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AHOTAL[IA Posensanymi eKono20-eKOHOMIYHI acheKmu GUKOPUCMAHHA GMOPUHHOT CUPOBUHU O BUPOOHUYMEA
amominiesux cniasie. Pospobneno ¢garoc 0na paginysanns ma yacmxoso2o moougikysanus Al-Si cnnasie, ompumanux
WIsIXOM  peyukainey. Bcmanoeneno, wo euxkopucmanns 0anozo Quiocy 003801A€ OMpuUMamu Winbhi GiONUGKU,
CRpuaAmMaUEy OpiOHOOUCNEPCHY CMPYKMypy ma HOPIGHAHO SUCOKUU DIBEHb MEXAHIYHUX 61ACTMUBOCMEN BMOPUHHO0
cunyminy AKIM?2. Ilokazano, wo po3pobnerutl (hoc € HUZLKOMOKCUYHUM NPenapamom
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npou3800cmea AnOMUHUEbIX cniasos. Paspaboman ¢aroc ons pagurupoganus u wacmuuHo2o MoOUPUYUPOBAHUs
Al-Si cnnagos, nonyuennvix nymém peyukiuneda. Ycmanoeneno, umo UCHOb308aHUe OAHHO20 @oca no3eoasem
NOMYHUMb NIOMHbIE OMAUBKU, OJNAZONPUAMHYIO MEIKOOUCHEPCHYIO CMPYKIMYPY U CPAGHUMENbHO GblCOKULL YPOBEHb
Mexanuveckux ceoticme emopuunoeo curymuna AKIM?2. Ilokazano, umo paspabomanHbvlii ¢haroc A81emcs
HU3KOMOKCUUHBIM
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LOW-TOXIC FLUX FOR TREATMENT OF AL-SI ALLOYS MADE BY
RECYCLING OF SCRAPE AND WASTE

O. SKUIBIDA
" Zaporizhzhya National Technical University, Zaporizhzhya, UKRAINE

ABSTRACT The paper is devoted to solving an important scientific, technical and ecological
problem — improving the quality of Al-Si alloys made from secondary materials. Use of scrape and waste leads to a
significant reduction of energy costs, decrease of use of non-renewable energy sources and ores compared with the
production of primary alloys, and reduces anthropogenic impact on the environment. The aim is to create a low-toxic
refining flux, which provides low gas saturation, obtaining dense defect-free castings, improving the structure and
mechanical properties of recycled aluminum alloys. Using fine-grained powders and carbonates the flux was designed.
1t consists mainly of components without class of danger or substances of the 3-4 class of danger; so it is low-toxic and
favorable from the point of safety, labour and the environment protection. In the amount near 1 % of the metal it
provides protection against oxidation and effectively refines from oxides and hydrides, positively influences on the
structure of secondary silumin AK9M2. The components of the flux helps to remove dissolved hydrogen and oxide
inclusions, reduces the sizes and favorable changes the shape of silicon- and iron-based phases. Flux treatment
provided the improvement of mechanical properties of the alloy compared with untreated condition: hardness increased
on 36%, tensile strength - 35% and relative elongation - 50%. The complex is not inferior to the effectivness of similar
common fluxes. The level of mechanical properties satisfied the requirements of JCTY 2839-94.
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Beryn
B cyuacHmx ymMoBax agrOMiHIN Ta CIUTaBH Ha
HOro OCHOBI € OJHUMH 3 HAMOLTBII 3aTpeOyBaHUX
Ta TEpCHeKTHBHUX MatepiamiB. [‘omoBHOIO

