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MOIEJIOBAHHS OIITUMAJIBHOI'O CKIALY MOAU®IKATOPA
JJIs1 OTPUMAHHSA BUJIMBKIB I3 BUCOKOMIITHOTI'O YABYHY
BE3 BUBLJIEHHS 1 TEPMIYHOI OBPOBKH

B pobomi nasedeni pesyromamu 0ocniodcens 8naugy ckiady epagimusyouoeo mooupikamo-
pa 0151 06poOKU BUCOKOMIYHO2O YABYHY 3 BUKOPUCTIAHHAM MemoOig nianysanus excnepumenmy. I1io-
sUUMU ePEKMUBHICTHE MOOUDIKYBAHHS, MEXAHIUHUX 61ACIMUBOCIEll YABYHY 1 3a0e3nedumu ompu-
MAHHSL YABYHY 3 HEOOXIOHOI0 MIKPOCMPYKMYpY Oe3 GUKOPUCMAHHSA MePMIYHOI 00pOOKU MOJICHA 3d
PAXYHOK 68€0€HHsl 00 CKAA0Y MOOUPIKAMOPa AKmueHUX eremMenmis. 3a pe3yibmamamu 00CIi0NCeHb
MODICHA 3pOOUMU BUCHOBOK, WO HAUDLIbWL eQEeKMUBHUMU A HeOOPOSUMU eleMeHmamu OJist 66€0CHHS.
00 cknady moougikamopa € kanvyiti i bapi.

Knwuosi cnosa: mooentoeanms; MOOupikamop,; 6UCOKOMIYHUL UYABYH, MIKPOCHMPYKmMypa,
BUOINEHH, YeMeHmum, mepmiuHa 0opoodxa.

The results of research on the influence of the composition of the graphitizing modifier for the
treatment of high-strength pig iron with the use of experimental design methods are given. Increase
the efficiency of modification, mechanical properties of pig iron and to ensure that iron with the
necessary microstructure without the use of heat treatment can be achieved by introducing into the
modifier of active elements. According to the research results, it can be concluded that the most
effective and inexpensive elements for introducing the modifier are calcium and barium.

Keywords: modeling, modifier; high-strength cast iron; microstructure; bleaching, cementite;
thermal treatment.

IMocTranoBka npodaemu

OpnHi€r0 13 XapakTepHUX OCOOJIMBOCTEH BHCOKOMIITHOTO YaBYHY € KpUCTali3aiis 3a MeTacra-
OUTPHOIO CHUCTEMOIO, L0 3HAYHO IMOTIPIIY€ BIACTUBOCTI TOHKOCTIHHHMX BHJIMBKIB MAaIIMHOOYZIBHOTO
npu3HaYeHHs. [IpUCYTHICTh BUTBHOTO LEMEHTUTY B CTPYKTYpi YaBYHY € OPakOBOYHOIO O3HAKOIO JUIS
OULTBIIIOCTI BMJIMBKIB MaImTHHOOYIAIBHOTO TpPHU3HAYCHHS, TaK SAK II¢ 3HAYHO ITIJIBHINYE TBEPHICTH, sSKa
MOXE TEPEBUIIYBATH JIOMMYCTUMI MEXi 1 YCKIIaJHIOBATH MEXaHIYHy OOpPOOKY JIMTHX 3arOTOBOK B Me-
XaHIYHHUX 1exax. J[1g yCyHeHHS IIbOro HEeIONIKy — YCYHEHHs IIEMEHTHTY i OTpHMaHHS HEOOXiJHOi
CTPYKTYPH BWJIMBKHU TIPOXOIATH TpadiTu3yody TepmMooOpoOKy. [IpoBeaeHHS TepMidHOI OOpOOKH BH-
Mara€ BUKOHAHHS JOAATKOBHX OIEpalliii i BCTaTKyBaHHS, BAPOOHUYHX TUIOLI, TTOIOBKY€E BUPOOHUINI
IIMKJI BUTOTOBJICHHSI BHJIMBKiB, Ha0araTo 301IbIIye eHEproBUTPATHICTh W BapTiCTh JUTT, IO POOUTH
HOro HEeKOHKYpPEHTHO3IaTHUM Ha PUHKY HPOAYKIii. /I yCyHeHHS IUX HEJONiKiB OyiM mpoBeIeHi
JOCIIJPKEHHSI OIeP’KaHHS BHJIMBKIB 0€3 CTPYKTYPHO BUILHOTO IEMEHTHTY B JINTOMY CTaHi 32 paxXyHOK
JIOJAaTKOBOTO TpadiTu3yrouoro MoaudikyBaHHS.

