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B cratse paccmaTpuBaeTcs Ipolece YIpOYHEHUs IOBEPXHOCTH OTIMBOK METOAOM MOBEPXHOCTHOTO JIETHPOBaHUS
NpH JIUThE 10 TazuduumpyembiM MonesiM. [porece suths 1o razudunupyemseiM MoaensM (JI'M nponecc) 6but 3a-
naredToBaH B CIIIA B 1958 romy 1 OBICTPO MOXYyYHII IPU3HAHUE 32 CBOM MHOTOYHCIICHHBIC IIPEUMYIIIECTBA, TAKHE KaK
HH3Kasi CTONMOCTb, BBICOKasi TOYHOCTh OTJIMBOK, HU3Kasl TPYAOEMKOCTh M 9KoJIormdeckas 6esonacHocts. JII'M no3Bo-
JSI€T MOJTy9aTh OTAMBKH Pa3IMYHBIX PAa3MEPOB U U3 PA3IMYHBIX CIUIABOB C BEICOKOM Pa3sMEPHON TOUHOCTBIO.

OJIHI/IM n3 JICTKOOCYIIECTBUMBIX MEPCIICKTUBHBIX METOAOB IOBBIIMICHUA KOHKypeHTOCHOCO6HOCTI/I mponecca
JII'M sBasieTcs IMMPpONU3BOACTBO apMHUPOBAHHBIX, 6I/IM€TaJ'IJ'II/I’-IeCKI/IX 1 MMOBEPXHOCTHO-JICTUPOBAHHBIX OTJIMBOK.

UccnenoBanus, nposeneHHsie crennanuctaMmu Boarl TV, nokasany, 4To NOBEPXHOCTHOE JIETUPOBAHUE MO3BO-
JS€T YCTPAHHUTh TOPAYUE TPEIIUHBI, YBEIHYUTh KOHCTPYKIIMOHHYIO IIPOYHOCTD, TBEPAOCTb U U3HOCOCTOMKOCTB, 1O~
BBICUTH KOPPO3HOHHYIO CTOWKOCTh M YJIyUIIUTh aHTH()PHKINOHHBIE CBOWCTBA OTIMBOK. BbuTH paspaboTaHsl U nc-
IBITAHBl Pa3IHYHbIE JIETHPYIOLINE COCTABbI, HAHOCHMBIE HAa MOBEPXHOCTH MEHOMOIHUCTUPOIOBBIX MOJAEIEH, BKIIIO-
yasi peppomMaprasel], HUKeJIb-MEHbIE IIOPOLIKH U KapOuJl Bobhpama.

PCSyHLTaTLI MUKPOCTPYKTYPHBIX HCCHeZLOBaHI/Iﬁ ToKasaJji, 4TO JIETUPOBAHHBIC CJION Ha CTAJIBHBIX U YyTI'YHHBIX
OTJIMBKaX 00JalaloT BBICOKOHM TBEPIOCTHIO, M3HOCOCTOWKOCTBIO U KOPPO3HMOHHOI cTOiKOCTBIO. Takum o0Opazom,
JII'M mpomecc ¢ BakyyMHpOBaHHEM ()OPMBI M TIOBEPXHOCTHBIM JIETHPOBAHHEM IO3BOJISIET IIOJNy4YaTh OTJIUBKH
C YIy4YIIEHHBIMU (YHKIIMOHAIBHBIMHU XapaKTEPUCTUKAMM, YTO OTKPHIBAET HOBBIC BO3MOXHOCTH U MPUMEHCHHS
STON TEXHOJIOTUU B IUTEHHOM INPOHU3BOJCTBE.

Kntouegvie crosa: muthe 1o razupuUIUPyEeMbIM MOJIEIISIM, TOBEPXHOCTHOE JIETHPOBAaHUE, YIPOYHEHHE OTIIHBOK,
M3HOCOCTOMKOCTh, KOPPO3UOHHAS! CTOWKOCTbh, TIEHOIIOJIUCTHPOJIOBBIE MOJEH, (PYHKIMOHAIBHBIE MOKPBITHS

D. Yu. Grebnev, N. 1. Gabelchenko, E. Yu. Karpova, R. V. Salfetnikov

STRENGTHENING THE SURFACE OF CASTINGS
DURING LOST FOAM CASTING PROCESS

Volgograd State Technical University

The article examines the process of surface hardening of castings through surface alloying in lost foam casting.
The lost foam casting (LFC) process was patented in the USA in 1958 and quickly gained recognition for its numer-
ous advantages, including low cost, high casting precision, low labor intensity, and environmental safety. LFC ena-
bles production of castings in various sizes and alloys with high dimensional accuracy.

