYE MilHICTh. Mak-
cumyM MirHOCTI js TTIOH Bigmosigae BMicTy wi€l 1o0-
6aeku 1,0 %. JonaBanass I'M®H 6inpme wik 0,5 % Ha-
BIIAKH TOTiPIITy€E MIIHICTB, IO 3yMOBJICHO CIIOCOOOM BH-
KOPHUCTaHHSA 1i€l J00aBKH (y BUTISAI BOJHOTO PO3UHHY)
Ta BiATIOBITHUM ITi IBUIICHHSIM BOJIOTOCTI CYMIIIi.
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Pucynoxk 2. Brus no6aBox Ha MinHICTE (opMyBanbHOT
cymii:
1 — no6aska TIIDH; 2 — no6aska IIOH; 3 — nobaska 'M®H

[I®H migBuniye 3HaYeHHS OOCHIIAEMOCTI CYMIIm 3
0,3 % mo maitke 1,0 %, six BumHO i3 puc. 3 (kpuBa 2), 1o
MOX€ YCKIIaJIHIOBaTH poOOTY IIpU BUTOTOBIICHHI (hOopM Ta
HETaTUBHO BiJOOpa3WTHUCh Ha AKOCTi ymTBa. [Ipm mona-
BanHi 'M®H HajmuiikoBa BoJioTa CHPHSIE 3HUKCHHIO
B’SI3KOCTI TNIMHACTHX IUTIBOK, IO TIOKPAIIy€e 3B’SI3yBaHHS
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4acToK IicKy (kpuBa 3), ane micns 1,5 % HaaMipHa Boo-
ra MpU3BOIUTH J0 MOCIa0IeHHS X 3B SA3KiB 1 oOCHIae-
MICTh He3HadHOI0 Mipoto 30impmryerscs. TIIOH mpak-
TUYHO HE BIUTUBAE Ha obcumaeMicTh (KpuBa 1).
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Pucynok 3. BruiB no6aBok Ha obcumaemicts GpopMyBaIbHOL
CyMiTi:

1 — nodaBka TII®H; 2 — nobaska [1®H; 3 — nobaska TMOH

Ha puc. 4 mokazano BB no6aBku ' M®H Ha Tex-
HOJIOTi4HI BJIACTHBOCTI cyMmimmi. [3 rpadikiB BumHO, IO
el BIUIMB € MiHiMansHuM. Y Kinbkocti 0,5...1,0 % mo-
0aBKa HE3HAYHOIO MIpOIO MIJIBUIIYE TEKYYiCTh 1 opMy-
BJIBHICTh, OCKUIBKM MOCIA0IIOE CHIM BHYTPIIIHBOTO
TepTs M gacTkamu micky. Bmict TM®H nonan 1,0 % €
HeOaXaHUM, X04Ya BHPa)KEHOTO HETaTHBHOT'O BIUIMBY BiH
HE Hece.
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Pucynok 4. Brutus no6asku 'M®H Ha TexHonorivsi
BIIACTUBOCTI (pOpMyBaNbHOI CyMili:
1 — Tekyu4icTh; 2 — yIIIIBHIOBANBHICTD; 3 — GOPMyBaJbHICTH

Jocnimkenns: BBy nob6asok TIIOH i [IOH na
TEXHOJIOTIYHI BJIACTUBOCTI CyMIlll MOKa3ald, W0 el
BIUIMB MPAaKTHYHO BIICYTHIH, TOMY rpadiyHHuX 3aJIeKHOC-
Tell He IPeACTaBIEHO.

OTxe, 3a pe3yabTaTaMu IPOBEICHUX EKCIEPHMEH-
TiB OyJO BH3HAUCHO, IO KOXHA i3 TPHOX TOCIIIKCHHUX
J00aBOK TIO3UTHUBHO BIUTMBAE HA MIIHICT MPHU CTUCKAHHI
y cupomy crani. TII®H ta I'M®H € mnoepxHeBo-
AKTUBHIMH PEUYOBHHAMH, AKi 3HIDKYIOTH B’S3KiCTh TIIHHS-
CTHX IUTIBOK Ta MOKpaInyoTh ix aaresito. [IOH, y croro
4yepry, € BOJOPO3YNHHUM 3B’SI3yBallbHUM KOMIIOHEHTOM,
YMM 3yMOBJICHO HOTO NMO3UTUBHUII BIUIMB Ha MilHicTh. Ha
PELITY BIACTUBOCTEH J100aBKHM MarOTh ClIa0KO BUPaKEHHUH
MMO3UTHBHUI BIUIMB a00 PaKTUYHO HE BIUIMBAIOTh.