MPOOJEMOI0 PELMKIIIHTY alTIOMIHIEBUX CILIABIB €
MOPIBHSHO HHU3bKa SKICTh TOTOBOI MPOTYKIIII.
BropuHHI anfoMiHi€BI CIUTABH MarOTh IITHUPOKHIA
iHTepBaJd BMICTY OCHOBHHUX KOMIIOHEHTIB Ta
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3HAYHY KIJIBKICTB JIOMIIIIOK B cKJIami,
XapaKTepu3yloThCs MiABUIIEHOIO
razoHacuyeHicTio. BitunmsHsHa Ta 3apyOikHa
MeTalypriiiHa npakTHKa CBiq4aTh PO MOKIUBOCTI
CYTTEBOTO MiABHUILEHHS SKOCTI BTOPUHHUX CIIaBiB
1 BUKOPHCTaHHS 1X 3aMiCTh MEPBUHHUX aHAJIOTIB, a
TaKOX cTayiel Ta 4aByHiB. DmtocoBe padinyBaHHI
€ e]ekTHBHHM, TPOCTHM, TEXHOIOTIYHHM 1
CeKOHOMIYHMM METOAOM OYHILICHHS aJIOMiHIEBUX
CILIaBIB BiJ BOJHIO Ta OKCHIIB aJIFOMIHIIO, 1 HOro
MOXHA PEKOMEHIyBaTH il OOpOOKH CHITyMiHiB,
BUTOTOBJICHUX 13 BTOPHHHOI cHpOBUHH. ChOronmHi
OCHOBHOIO TPOOJIEMOIO0 € IIUPOKE BHUKOPUCTAHHSA
TOKCHUYHHUX €KOJIOTTYHO HeOe3MeuHnx
padinyBanpHEX (IIIOCIB, a TaKOX iX HHU3bKa
e eKkTUBHICTh. BimnmoBimHO, BHHWKae mOTpeda B
pozpobui  padinyBampHMX  urociB, sAki 0
3a0e3nevuyBanyd BWIYYEHHS BOAHIO Ta OKCHIIB
AFOMIHIIO TPY TUIABJICHHI, MMO3UTHBHO BILTUBAJIH
Ha BCl CTPYKTYpHI CKJIaJ0Bi CHJIYMiHiB Ha OCHOBI
BTOPHHHOI CHPOBHMHH, NOAPIOHIOIOUM YaCTHHKH
BHUIUTeHs (a3 abo 3MiHOIOYM iX Mopdooriro,

MNiABUIIYBaJIM  OJHOPIAHICTH  CTPYKTYypH 1
3abe3nevdyBanu cTabinpHi MexaHiuHi Ta
eKCIUTyaTalmiiHi ~ BIACTHBOCTI  BWJIMBKIB 32

MIHIMAJIPHOTO HETaTHBHOTO BIUIMBY Ha JIOBKLIISA,
BHPOOHWYMH TIEPCOHAN Ta HACEICHHSI.

Mera pobotu

Meroro pobotu € CTBOpEHHS
HU3BKOTOKCHYHOTO paiHyBaNIbHOTO KOMILIEKCY,
SKHA 3a0e3leuye 3HIKCHHS Ta30HACHYEHOCTI,
OTPUMAaHHS MIUIPHUX Oe3feeKTHNX BiIMBOK,
MOKpAIlEHHS ~ CTPYKTYpH  Ta  IIiJBUINCHHS
MeXaHIYHMX BJIACTMBOCTEH aJIOMIHIEBMX CIIJIaBiB,
OTPUMAaHHX MUITXOM PEIUKITIHTY.

BuknageHHst 0CHOBHOIO MaTepiany

Enexrpomitnunuit  cmocid  oTpuMaHHA
AMIOMIHIFO 3 TIMHO3eMy 3a0e3rnedye  BHXIiJ
MPOAYKIi BHUCOKOi SKOCTi, TPOTE MOB'sI3aHUN 3
HU3KOIO HEIOMIKIB: HeOe3MeYHNMHI YMOBAaMH TIparli
BHPOOHIYOTO MePCOHAIY, 3a0pyIHEHHAM
JTOBKIJIJIA, HAKOIMMYECHHIM BIIXOMIB Ta
BUYEPIYBaHHAM MPHUPOAHUX pecypciB. 30Kpema,
Ha BHUPOOHHMNTBO | T TEPBUHHOTO AIFOMIHIO
HEoO0XiTHO 3aTpaTUTH OIM3bKO
14...16 tuc. kBt'Tog enexrpoeneprii. [Ipu mpomy
B HaBKOJTUIITHE CEpelOBHIIEC  IIOTPAILIIE
3...3,5 xr CO, 11...12 xr NO,, 2...2,5 kr SO,,
2...2,5 Xr Opra”iyHHX KHCIOT, 5,5...6 Kr caxi,
6,5...7,7 kr CyHonra, 2600...2650 xr (CO+COy) Ta
IHIIMX MIKIATUBUAX pedoBHH [1], AKi € MPHYUHOIO
pyHHYBaHHS 030HOBOTO APy, KHCIOTHUX OMAJiB,
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cmory. EnekTpomiz amroMiHil0 CyNpOBOKYETHCS
BUKHUJOM TBepIuX (TopumiB [2] y BUITAAI HHITY
enexktpodineTpiB  (13...20 kr/T  amoMiHio),
nuramiB raszoounineHHs (10...13 Kr/T amoMiHi),
xBoctiB ¢uoranii ByrimeHOro muiy (10...25 xr/t
AIFOMIHIIO).