DopmyTIOBAHHSA METH JOCTiTKEHHS

MerToro po0oTH € po3poOKa ONTHUMAIBFHOTO CKIIaay TpadiTH3yrdoro MoaudikaTopa, sKHid Mpu
HEBENMKNX BHUTpaTax 3abe3ledye OTPUMaHHS BWIMBKIB i3 BHCOKOMIIIHOTO YaBYHY 3 HEOOXiJIHOIO
CTPYKTYpOIO 03 TepMi4HOi 00pOoOKH.

BukJsiax ocHOBHOTO MaTepiairy

[Ipu BHPOOHUIITBI BIJIMBKIB 13 BUCOKOMIITHOTO YaBYHY JUTSI 3aI00iraHHS KpHCTami3amii 3 BU-
OlIeHHsIM y BWJIMBKaX 3aCTOCOBYIOTh BTOpHHHE MomudikyBaHHs ¢epocuminiem ®C75. Oagnak #oro
BUKOPHUCTAHHSI B HEOOXITHUX KIJBKOCTSIX HE 3aBXKAU MOXKJIHMBE 13-3a OOMEKEHb 110 KiHLEBOMY BMICTY
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KpeMHito B 4yaByHi. [limBummru rpaditusyrounii noreHmian ¢GepocruiaBy i 3MEHIIUTH HOTO BUTpaTH
MO>KHA 32 paxyHOK BBEIECHHS 10 HOTO CKIIany eneMeHTiB-rpadituzaropie — Al, Ca, Ba, Ti. P3M. 11i
€JIEMEHTH MalOTh BUCOKY CHOPITHEHICTh JI0 CKJIAJIOBUX YaBYHY HaBITh NMPH BHCOKUX TEMIIEPaTypax, a
3’€IHAHHSA, 1[0 YTBOPIOIOTHCSI MOKYTh OyTH MiIKIaAeHKaMH A7l 3aPOJKiB BKIIOYEHb Tpadiry.

XiMi9HHNA CKJIaj i BHTpaTa rpadiTuzyrodoro mMomudikaTopa BiAmOBimaB ymMoBaMm Ta0muili 1.
BurutaBky rpadituzyrodoro Moaudikatopa IpOBOAMIN B €IEKTPUYHIHN Tedi omopy i3 rpadiToBUM Ha-
rpiBauem TI'BI B amynnoBomy Turii B armocdepi iHepTHOro razy. s BUIIaBKH MoaudikaTopa BH-
KOPUCTOBYBAJIMCS Ti X MaTepiany 1o W Ui BUIUIaBKK 4aByHy OLHIOBaHHS BIUIMBY CKJIangy W BHUTpa-
™ MoaudikaTopa Ha KPHCTAJI3AI0 YaByHY BUKOHYBAJIH IO TIMOWHI BUOIJICHHS B KJIMHOBIH MpoOi 1
CTPYKTYpi 4aByHY B Ipo0Oax pi3HOT TOBIIUHH.

Buxopucranus npomucioBoro ¢gepocuriniro @C 75 3 mobaBkaMu 0JHOTO i3 aKTUBHUX eJieMe-
HTIB HE 3a0e3MeuyBaio ofepKaHHs BIUIMBKIB 3 HEOOX1THOIO CTPYKTYPOIO ¥ MEXaHIYHUMH BJIACTHBOC-
TSAMH, 0COOJIMBO 3a TUIACTHYHUMH NOKa3HUKaMH B TIEpETHHI BUIMBKIB MeHIe 16 Mmm. ToMy 1uts ozmep-
JKaHHS HeOOXiTHMX BJIACTUBOCTEH BUJIMBKH JOAATKOBO CIPSIMOBYBAIMCS Ha TepMiuHy 00poOKy. s
YCYHEHHS IHX HEJOMIKiB (TadbMyBaHHS YTBOPEHHS KapOifiB, 3HIKEHHS TBEPAOCTi, MOIpiOHEHHS
BKJIIOUEHb rpadiTy, MiIBUIICHHS IUIACTUYHHUX BIACTHBOCTEH YaBYHY B JIUTOMY CTaHi) OyJH MpoBeeHi
IUIABKU 3 ONTHUMIi3alii cKiIagy MoaudikaTopa i3 BAKOPUCTaHHSIM METOly MaTeMaTHYHOTO IUIaHyBaHHS
EKCIEPUMEHTY.