Jist mocnmiJpkeHHsT 3pa3KiB CyMillli B CyXOMy CTaHi

Ha MIOHICT ITPH PO3pHBaHHI Ta 00CHIAEMICTh OYyJI0 Mpo-
BEICHO CYIIKy MpOTAroM 1 TON TpH TeMIepaTypi
150...160 °C.

VY cyxoMy craHi, sk BumHO 3 puc. 5, TII®H Ta
I'M®H MaroTh CyTTEBHI TO3UTUBHHUNA BIUIAB, TOOTO MiIl-
HICTB 3pocTae B 2...3 pa3u.
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Pucynok 5. Bruiu 106aBok Ha MinHicTh (HOpMyBasIbHOT CyMili
B CyXOMY CTaHi:

1 — mo6aska TII®H; 2 — no6aska [1®H; 3 — nodaska TMDH

i no6aBkM MOKPAILIYIOTh a[re3it0 INIMHU IO HAIOB-
HIOBaYa, a MiCJs BUAAJCHHS BOAW BOHU CIPHUSIOTH 3MIll-
HEHHIO 3B’s3yBajibHUX TUIiBOK. [IOH mae meHu Bupaske-
HUHA TO3WTHBHUM e(eKT, SIKMH TPOSBIAETHCS TUIBKH ITiC-
N jponaBaHHs Oinmbine 1,5 % miei mo0aBku. Lle moscHro-
erbes UM, mo I[IOH e camocTiifHUM 3B’S3yBalbHIM
KOMITOHEHTOM 1 TPOSIB HOTO 3B’S3yBalbHOTO TMOTEHIATY
CTa€ MOXIIMBUM JIHIIEC TpU OUTHII BHCOKOMY BMICTi, a
HasIBHICTD TJIMHH, B CBOIO UEpry, MEPEIIKOIKAE MIPOSIBY
MirHocTi [IOH. Tomy sk noGaBka IS MiABUINEHHS Mill-
Hocri [I®H ne € epekTuBHNM.

OO6cunaemictpb cymimii micist qoaasanus [IOH crpim-
KO TOTIPIIYETHCS, 110 POOUTh BUKOPHUCTAHHS 1€l 100aBKH
HenpunyctumuM. Ilicias momaBanus TIIOH ta 'M®H,
HaBIIAaKM, CIOCTEpIracThCsi 3MEHIIEHHS OOCHMAEMOCTI
Maibke y 2 pa3u IpH BMICTI 1iux 106aBok 0,5 % (puc. 6).
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PucyHok 6. Brutis no6aBok Ha o6cunaeMicTb GopMyBabHOL
CyMilll B CyXOMY CTaHi:
1 — no6aska TIIDH; 2 — no6aska I1PH; 3 — nobaska 'M®H
3a TOpIBHAIBHUMHU [iarpaMaMi, HaBEICHUMH Ha
puc. 7, crae OYCBHIHHUM, IO B CYXOMY CTaHi CyMmimI 3
nobaskoro [IOH mae nHaliripmni moka3Hukw. J[Bi iHmN 10-
0aBKM, HABIAKH, CIIPHSIOTH 3HAYHOMY MOKPAIIEHHIO BJla-
CTHBOCTEH.
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Pucynox 7. ITopiBHsIIBHUI aHaIi3 BIVIMBY 100aBOK Ha MIIHICTh
i oOcumaemicts GOpMyBaNbHOI CyMillli B CyXOMY CTaHi:

1 — 6e3 mobaBok, 2 —3 mobaskoro 1,0% TIIDPH, 3 — 3 nobaBkoIO
2,0% I1®H, 4 — 3 no6askor 1,0% 'MDOH

Jo6asku TIIOH Ta TM®H MatoTh CyTTEBHIA NO3HU-
TUBHMH BIUIMB IIPH JI0JjaBaHHI B 000POTHY (OPMYBaIbHY
cyMimn. BigMideHe B eKCIIEpUMEHTAX ITiJBUICHHS MiIlHO-
CTl B IIOEQHAHHI 3 HU3BKOI OOCHIIAEMICTIO MOXKE 3a0€e3-
TICYUTH 3HAYHE T IBUILEHHS SKOCTI JINTBA B CyXi (opMH.

Byno nmpurorosieno mo 50 kr cymimei i3 quMu 1o-
O6aBkamu. SIK OCHOBY BHKOPHCTAaHO BHOHTY i3 OIOK 000-
POTHY CyMimI, A0 SIKOi JOAAaBajl TIIMHACTY CYCIIEH3II0 Ta
¢docdaru nHatpiro. IlapanensHo mpuroTyBamu cymim 0e3
n06aBok. TpuBaicTh epeMinlyBaHHs 5 XB.

dopMmu [ 3aMMBaHHA QIIOMIHIEBHM —CILUIABOM
AK12 BUTOTOBISUIM 32 METaJeBUMHU PO3’€MHHUMHU MOJE-
JISIMM y TIApPHUX OINOKaX. 3aJIMBaHHS (OPM 31HCHIOBAJIH B
CHpOMY CTaHi Bi/ipa3y Iiciisi iX BUTOTOBJICHHS 1 CKJIaJlaH-
Hs1. BunmBku nokaszano Ha puc. 8.