OcHOBHa 4YacTHHAa  TBEPAMX  BIOXOMIIB
HAKOMUYY€ETHCS Ha IIIaMOBHUX NOMAx. HalOinmbury
eKOJIOTTYHY HeOe3MeKy AJsl TOBKULIA CTaHOBIATH
KpiomiT, Xiomit, (GTOpHOM aTIOMIiHIIO Ta HATPIO.
Hanxomkenns B JOBKULIS — 3a0pyAHIOBAdYiB
BUKJIMKA€  CEPLEBO-CyOMHHI  3aXBOPIOBAaHHS,
MOPYILIEHHSI KpOBOOOIry, ypaXeHHS HEpBOBOI
CHCTEMH, PO3BUTOK XPOHIYHOrO OpOHXITY Ta paKy
nereHb.  OCKUIBKM  OUIBINICTH  aNIOMiHIEBUX
HiAPUEMCTB O0NIaZiHAHA JHMIIEe LUKIOHAMH, TO
rasu, fKi yTBOPIOIOTHCS, MOBHICTIO MOTPAIUISIOTh Y
HABKOJIMILIHE CEPEJOBUINE, & OYMIIECHHS BiJ MUY
He mepesuurye 90 %. Ha rpanmui canitapHo-
3aXMCHOI 30HM Ta TEPUTOpii MiANpHEMCTBa
crioctepiraerscst nepesumieHHs I'IK 3a muiom no

2..3,5 pa3iB, a 3a OKCHIOM BYIJICHIO — JIO
1,2...1,6 pasis. Ha rpanumi caniTapHO-3aXHCHOI Ta
XKHUTIOBOI 30H — TMIEPEBUIICHHS 3a IHJIOM B

1,1...1,4 pazu [3].

Meranypris amomiHito Ha 0a3i BTOpUHHOL
CHPOBUHH Ma€ HM3KYy IlepeBar B IOPIBHAHHI 3
BUKOPUCTAaHHSIM  pyaud. B mepmy  depry
MIAMPUEMCTBA, SKi  BHTOTOBIIIIOTH  BTOPHHHI
CIUIaBH, BHUKOHYIOTH  E€KOJNIOTiYHY  (DYHKIIIIO:
CIpUAIOTH  €KOHOMil  OCHOBHOI  CHPOBHUHH,
3armobiratoTh HaAMIPHOMY 3a0pYIOHEHHIO BOIOHM,
TPYHTIB Ta TOBITpsHOro OaceiiHy. BukopucranHs
JIOMY Ta BiXOIiB JO3BOJISIE BHPIMIATH MPOOIEMY
HAKOIUYIECHHS HU3bKOCOPTHOTO opyxTty,
YTHITI3yBaTH MOro Ta OTPHUMATH MaTepian, 1o
MOXeE 3aMiHUTH NEepBUHHUN aHaJor.
BukopuctaHHs BTOPHMHHUX PECYpCiB 103BOJISIE
CYTT€BO T IBUATITATH TEXHIKO-EKOHOMIUH1
MOKAa3HUKH BHPOOHUIITBA 332 PaxyHOK 3HMKEHHS
cobiBapTocTi aJFOMIHIEBUX CILTaBiB Ha
25...50 %. Tak, ansg oTpuMaHHs 1 T BTOPMHHHX
ATIOMIHIEBUX  CIUIAaBIB  BUKOPHUCTOBYETHCA B
2,4...6 pasiB meHme cupoBuHH Ta B 10...23 pasu
MEHIIIe eNIeKTpOeHepril, HiK i 1 T MepBUHHOTO
amoMiHito [4]. PenukiniHr amroMiHI€EBUX CIUIaBIiB
JTO3BOJISIE 3MEHIIMTH KalliTaldbHI BKIAJICHHS B
6...10 pa3sis.