Jliist moOyI0BY JIOKAIBHOI MaTEMaTHIHOI MOJIENI 3aJIeXKHOCTI TIIMOMHN BHOUIEHHS BiJl CKJIaITy
rpaditusyrouoro MoxudikaTopa 6yB MpoBeCHHI TOBHUH (pakTopHUI ekcriepumenT Triry [TOIT2*[1].
InTepBanu BapitoBaHHS It OCHOBHI piBHI (pakTOpiB mpeacTaBieHi B Tadm. 1, ne "+" BepxHiit piBeHs, "—"
HIDKHIN piBeHb, "0" OCHOBHHU piBeHb 3HAUYCHHS (akTopa. MaTpuIls IIaHyBaHH i pe3yJIbTaTH eKCITe-
PUMEHTIB HaBeZICHI B TalI. 2.

Tabnuys 1. PiBHi pakTOpiB 1 iHTEpPBAIIN BapitOBaHHS

OcHoBHUH InTepBan Bepxwiit Hwuxniit
®dakTopu . . . .
piBEHb BapifOBaHH: piBeHb piBEHb
X, BMicT KabLit0 B Mogudikaropi, % 7 2 9 5
X, BmicT Gapiro B Moaudikaropi, % 7 2 9 5
X, Butparta moaudikaTopa, % 0.4 0.1 0.5 0.3
Tabnuys 2. MaTpuus miaHyBasHs excrepumenty [IOI1-2°
Ne nocminy X X, X;3 Hyys
1 +9 +9 +0.5 24
2 =7 +9 +0.5 30
3 +9 =7 +0.5 18
4 -7 —7 +0.5 14
5 +9 +9 —0.3 33
6 =7 +9 —0.3 17
7 +9 -7 —0.3 25
8 -7 -7 —0.3 16

3a oTpuMaHUMH pe3yJIbTaTaMHU IICHIsE pealtizailii yMOB 3a IJIAHOM MOBHOT'O (haKTOPHOTO €KC-
MIEPUMEHTY B KOJIOBOMY MacmTabi Oyna moOynoBaHa JIOKaJIbHA MaTeMaTW4YHAa MOJEINb 3aJIe)KHOCTI
rOMHY BUOLIEHHS B KJIMHOBIN Tpo0i Bif ckiraxy Moaudikaropa
H=28.125+ 2.875X;+ 3.875X, + 0.625X;— 0.375X; X, — 3.375X; X5 +
+1.625X,X;—2.125X; X, X;.
OTprMaHa MaTeMaTU4YHA MOJICIb MICIIs BUKITIOUEHHS MAJIO3HAYUMUX KOC(]IIIEHTIB Jlajia MOX-
JUBICTh BU3HAYUTH HANPSIMOK PYXY IO TPATIEHTY B HANPSIMKY JO 00JacTi onTuMyMmy. BpaxoByroun



92 Maremarnune MozaenroBaHust Ne 1(40) 2018

0OMEXEHHs 110 BUTPATI BTOPHHHOTO MoaudikaTopa sl BUCOKOMIIIHOTO YaBYHY el TTOKa3HHUK OYB
3adikcoBannii Ha piBHI He Oinbme 0,35 %. B Tabn. 3 mpuBeneHi po3paxoBaHi YMOBH MPOBENEHHS €KC-
NEPUMEHTIB PyXY 1O TPAJIIEHTY.

Tabauya 3. Po3paxyHKH pyXy O TPaIi€HTy

daxTopu X, X, X3 I'mubuna BUOUIEHHS, MM
HynpoBwii piBeHb 7 7 0.4
IHTepBa BapiroBaHHs 2 2 0.1
Koediuient perpecii 2.875 3.875 0.625
bixd; 5.75 7.75 0.0625
O 1 1.5 0.06
OxpyrieHHs 1 1.5 0
Hocmian:
1 (ysiBHHIT) 6 5.5 0.35
2 5 4.0 0.35 12
3 4 2.5 0.35 7
4 3 1 0.35 10