BisyanbHuil KOHTpOJb TOKa3aB PI3HHUIIO B SKOCTI
JIUTHX TIOBEPXOHb HeTajel, BUTOTOBIEHHX y Qopmax 3
nob6askoro 1,0 % TIIOH (BunmBok mpaBopyy) 1 6e3 Hei
(BHIIMBOK JIIBOPYY).

Dopmu 171 3aMMBAaHHSA YaBYHOM PI3HOTO XiMIiYHOTO
CKJIaly BUTOTOBJISUIM 3a JI€peB’STHUMH MOAECISAMHM y Tap-
Hux onokax (puc. 9). [TiBopmu mignaBamd CyIiHHIO IPU
temrepatypi 6nu3bko 150 °C. 3anuBaHHs 3A1HCHIOBAIH B
cyxi ()OpMH 13 3aCTOCYBAHHSIM METO/IiB BHYTPIIIHBO(OP-
MOBOT0 MOAM(DIKyBaHHS.

ERENwTES vall- R

Pucynok 9. ®opma 111 3a11BaHHA YaByHOM

Uepe3 0COONMHMBOCTI MPOIECY 3aIMBaHHS, SKHHA Tie-
pendavae monrapoBe 3aOBHEHHS (POPMH 13 May3aMu Mix
eTallaMy 3aJMBaHHs, 3HAYHE TEIUIOBE BHIIPOMIHFOBAHHS
PO3IUIAaBY CHIPHYMHSAE BiAMIAPYBAaHHSA CyMilll 3 BEpXHBOI
miBGOPMI Ta yTBOPEHHS y BHJIMBKAX y>KHMUWH, 30BHIIIHIX
Ta BHYTPILIHIX MIIIAHUX PAKOBHUH 200 MOPYIICHHS KOH)i-
rypauii (puc. 10).

Pucynoxk 10. BunuBok «BepTukaibHa [UINTay i3 4aByHY, BUTO-
TOBJIeHHH ¥ opmi 6e3 106aBok

Haromicts (opma 3 no6aBkoro ¢ocdaris HaTpito 3a-

Oesrevye BHUTOTOBJIICHHS LIMX BHJIMBKIB 0e3 nedekTiB

(puc. 11).

Pucynok 11. BunuBok «BepTukaibHa [UIHTa i3 YaByHY, BUTO-
ToBJICHUH y (opmi 3 obaskoro 1,0 % TIIOH
BHaciiiok 3HA4YHOrO MiABUIIECHHS MILHOCTI Ta 3HHU-
JKeHHsI 00CHIIAEMOCTI B CyXOMY CTaHi, 00aBku ¢ocdaris
HATpirO 3a0e3MeuyloTh 3HaYHEe 3MILHEHHS OBEpXHi (op-
MM i1 J1€10 TeIula po3IUIaBy, MiciIs YOTO BiAIIapyBaHHS
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abo pylHYBaHHS cTa€ HeMOXIUBUM. KpiM 11p0T0, 106aB-
KM 3aXHIIA0Th TOBEPXHIO BWIMBKa (¥oro ToBmmuaa 50
MM) Bix mpurapy. i mopiBHAHHS Ha puc. 12 HaBeaeHO
BUJIMBOK, BEPXHIO MIiBGOPMY UIS SKOTO BUTOTOBIICHO i3
CyMIillli 3 PIIKUM CKJIOM.

Pucynok 12. BuiiBok, BUTOTOBJICHHIT i3 3aCTOCYBaHHIM BepX-
HBOT MBOPMH 3 PIAKAM CKIOM

Ha puc. 13 HaBeneHO BWIMBOK, BepXHIO miBopmy
JUIsl SIKOTO BUTOTOBJICHO 13 cyMimii 3 go6aBkoro 'M®H.
Omxe, no6aBku (ochaTiB HATPilO AIMCHO 3a0€3MeUyIOTh
3HW)KEHHSI CXHJIBHOCTI (hOpMyBaJIbHOI CyMili JI0 yTBO-
PEHHS TIpUrapy HaBiTh MICIS TPUBAJIOTO KOHTAKTY PO3I-
naBy 3 (opmoro.