BrpoBaxxnenus pecypco30epirarodmx
TEXHONIOTIH Ta 30UIBIIEHHS CTPOKIB CIYKOH
oOylaHaHHS TIpU3BENM 10 3HWKEHHA TEMITIB
YTBOPEHHS OpYyXTy IPH OJHOYACHOMY 301LIBITICHHI
morpebu B HOBOMY Merani. B €Bpomelicbkomy
Coro3i HHWHI BWITYCKa€Tbcs ONM3bKO 5,1 MuH. T
TIEPBUHHOTO Ta 5,2 MIJIH. T BTOPHHHOTO aJTFOMIiHIIO
Ha pik. PasoMm 3 TUM BTOpMHHa TIepepoOKa
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ANMIOMIHIIO ~ yCKJIaJHEHAa yTBOPEHHSM  MIIaKy,
yacTKa SKOro Moxke ckiaamatd 9...18 % Bim Macu
pPO3ILIABIICHOTO  alfOMiHit0. 31 30LTbIIEHHS
[IJJAKOYTBOPEHHS 3POCTAalOTh BTPATH METAIEBOTO
aMOMiHIIO (pa3oM 31 [UIAKOM Ta y BHUIJILOI
okcuay). B mmakax mictarees HiTpuay, cyasginy,
KapOimu anroMiHio, SKi 37aTHI g0 Timpomizy. B
JOUIOBY TOTOAY BOHU BHUIULIOTBCA Y BHIVIAMI
amiaKky, ameTwjieHy, NOpoMaHy Ta CipKOBOJHIO,
TOOTO pedoBHH 2...4 Ki1acy HeOe3MeKH.

ITocTiifiHe MIABUIEHHS BHUMOI [0 SKOCTI
JUTHX  3arOTOBOK  OOYMOBIIOE  HEIOCTaTHIO
eexTuBHICTD POCTOrO neperuiaBIeHHs
BTOPUHHOI ~ CUPOBHHH [5-8].  Tpanuuiiina
TEXHOJOTiA OTPUMAaHHA CHJIYMIHIB  HUISIXOM
peLUKIIHTY Tmepenbavae mepemiaB JoOMY [Mij
MOKPUBHUM (DITFOCOM 3 HAaCTYNHUM padiHyBaHHIM
po3mnaBy. AHami3 00’eMiB Ta CKJIaaiB IHIIO-
ra3oBUX  BHKHIIB, $IKIi YTBODIOIOTBCS  MpH
BHPOOHHIITBI aJIOMIHIEBHX CIUIaBIB IMMOKa3aB, IO
OCHOBHY HeOE3IEeKy B EKOJOTriYHOMY KOHTEKCTi
MaloTh IpouecH padinyBaibHOI 0OPOOKH.

B OGimpmocti BumaakiB s padiHyBaHHS
BUKOpUCTOBYIOTH ¢utocu  cucremu NaCl-KCl-
Na;AlFe, xamieBuil kpionit, ¢ropuctuil anroMiHiii,
KpeMHiH(pTOpuCTHi HaTpill Ta Kamid, QTopUCTHiA
Ta XJOPUCTUH JITiH, IO MOSCHIOE MPUCYTHICTH y
BIIXOAAIINX Ta3aX 3HAYHOI KiTBKOCT XJIOPUIIB Ta
¢TopumiB, sAki BiZHOCATBCA [0 2-TO  KJacy
HeOesmekn. ToMy HH3KY EKOJOTIYHHX MpodieMm,
SIKi BHHHKAIOTh TIPU IUIABJIEHHI Ta padiHyBaHHI,
MO)KHa YCITIITHO BUPIMIUTH TPH BUKOPHCTaHHI
HU3BKOTOKCHYHUX  padiHyBadpbHUX  (DITIOCIB.
Henockonana TEXHOJIOTis repepooKu
MMO3HAYAETHCSI HA HHU3BKIA SKOCTI BTOPHHHHX
CIUTyMiHIB. 30KpeMa, IIUPOKE BUKOPUCTAHHS
CIUyMIHIB B MammHOOymyBaHHI mependadae ix
KOHTakT 3 pI3HHMH cepenoBumamMu [9], Tomy
OKpiM 3aTpeOyBaHOTO BHCOKOT'O PIBHA MEXaHIYHUX
Ta  eKCIUTyaTamiiHWX  BJIACTHBOCTEH  CIUIABU
MTOBMHHI MaTH 1 BUCOKY KOPO3ilfHYy CTIHKICTB.