[Ticns peamizamii mux AOCHIAIB OYJI0 MPUHHATE PillIEeHHS MPUIUHUTH PYX MO TPAII€HTy W OIH-
caTy MOBepxHIO (YHKIIT BIATYKYy HaBKoJO TO4kH 3. Halimenmia rimbuna BubineHHs (7 MMm) oTpuMaHa
npu BMicTi Kanblito 4 % 1 Oapito 2.5 % y monudikaTtopi, npu ioro Butpati 0.35 %. Li ymoBu Oynu
NPUIHHATI 32 HyJIbOBUI piBeHb Y Ta0Jl. 4 HaBeleHa MAaTPUII TUIAHYBaHHS i YMOBHU IPOBEICHHS JIOCITi-
IIiB y HOBI#t 00acTi (hakTOPHOTO IMPOCTOPY.

Tabnuys 4. BuBuenns obnacti ontumymy (I cepist nocmizis)

[HTepBan BapitoBaHHs i piBHI (hakTOpiB X X, X; Y
HynboBwuii piBeHp X = 4 2.5 0.35
IaTepBait BapitoBaHH 1 1 0.05
BepxHiii piBeHb 5 3.5 0.4
HwxHiii piBeHb 3 1.5 0.3
Jocninu:
1 + + + 11
2 - + + 15
3 + + 14
4 — — + 14
5 + + - 13
6 - + - 19
7 — — 16
8 — — — 17

PozpaxyHku 3a pe3ynbTaTamMu JOCTIIB AW HACTYITHI 3HaUeHHS KoedimieHTiB perpecii
bo=15; by =—1.375; by=0.375; b3=—1.375

0 SIKMX MOYKHA 3aIKUCaTH JIIHIHHY MOJIENb

H=15-1.375X,-0.375X, — 1.375X.

JInst yTOUYHEHHST MOJIETi CKOPHCTAIMCS OPTOTOHAJIBHUM IUIAHOM JPYToro mopsnaky. Jlocminw,
BUKOHaHI 3a IJIaHOM Ta0Jl. 4, BUKOPUCTOBYBAJIH B SIKOCTI Apa IUIaHYBaHHS, TOTIOBHUBIIH JOCIiIaMH
Ha Bi/ICTaHi d BiJ LEHTPY ¥ Ha HYJLOBOMY PiBHi. YMOBH HPOBEICHHS JOCIHiiB BU3HAYAIN 332 JAaHUMHU
Tabm. 5.
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Tabnuys 5. Jlani st BU3SHaYSHHS] YMOB JTOCTI/TiB

PiBens daktopin Xi X, X;
HynpoBa kparika 4 2.5 0.35
30psiHi TOYKH
X=-d 2.8 1.3 0.29
X=+d 5.2 3.8 0.4

Pesynbrat mocniniB, M0 CTAHOBJIATH OPTOTOHAIBHHUHA TUIAH APYTOro TOPSAKY, 3BEICHI B
Tabmn. 6.

Tabauys 6. YMOBU ¥ pe3ynbTaTH AOCIIAIB 32 TUIAHOM JIPYTOTO MOPSAKY

Hocrin X, X | X 0~j ~ 11715\ 02 =11/15| OF = 11115 | XX | XX | X%X| Y Ypos
1 + + + 4/15 4/15 4/15 + + + 11 10,1
2 — + + 4/15 4/15 4/15 — — + 15 153
3 + — + 4/15 4/15 4/15 — + — 14 13,1
4 — — + 4/15 4/15 4/15 + + — 14 133
5 + + — 4/15 4/15 4/15 + — — 13 13,3
6 — + — 4/15 4/15 4/15 — - - 19 17,9
7 + — - 4/15 4/15 4/15 — + + 16 15,3
8 — - - 4/15 4/15 4/15 + — + 17 17,7
9 —1,215] 0 0 23/30 -11/15 | -11/15 0 0 0 11 11,1
10 +1,215] 0 0 23/30 —11/15 —11/15 0 0 0 9 95
11 0 1,215/ O -11/15 23/30 -11/15 0 0 0 12 12,4
12 0 H1,215] 0 —11/15 23/30 -11/15 0 0 0 8 9,7
13 0 0 1,215 -11/15 | —-11/15 23/30 0 0 0 9 10,6
14 0 0 1,215 -11/15 —11/15 23/30 0 0 0 7 77
15 0 0 0 —11/15 —11/15 -11/15 0 0 0 9 6,7

Kopucrytouncey nannumu tabn. 6, BU3Ha4a M 3Ha4eHHs Koe(illieHTiB perpecii Ajsi piBHSIHHS.