Pucynoxk 13. BuuBok, BuroroBienuii y ¢popmi 3 nodaskoro 0,5
% I'M®H

Jocmimkeni 100aBKH CITiJ peKOMEHIYBATH IJIS BU-
KOPHUCTaHHA y (OPMYBAIBHUX CyMiIIax IS YAOCKOHA-
JIEHHS MIPOIIECIB JUTTS Y GOPMH MO-CYXOMY.

BucHoBku

1. Briepure 3anponoHOBaHO AJsl OJJHOYACHOTO ITOK-
pallleHHs] BJIaCTMBOCTEH OOOpPOTHHMX Mil[AHO-TJIMHSACTUX
(opMyBaJIbHUX CyMIllIEH Y CUPOMY Ta B CyXOMY CTaHax
JI0ZIaBaHHSI HE3HAYHMX KiTbKocTell ¢ocdariB HaTpito (Bix
0,5 mo 2,0 %).

2. YcTaHOBIEHO, IO JIOaBaHHS TpHIoiidocdary
HaTpito B KuTbkocTi 10 1,0 % HE3HaYHOIO MipOIO ITiJIBH-
LIy€ XapaKTePUCTHKU MIIIHOCTI B CHPOMY CTaHi, B TOW yac
SIK [i TIOKa3HUKH B CYXOMY CTaHI 3HAYHO MOKPAILYIOTHCS.
HonaBanHs rekcameradochaTy HATPII0O B  KITBKOCTI
0,5...1,0 % aHaNOTiYHO MiABHILY€E BIACTUBOCTI B CYXOMY
cTaHi. BmmB mocmimkernx ¢ocdaTiB Ha Ta30IpPOHUK-
HICTh Ta TEXHOJIOTIYHI BJIACTHBOCTI (TEKYyYiCTh, YIIijIb-
HIOBAJIbHICTh, ()OPMYBAJIBHICTB) € MiHIMaJIbHUM.

3. 3a0e3rneueHo 3HA4YHE MMOKPAIEHHS SIKOCTI BHIIMB-
KiB y cyxux (hopmax i3 3aCTOCyBaHHSM CyMile 3 1o06aB-
kamu 0,5...1,0 % tpunonidochary abo rekcameradocha-
Ty HaTpilo. BHaciiqoKk yCyHEHHs Ipoliecy BiAlIapyBaHHS
MoBepxHi (OPMH M Ai€I0 TeIia PO3IUIaBy, Ha MOBEPXHI
BIUIMBKIB BiZICyTHI mpwrap i miliaHi pakoBHUHH, TaKOX
HEMa€ Y)KAMUH 1 BHYTPIIIHIX MIIMAHUX PaKOBUH, SKi yT-
BOPIOKOTECA ¥ (opMmax 6e3 mobaBok. [103uTHBHI pe3yiib-
TaTH JOCSITHYTO Ha BHJIMBKAxX i3 ciporo ta moangikoBa-
HOTO 4aBYHY, QJIIOMiHI€EBOTO CILIaBY.
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Purpose. Study of the effect of sodium phosphate additives on the properties of a reversible sand-clay mixture in
the green and dry state to improve the quality of castings from iron-carbon and aluminum alloys.

Research methods. A reversible molding mixture based on quartz sand and kaolin clay was used. The effect of
three additives (sodium tripolyphosphate, sodium hexametaphosphate, sodium pyrophosphate) in amounts from 0.5 to
2.0% was studied. Properties of mixture were determined using standard methods: clay component content, strength,
gas permeability, crumbleness, flowability, formability, packing.

Results. Effective additives have been studied to ensure the possibility of multiple use of reversible molding sand-
clay mixtures. Special attention is paid to the regulation of the properties of the mixture in the dry state, since this issue
has been much less researched today. For this purpose, sodium phosphates, which are produced by the chemical indus-
try in sufficient quantities, were used for the first time. As materials that affect the properties of the mixture as a whole,
they have not been considered before.

Scientific novelty. For the first time, the positive effect of sodium phosphate additives on the physical and mechan-
ical properties such as strength and crumbleness of reversible sand-clay mixtures was established. This effect is mani-
fested in the fact that additives contribute to a slight improvement of properties of the green mixture and a very signifi-
cant improvement of these properties of the dry mixture. There is practically no effect on important technological prop-
erties (flowability, formability, packing).

Practical value. Based on the results of the experiments, it is recommended to use sodium tripolyphosphate or
hexametaphosphate additives in the amount of 0.5 to 1.0 % to significantly improve the properties of dry sand-clay
foundry molds. The use of these additives eliminates the appearance of surface defects in cast parts from aluminum and
iron-carbon alloys.

Key words: cast part, moldind mixture, reversible mixture, properties, sodium phosphates, foundry mold, strength.
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