VYrpaBiiHHS MeETaNypriiHIMH  (aKTOpaMu
He nmorpedye 3HAYHMX BUTPAT, AO3BOJLIIOUU IIPH
LBOMY BILIMBATH Ha IpoLecH
CTPYKTYPOYTBOPEHHS, a, BIANOBITHO, 1 SKICTb
BI[UTMBOK 3 BHUCOKOIO e(eKkTuBHicTIO. CHIyMiHH,
BHTOTOBIIEH] 3 JIOMY Ta BiIXOZiB BHPOOHHUIITBA, €
CKJIAJTHUMHU 0araTOKOMIIOHEHTHHUMHU CHUCTEMaMHU 3
BEJTHKOIO KUTBKICTIO PO3UHMHEHHX rasis,
HEMETaJIeBUX BKpalUIeHb, HaUIMIIKOBUX (a3
KpUCTAJI3aMIMHOIO IMOXOKEHHS Ta BTOPHUHHHUX
BUJIUICHb, HEOJHOPITHOI 1 KPYITHO3EPHUCTOIO
CTPYKTYpOIO, IO, B CBOI 4epry, OOyMOBIIOE
HU3BKY SIKICTb TOTOBUX BHpOOiB. IlimBuieHHs
MEXaHIYHMX Ta TEXHOJNOTIYHUX BJIACTUBOCTEH
BTOPMHHHUX QIIOMIHIEBUX CIUIABIB JOCATAETHCS
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MEPEBaKHO IMO3AMIYHOK 00POOKOI0 PO3IIABY, IO
JIO3BOJIIE  OTPUMATH Matepial 31 CHOpUATINBOIO
CTPYKTYPOIO, & TAKOX 3MEHIIUTH BMICT BOAHIO Ta
OKCcUAIB  amoMiHilo. Meromu  padinyBaHHA
HaJIHHO 3aKpPIMMIKCS B TEXHOJOTTYHHUX Mpolecax
3aBASKM  CBOIii MPOCTOTI Ta  EKOHOMIYHIH
JOLIBHOCTI Tpu 0OpoOILi aloMiHIEBUX CILIABIiB,
BUTOTOBIIEHMX 3 JIOMy Ta BiIXOHiB, HPOTE
MiJBUIIICHHS PiBHS BUMOT JI0 SKOCTI BUJIMBKIB Ta
€KOJIOT1YHOi Oe3meKH noTpedye X yAOCKOHATEHHS.

BignoBigHO 10 MOCTaBIEHHMX 3a4ad, HaAMH
Oymo  po3pobneHo  ¢umroc  and 00poOkm
amoMiHieBUX crmiaBiB. Januii padinyBambHHI
¢moc Mae HactynHud ckmang: 25...30 % NaCl;
3...10 % S; 2,0...50 % KBFs 1,5...50 %
Na,COs; 1,5...5,0 % SrCOs; 0,5...2,0 % Tij;
0,5...0,8 % SiC; 0,2...0,5 % C; pemra AlF;. Ha
CKCIIEpUMEHTAIBHUNA  (IIIOC  OTPUMAHO TMATEHT
Vxpainu Ne 44463. JlocmimpkeHHs] TPOBOJUIN Ha
BropuHHOMYy  cmmaBi  AK9M?2  mHactymHOro
XIMIYHOT'0 CKIIay: 8,38...8,41 % Si,
1,90...1,91 % Cu; 099...1,0 % Fe;
0,83...0,84 % Zn; 0,8 % Mg; 0,26 % Mn;
0,06 % Ni; 0,05 % Ti; pemra Al. IlnaBneHHs
cunyminy AK9M2 BigOyBanoch mix mHIapoMm
crangaptHoro ¢mocy (15 % KCI; 45 % NaCl;
40 % AlF5). 3giiicHioBanu 0OpoOKy poO3MjaBy
po3pobnenuM ¢urocoM Ta MoOAU(IKaTOpoM y
kinpkocti 1,0 % Ta 0,1 % BiOmoBigHO.
Jocaimkerast CriaBy MpOBOIWIH TICIIS TEPMIdHOT
00pobkm 3a pesxumom T6.