3a MU JaHUMH PiBHSHHS MOKe OYTH 3amucane y BUTIISIII
H=12.266-1.226X; 1.082X; 1.214X; 1.125X; X, + 1.125X,.X5—
—0.125X,X3 +2.05(X, 11/15) +2.05(X; 11/15) +1.80(X;3 11/15).
[Tpu nepexoni o 3Bu4aiiHOI hopMu 3amucy:
b= 12.266 — 11/15(2.05 + 2.05 + 1.80) = 6.597.
PiBHSHHS TIPUITHSIIO BUT:
H=8.6-12X, 1.1X; — 1.2X5 — 1.4X, X; — 1.4X, X5 +2X 1, +2X5 + 1.7X;5,.

st BU3HAUCHHSI KOOPAMHAT ONTUMaJIbHOT Toukn C HEOOXiHO EPEHECTH HYJIbOBY TOUKY KO-

OpIuHAT B eKcTpeMaibHy Touky C. EkcTpeManbHi 3HaUeHHS BU3HAYAIOTH 13 YMOBH:

»_¥_¥ _
X, OX, OX,
Jlist BU3HAYCHHS ONTUMAIBHUX YMOB MPOTIKAHHS IPOIleCy rpadiTU3yodoro MoaudikyBaHHI

OTpUMaHe PiBHSIHHS APYTOMY CTYIEHS HEOOXiIHO NOCHIOWTH Ha ekcTpeMyM. s mporo iforo HeoO-
XiIHO PUBECTHU 10 KAHOHIYHOTO BUY:

r k
y-y=20Z"+ ¥ CZ
i=1 i

! J=r+l 10

Otpumane pisasiaus ¥ — Yo = 3.58Z,> + 2.50Z,% + 1.6Z;* no3Bomsie KiacudikyBaTH eKcTpeMa-
nbpHY Kpanky "C" 1 MOBEpXHIO BIATYKY.

[ToBepxHs BiATYyKy IpeAcTaBiIcHa HENOBHUM KBaApaTHUM DiBHAHHSIM. 3HaueHHS Q) 1 O, Ma-
I0Th OJIHAKOBUH 3HAK, TOMY IeHTp ¢irypu (ekcTpeManbHa kparnka C) € MIHIMyMOM 1 Ma€ KOOPAWHATH
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X:=0.33; X; =0.25; X3 = 0.47. Ha puc. 1 npeacrasieHa 1ociiKyBaHa 00J1acTh TIMOWHNA BUOITICHHS

B KJIMHOBI# mpo0i 3aJIeKHO BiJ BMICTY KalbIIifo ¥ Oapiro mpu BUTpaTi rpadiTU3yrodoro Moaudikaropa
Bix 2,9 mo 4,0 %.
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Puc. 1. Bius Ca, Ba i Butpat MmoaudikaTtopa Ha TIIHOMHY BHOICHHS BHCOKOMIITHOTO YaBYHY
a — CaiBa; 6 — Ca i Burparu; ¢ — Ba i Butpatn moaudikaropa
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3 piBHSHHS BWILTHBAE, MO BCi ()aKTOpW 3HWKYIOTh TTHOWHY BUOINEHHS B KIMHOBIiH TIPOOI.
IIpu oMy OLTBITIMIT BIUIMB BHSBIISIE BUTpaTa MoAudikaropa, ajie depe3 HeOaKaHICTh ITiIBHIICHOTO
BMICTy KpEMHIIO B 4aByHi, yMOBaMH €KCIIEpPUMEHTY BHUTpaTa Moju¢ikaropa Oyna oOMexeHa MEeXero
10 0.4 %. [IpaBa yacTiHa piBHSIHHSA SBJIsIE COOO0 MapadoIoia, MEPETHH SIKOTO MpH X3 = const, OIH3b-
ki 10 koxa. Ilpu pyci mo ocax Z, i Z, Bix Touku C ramuOuHa BUOiICHHS 301IbITy€eThCA. Bemmamna
KoedimieHTiB npu ¢akropax Z; 1 Z, MpaKTUYHO OJHAKOBA, II0 BKa3ye Ha PIBHO3HAYHY BEIHYUHY
BIUIUBY Oapilo ¥ KaJblil0o Ha BUOUICHHA y Wi o6nacTi (JaKTOPHOTO MPOCTOPY, TOMY IO iHTEpBaJIH
BapilOBaHHS NPH NPOBEJICHHI EKCIIEPUMEHTIB Oy oxHakoBi — 1 %.