One of the most readily implementable and promising methods to enhance the competitiveness of the LFC pro-
cess is the production of reinforced, bimetallic, and surface-alloyed castings.

Research conducted by specialists at Volgograd State Technical University has demonstrated that surface alloy-
ing can eliminate hot cracks, increase structural strength, hardness and wear resistance, improve corrosion re-
sistance, and enhance anti-friction properties of castings. Various alloying compositions have been developed and
tested for application on polystyrene pattern surfaces, including ferromanganese, nickel-copper powders, and tung-
sten carbide.

Microstructural analysis results have shown that alloyed layers on steel and cast iron castings possess high
hardness, wear resistance, and corrosion resistance. Thus, the LFC process with mold vacuuming and surface alloy-
ing enables production of castings with improved functional characteristics, opening new possibilities for applying
this technology in foundry production.

Keywords: lost foam casting, surface alloying, strengthening of castings, wear resistance, corrosion resistance,
polystyrene patterns, functional coatings

BBenenne — HM3KHE 3aTpaTbl Ha MaTepuabl, 000pyaoBa-
IIporecc MUThHS 10 Ta3UPUITUPYEMBIM MOJICTIIM ~ HUE, OCHACTKY M OPraHU3alUI0 IIPOU3BOJICTBA;
(JI'M mnpomnecc) 3anarentoBan B CLIA B 1958 ro- — BBICOKYIO TOYHOCTEH OTJIMBOK, COIIOCTaBUMYIO
ny. JIuTeimuku cpasy OLEHWIM MHOTOYMCIIEHHbIE € JIUTBHEM I10 BBIIUIABIIICMBIM MOACIIAM;
npeumMyuiecTsa npouecca JII'M: — HU3KYIO TPYJOEMKOCT;
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— 9KOJIOTUYECKYI0 O€30MacHOCTb.

JII'M nponieccoM BO3MOXHO MOIYYEHUE OTIH-
BOK BECOM OT HECKOJBKHX I'paMM J0 HECKOJIBKHX
TOHH C BBICOKOH pa3MEpHOW TOYHOCTHIO U3 pa3-
JINYHBIX CIUIABOB.

Texuomornueckuit npouecc JII'M mocTossHHO
COBEpIICHCTBYETCA. [J1aBHBIE NOCTHXKEHMS yue-
HBIX W TEXHOJIOTOB B COBEPLICHCTBOBAHUM IIPO-
necca:

— CO3JaHHe TEHOIMOJUCTHPOIa HU3KOW IUIOT-
HOCTH U, COOTBETCTBEHHO, HU3KOH ra30TBOPHOCTH
CHEMAJIBbHO JUIsI KCIIOJIB30BaHUS B JIUTEHHOM
MIPOM3BOJICTBE;

— TIpUMEHEHHE IIpolecca BaKyyMHPOBAHUS
¢dhopm ans JII'M mporiecca.

OcHoBHbIe ycoBepuieHcTBoBaHuA JII'M mpo-
Lecca NpUXOAATCs Ha KOHel mpouuioro Beka. On-
HUM U3 JIETKO OCYIIECTBHUMBIX U MEPCIEKTUBHBIX
METOZOM TOBBIIIEHUS KOHKYPEHTOCIIOCOOHOCTH
npouecca JII'M sBnsercs NpoOU3BOACTBO apMHUPO-
BaHHBIX, OMMETAIIIMYECKUX W TOBEPXHOCTHO Jie-
TUPOBaHHBIX OTIUBOK.

[loryuenne KkadeCTBEHHBIX KOMITO3UIIMOHHBIX
orimBok JII'M mpomeccom obecrieunBaercsi clie-
JOYIOUIMMHU (PaKTOpaMH:

— HCIOJIB30BaHUEM CYXOIO ITeCKa ¢ HU3KOM Te-
IJIonepeaaveii;

— BOCCTAHOBHTEJIBHOH aTMOC(epoii B hopme;

— 0COOCHHOCTSIMH JIBUKEHUSI Ta30BBIX TOTOKOB
B TIOJIOCTH JIUTEHHOH (HOpPMBI.