OcobmmBicTIO CTPYKTypH CIUTyMIHIB,
OTPUMaHHUX PELUKIIHIOM, € HAasABHICTb BEJIHMKOI
KUTBKOCT1 iHTepMeTamimHux a3, [Ki BiOIrparoTh
POJH KOHIIEHTPATOPiB HAIMPYXeHb B Matepiani [10-
12]. JleryBanHs 3ami3oBMicHOI (a3u Cipkoro, fKa
Ma€ YOTHPH BAJIEHTHUX ENEKTPOHHW HAa 30BHINTHIN
eNeKTPOHHINA OOOJNIOHIN, BUKIMKAE 30UTBIICHHS
€NeKTPOHHOI TYCTHHHU, PIBHOMIPHOCTI pPO3MOILTY
€NMEeKTPOHIB Ta BTpPATy HAIPABIEHOCTI 3B’ A3KiB
MDbKaTOMHOI B3aemomii. B pe3ynmpraTi BinOyBanachk
3MiHa  XIMIYHOTO 3B’S3Ky Ha  METaJeBH
HEHANpaBIeHWH 1 KpUCTANi3allifiHI YTBOPEHHA
3amizoBMicHEX (a3  HalOyBalli  CIIPUATIMBOI
Mopdororii. 3a eheKTUBHICTIO BIUIUBY [Iisl CipKH
Ha  3ami3oBMicHI  ¢asm  HabmmKkamace 0
BHKOpHCTaHHS Ja3zepHoi 00pobku [13-15]. Cipka B
CKJIaIi ¢arocy 3a0e3mevyBaa CUJIBHUI
padiHyBaNbHUI BIUIMB Ha pO3IUIAB BHACHTIIOK
YTBOPEHHA 3HAYHOI KUTBKOCTI TapomomiOHoro
MIPOIYKTY, IHTEHCHUBHOTO 0OapOOTaky MeTanmy Ta
[OB’SI3aHOTO 3 IIMM  BUJAJEHHS  OKCHUAHUX
BKpalUleHb 1  PO3YMHEHOTO  BOAHIO 32
aAcopOIiifHNM 1 (hIoTaIiiTHIM MeXxaHi3MaMH.

Kapbonatu HaTPIIO Ta CTPOHIIiIO
IUCOIIIOIOTh 3 BUAUICHHSM BYTJIGKHCIIOTO Tasy,
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mo 3alesmeuyBalio J0AaTKOBE padiHyBaHHA
posmiaBy. Big’emHuii  i300apHO-130TepMiuHUIA
MOTeHLian peakuii yTrBopeHHS cnonyku H,S
(AGg0o o=-41,0 KJIK/MOJITB) JIO3BOJISIE
CTBEpKYBaTH, IO CipKa 3B’S3yBajia PO3UMHEHHN
BOJICHb Ta, BIiANOBIJHO, BUKJIMKAalda 3MEHILIEHHS
0aJy Ta30BOl MOPUCTOCTI y BUIHMBKAX.

VnpTpagucnepcHi  YacTHHKHU KapOimy
KpeMHifo, a Takok iHTepMmeramgiB Al;Ti, mo
YTBOPIOBAJIMCh B PO3IUIaBi, BUKOHYBAJIH POJb
JOJATKOBUX UEHTPIB KpHUCTadi3amii Ta CHpHUSIH
noapiOHeHHI0 MikpocTpykTypu. TerpadTopbopat
Kajiro 3a0e3nedyBaB OTpUMaHHA MOIU(IKOBAHUX
CTPYKTYp €BTEKTUYHOTO KpEMHIIO, a TaKOX
MiBUIIYBAaB TEPMOCTAOUTBHICTH CTPYKTYp 3a
paxyHOK TiIBUIIEHHS TeMmepaTyp (¢a3oBHX
neperBopens. Cime KBF, B3aemogie 3 amoMiniem
32 EK30TEPMIYHOIO PEAKIi€l0, SKa MPOXOTUTH 3
BIJHOBJIEHHSM OOpy Ta 3aMillleHHSIM HOro
amoMinieM B nuami. [Ipoxykramu peakuii € 6opug
Ta aJIOMIiHIA TUTaHy. AKTHUBHE IIOB’A3yBaHH:]
TUTaHy B Oopung  30uIbmIyBa’o  iforo
3aCBOIOBAHICTh Ta IMiABHIIYBANIO €(EKTUBHICTH
MPOILIECY 3apOAKOYTBOPEHHS, OCKUIBKH YaCTHHKH
B,Ti BHUCTYNAIOTh MiAKIaJUHKAMHA IS
3apomkeHHs 3epeH (Al) mpm  kpucramizaii.
CrinbHe BBeAEHHS THTaHy Ta Terpadropboparty
KajJifo 3a0e3leuyBalo MaKCUMaJIbHE 3aCBOEHHS
oopy.