Jns HaTypaslbHUX 3HA4Y€Hb 3MIHHMX OTPUMaHe PiBHIHHS perpecii MOXHa 3allMCcaTé B HACTYII-
HOMY BUTJISIL:

HBHG =21- 6X1 — 5.5)(?2 — 4.0X3 + 1.1)61 X2 + 11)(?2 X3 + 4X2 X3.

B onrumanbHOMY CKiaai rpadiTH3yI0HU0r0 MOIU(iKaTopa BMICT KaNbLil0 OiIbIIe HIX Y IiB-
TOpa pasu nepeBulye BMicT Oapito. [Ipy BUBYEHHI BIJIMBY IIMX €JIEMEHTIB Ha KiHETUKY Trpadituzamii
YaByHY IpU OXOJOMKEeHHI Oysio mokaszaHo, mo Ca BHUABISE OUIbII IHTEHCHBHUH BIUIMB IPU BHCOKHX
TeMIlepaTypax, HiX Ba, s sikoro xapakTepHo TpadiTH3yIOUrii BIUTUB MIPH €BTEKTUYHIN KpHCTaTi3a-
uii. ToMmy npu criinbHOMY BIUTHBI BHecok Ca B mporiec rpadituzaitii 6inbinuil Hix Ba i 6inpimit oro
BMICT Y MouiKaTopi.

Ha puc. 2 HaBeneHa MIKpOCTPYKTypa 3pa3KiB BHCOKOMIITHOTO YaByHY, 00po0seHoro rpaditu-
3YIOUUM MOJU(DIKATOPOM ONTUMAIBEHOTO CKIIATy, BUPI3aHUX 31 CTIHOK BUJIMBKA TOBIIMHOIO 6 1 16 MM.
CrpykTypa 4aByHY 000X 3pa3KiB MepiiTo-QepUTHA, CTPYKTYPHO-BIIbHUI IEMEHTHUT BiJCYTHIM.

Puc. 2. CtpykTypa BUCOKOMIIIHOTO YaByHY, 00pooOiieHoro 0,4 % rpaditusyodoro Mmoaudika-
TOpa ONTUMAJILHOTO CKJIaly Y BUJIMBKY 3 TOBIIMHOIO CTiHKU: @ — 6 MM, 6 — 16 MM x 200 MM

[TopiBHAHO 3 BUXITHUMH 3pa3kaMy B CTPYKTYpl YaByHY 0OpOOIEHOro rpadiTU3yI0UUM MOJIH-
(hikaTOpOM 3HAYHO 301BINY€ETHCS KiINBKICTh BKIIOYEHB IpadiTy. Y 3pa3Ky TOBIIMHOK 6 MM KUTBKICTb
BKIIIOUEHb CKJIafgae 226, y 3pa3Ky TOBHIMHOK 16 MM — 160 mT Ha MimiMeTp KBaapaTHHiA. [3 30i1b-
IIICHHSIM TOBIIWHU CTIHKW HE3HAYHO 301IBIIHMBCS 1 AiaMeTp BKIIOYEHH rpadity 3 2—6 10 3—9 MKM.
CrpykTypa 000X 3pa3kiB 4aByHy nepiito-deputHa 5 % deputy 1 95 % nepinity. BBeaenns no cxkiany
3aJ1i30-KPEMHIEBOTO CIUIABY JAJIsI BTOPUHHOTO MOJIN(IKyBaHHS BUCOKOMILIHOTO YaBYHY aKTHBHHUX €Jie-
MEHTIB JO3BOJIS€ IMIBHIIATH HOTO TpadiTH3YI0Uy 3MaTHICTh 3a PaXyHOK YTBOPCHHS MITKOIHCIIEPC-
HUX BKJIIFOUEHb, K1 CIIYTYIOTh 3apOJKaMH U1 BUIUICHD BKIFOUEHB rpadiTy. Lle mpu3BoauTh TakoX 10
pi3koro 301LMBLICHHS KITBKOCTI €BTEKTHUHHMX 3€peH 1 moApiOHeHHs rpadiTy. 3HUKY€E UyTJIUBICTD Ya-
BYHY [10 IIBUIKOCTI OXOJIOJPKEHHSI BUIIMBKIB.
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BucHosku