®dropua  amOMIHIIO CHPUSB  3MEHILEHHIO
HaTsIry Ha Mexi momimy Metan-¢uioc  Ta
PO3YMHEHHIO IUTIBKM OKcuAy ammoMiHio. Takox
AlF; 1 S 3B’sa3yBanM [OOMIIIKM BTOPHMHHHX
aMFOMiHIEBHX CIUIaBiB B crnomyka MgF, (AGjor;
DK:-392 KI[)K/MOJ'IL) Ta MgS (AG1073 OK:-293
k/[k/Monp) BIATIOBIAHO, $Ki B TOAAIBIIOMY
BiIIUTAKOBYBAJIHCA. Bukopucranns ~ cymimi
XJIOPUIIB Ta PTOPUCTOL COIi CHPHUSIIO 301TBIICHHIO
KpalioBOro KyTa 3MOYYBaHHS, 30UIBIICHHIO
MOBEPXHEBOTO HATATY Ta 3MILHEHHIO IUTIBKH Ha
MOBEPXHI COJNBOBOIO PO3ILIABY, L0 301IbIIYBajIO
e eKTUBHICTB Mporiecy padiHyBaHHS.

MikpocTpyKTypy 3pa3KiB TicIsl TUIABICHHS
il CTaHJAPTHUM (IIFOCOM Ta TepMidHO1 00pOoOKH
3a pexxuMoM T6 (00pobxka 1), a TakoX IIaBIEHHS
i CTaHJApTHUM ¢irocom, 00poOKHu
eKCIIepIMEHTATBHIM (IIIOCOM 1 MOM(IKaTOPOM, a
TakoXX TepMigHOi 00poOku (00poOKa 2)momaHo Ha
pucynky 1. IlpoBemeHi AOCHiKeHHS MOKa3alH,
0 BUKOPUCTAHHS POo3polieHoro padiHyBaibHOTO
¢urocy TO3BOJNHIIO OTPUMATH OUTBII CIPUSTIUBY
ctpyktypy cmiaBy  AK9M2.  Cnocrepiramm
(hopmyBaHHS ApiIOHOAMCIEPCHUX Ta PIBHOMIPHO
PO3MOINIEHNX CTPYKTYPHUX CKJIQJIOBUX, 3MIiHY
dbopMH IHTEpMETaNliJ[iB Ha OCHOBI 3ami3a 3
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IUTACTUHYACTOI Ha MHOTOrpaHHy abo y BUTIIISAL
KHATaCbKUX i€pormigis.

Puc. 1 — Bnaug ¢hnrocosoi 06podku Ha
mikpocmpyxkmypy cnaagy AKIM?2 (x400):
a — obpobka 1; 6 — 0bpobka 2

JIBocTyneneBa 00poOka BTOPHHHOT'O CILUIABY
AKIM2 3abe3neunsa thopmyBaHHS
IpiOHO3EPHUCTOI CTPYKTYpH, a B 3B’S3Ky 3i
3HAYHOIO CIIAJKOBICTIO ATIOMIHIEBHX CIUIaBiB II€
JIO3BOJISIE TIOSICHUTH BUINMI pPIBEHb MEXaHIYHUX
BJIACTUBOCTEN cUIyMiHy (Tabxi. 1) mpu HacTymHUX
TEXHOJIOTTYHUX MepepoOKax.