TakuM YWHOM, Ha TIACTaBi BHKOHAHWX OCIHIIKEHL OYJIO BCTAHOBIJICHO, IO ONTHMAIHHHIMA
BMICT KaJbILito i 6apito B rpaditu3zyrouoMy MoaudikaTtopi Ui BACOKOMIIIHOTO YaBYHY, OTPUMAHOTO
cdepoignzyroyoro o6podkoro NiMg-niraryporo, ctanoButh 4.3 % i 2.8 % BignoBigHO Npu BUTpaTi 10
0.4 %. BuxopucranHs rpadiTH3yrodoro Mmomudikaropa JaHOTO CKIAAy MpH BHUTpaTax He Oimblie
0,4 % 3abe3neuye OTpUMaHHs BHJIMBKIB 13 TOBIIMHOIO CTiHKU J0 6MM 0€3 CTPYKTYPHO BUIBHOTO Iie-
MEHTHUT 1 BUKJIIOYAE MPOBEICHHS TepMiuHOi 00poOku. g OibIl MHUPOKOTo MPaKTHYHOTO BHKOPHC-
TaHHS Pe3yNbTaTiB poOOTH HEOOXiTHO MPOBECTH MOJATKOBI OCIiKEHHS Ha BUCOKOMIITHOMY YaBYHi
OTPHUMAHOTO TIPY BUKOPUCTAHHI TSI IEPBUHHOT 00pOOKH 3aITi30-KpEeMHI-MaraieBoro Moaudikaropa.
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MODELING OF THE OPTIMUM COMPOSITION OF THE MODIFICATOR FOR
THE RECEIVING OF HIGH-QUANTITATIVE CUTTINGS WITHOUT MAKING
AND THERMAL PROCESSING

Yeremenko A.P., Kolesnik Ye.V., Sivaeva G.O., Wolf O.0.

Abstract

One of the characteristic features of high-strength cast iron is the crystallization of a metastable
system, which greatly impairs the properties of thin-walled castings of machine-building applications.
The presence of free cementite in the structure of the iron is a defective feature for most castings of
machine-building purposes, as it significantly increases hardness, which can exceed the permissible
limits and complicate the mechanical drawing of cast billets in mechanical workshops. To eliminate
this disadvantage — removal of cementite and obtaining the necessary structure of casting undergo
graphitizing heat treatment. Conducting heat treatment requires the implementation of additional
operations and equipment, production space, extends the production cycle of casting, greatly increases
the energy efficiency and cost of casting, which makes it uncompetitive in the market of products. To
eliminate these drawbacks, studies were carried out on the production of castings without structurally
free cementite in the cast state due to additional graphitizing modification.

For the prevention of crystallization with bleaching in castings, secondary modification with
ferrocylic acid FSBS5 is used. However, its use in necessary quantities is not always possible due to
restrictions on the finite content of silicon in the cast iron. To increase the graphitizing potential of
ferroalloys and to reduce its cost can be due to the introduction of graphite elements — A1, Ca, Ba, Ti.
REM These elements have a high affinity for the components of the cast iron, even at high
temperatures, and the compounds formed can be substrates for the embryos of graphite inclusion.
However, there is no clear recommendation that the content of these elements in the secondary
modifier is absent. Melting was carried out to optimize the composition of the meliorator using the
method of mathematical planning of the experiment.

In order to determine the optimal composition of the graphitizing modifier, a full factor
experiment was conducted, calculations and experiments of gradient motion and additional
experiments under the second-order orthogonal plan were made to clarify the region of the optimum.
The obtained equation allowed to classify the extreme point "C" and the surface of the response. The
surface of the response is represented by an incomplete square equation. The coefficients for variables
have the same sign, so the center of the figure, the extreme point C, is the minimum that corresponds
to the set goal. The right-hand side of the equation is a paraboloid whose intersection at X3 = const, is
close to the circle. The greater the effect is the expense of the modifier. In the optimal composition of
the graphitizing modifier, the content of calcium and barium in the graphitizing modifier for high-
strength pig iron is 4.3 % and 2.8 % respectively. In the structure of cast iron processed graphitizing
modifier significantly increases the number of graphite inclusions, decreases the diameter of
inclusions, reduces the sensitivity of pig iron to the coolness of the cooling.
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