Tabnuus 1 - Pesynbratn
eKCIIepUMEHTANBHNX JIOCTDKeHb nii ¢rocy Ha
MexaHiuHi BracTuBocTi ciasy AKIM?2

32

O6pobka HB o, MIla 3, %

1 70 220 1,2

2 95 297 1,8

JACTY 85 274 1,5
ISSN 2079.5459



OOroBopeHHs pe3yJIbTaTiB

ExcniepuMeHTanbHI TUTaBKH TMOKA3ajH, IO
OpH BHUKOPUCTaHHI po3pobieHoro ¢umocy B
MOPIBHSIHHI 3 HEOOPOOJIEHUM CTaHOM (TUTABJICHHS
miJg CcTaHAapTHUM (IFOCOM) ra3oBa IOPUCTICTH
craBy AK9M?2 3menmmnacs 1o 1 Gay, TBepAicTh
30LTBIIMIIACE Ha 25 OJWHMIG 32 IIKaiow bpinens,
MirHicTh Ha 77 Mlla, a mmacTU4HICTH 3pocia B
1,5 pasu. Takum umHOM, pO3poOIeHuil diroc
3a0e3neuyoe KOMIUIEKCHUH BIUIMB HA CHIYMiHH,
BUTOTOBJIEH] 13 BTOPUHHOI CHUPOBUHH, 3aXUIIAI0YH
pO3IUIaB Bil OKHCIIEHHS, CHPHUSIOYN BUIIYYEHHIO
OKCHUIHMX BKpAaIUIeHb Ta PO3YMHEHUX TasiB, a
TAKOX  MNOAPIOHIOIYHM  CTPYKTYPHI  CKJIaIoBi
crutaBiB.  PiBeHb  MEXaHIYHMX  BJIACTHBOCTEH
BToprHHOrO cuinyMiny AK9M2 mpu 3actocyBaHHI
ONTUMANBHOI KITBKOCTI po3pobieHoro (irocy
(1 % Bim Macu cmaBy) 3aJ0BOJBHSIB BHUMOTaM
JACTY 2839-94.

BucHoBkn

Amnaniz curyanii Ha CBITOBOMY PUHKY
KOJIbOPOBUX METAJiB CBiJUUTH IPO HEBIHUHHE
3pOCTaHHSI BHPOOHHITBA AIIOMIHIEBUX CIIJIaBiB 3
JIOMY Ta BiAXOAIB MAIIMHOOYIIBHUX HiIIPUEMCTB.
[lepepoOka BTOPHMHHOI aNIOMIHIEBOI CHPOBHHHU
TPUBOANTH 70 3HAYHOTO CKOpOYEHHS
SHEPreTHYHUX BUTpPAT Ta 3MEHIICHHS O0O0CATIB
BUKOPHCTAHHS HEIOHOBIIOBAHUX JDKEpeN eHepril
TTOPIBHSTHO 3 BUPOOHHUIITBOM TEPBUHHMX CILIABIB, a
TaKO)X  JIO3BONSIE  3MEHIIUTH  TEXHOTEHHE
HABAaHTAXEHHS Ha [JOBKULIL. YTHII3amisa Ta
BTOpUHHE BUKOPHUCTaHHS (penmKITiHT)
METAJOBIAXOMIB € OJHIEI0 3 HaWBaXJIMBIIUX
mpobiemM Cy4acHOTO MaIImHOOYAyBaHHS.
KoHKypeHTOCTIpOMOKHICTh BTOPUHHHX
ATIOMIHIEBHX CIUIaBIB MOXKE 3a0€3MeUyBaTHCh HE
JUIIEe HIDKYOK BApTICTIO, ajleé 1 BHUKOPHCTAaHHSIM
MpH iX BUPOOHUIITBI TeXHOIOT1] padiHyBaHHS.

Po3pobneno BHCOKO€() eKTUBHHA
€KOJIOTIYHO Oe3neuHuit padinyBaibHO-
MomuGikyBanpHHA  (IIOC  HHU3BKOI  BapTOCTi.

Kommuieke He mocrymaeTscsi 32 eQEeKTHBHICTIO
PO3TIOBCIOKEHUM (hmrocam AHAJIOTIYHOT O
npu3HaveHHs. [Ipy mpoMy BiH MICTUTH B CBOEMY
CKJIaJi TEepeBaXHO KOMIIOHEHTH, SKi HE MaroThb
Kiacy Hebe3mekn abo BiTHOCATHCS A0 3-4 Kiacy
HeOe3nmekr, TOOTO € HHU3BKOTOKCHYHUM Ta
CIPHUSTIMBIM B KOHTEKCTI OXOpPOHHM TIpalli Ta
HABKOIUIITHHOTO CEPEIOBUINA.
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