B paborax, npoBeneHHBIX CHIEIUATNCTAMH JIH-
teitHo# kadenps! Bonr['TY, [1-23] 6butn nomyue-
HbI YHUKAJIbHbBIE PE3yJIbTaThl MO MOBEPXHOCTHOMY
JIETUPOBAHHIO  JKEIIE30-yTIEPOAUCTEIX  OTJIMBOK

B JIMTEHHBIX (hopMax W3 Pa3IUYHBIX MaTEepPHUaNOB.
[ToBepXHOCTHBIM JIETUPOBAHUEM JOCTUTHYTHI Clle-
JYIOIIUE Pe3yNIbTaThl:

1. YcTpaHeHue ropsiuux TPEeIMH Ha CTaJbHBIX
OTJIMBKaX.

2. 3HaYUTENBHOE YBEJIMYEHUE KOHCTPYKLHOH-
HOM NMPOYHOCTH YYTYHHBIX OTJIMBOK M OTJIMBOK U3
YIJIEPOIUCTBIX CTaNCH.

3. IloBbIlIEHHE TBEPIOCTH MOBEPXHOCTH U, CO-
OTBETCTBEHHO, N3HOCOCTOMKOCTH OTIUBOK.

4. YBenudeHne KOppO3NOHHOW CTOMKOCTH.

5. OHOBpEMEHHOE MOBBILIEHHNE KOPPO3UOH-
HOM CTOMKOCTH U U3HOCOCTOMKOCTH.

6. IlonHoe ycTpaHeHue npurapa.

7. TloBblmeHre aHTH(QPUKIMOHHBIX CBOWCTB
B IIOBEPXHOCTH OTIIMBOK.

8. CHmWXKeHHEe TBEPLOCTH MOBEPXHOCTH H, CO-
OTBETCTBEHHO, IOBBIIICHUE MEXaHUYSCKOW 00pa-
0aThIBAEMOCTH OTIIMBOK.

9. CHIXEHNE «KPOMOYHOTO» O0TOENIa B MEJIKHX
YYTYHHBIX OTJIMBKaXx.

MeToauka uccjaeg0BaAHUSA

Paboroii mo amanTanuu JOCTUTHYTHIX PaHHEE
TIOJIOKUTENBHBIX PE3YNIbTATOB 10 MOBEPXHOCTHO-
My JIETHPOBAaHHUIO OTJIMBOK K YCJIOBUSM JIUTHS 10
ra3uuUIUpyeMbIM MOJCIISAM TPEIyCMaTPUBAIOCh
HaHECCHHE TOPOIIKOBBIX JICTHPYIOIIUX KOMIIO3H-
WA Ha TIOBEPXHOCTH TEHOIOJIUCTHPOIIOBBIX MO-
neneit (puc. 1), cymika JErHpyIONUX COCTaBOB,
MOJIyUEHHUE JIMTEHHBIX (OpM, 3auBKa QOpM Kese-
30yTJIEPOIUCTHIMU CIUTABAMHU, OYUCTKY MPOOHBIX
OTIIMBOK W M3TOTOBIIEHHE OOpa3lOB I METaIJIO-
rpadUYECKUX UCCIIC0OBAHUH.

Puc. 1. [leHononucTuponoBsie MOJEIH ¢ HAHECEHHBIMU Ha HUX TOBEPXHOCTHO-JIETUPYIOLIMMHU COCTaBaMMU:
1 — dpeppomaprasner cpenneyriepoauctsiii ®Mu88; 2 — mopomok mapku [1I'C-27; 3 — nopomurok mapku [II'TOHO1;
4 — peppomapraner Beicokoyriiepoauctbiii ®Mu78; 5 — mopomrok Hukenb-menubiii HITY-3;
6 — IIOPOLIOK HUKEIb-MeIHEIN + 15 % rpadura; 7 — ctpyka 6pon3s! Mapku bpdiK94;
8 — mopomok Hukenb-Menusli + [II'C-27 (3540 %); 9 — nopomok HUKeNb-MeHbIH + Kapoun Bonbdpama (40 %)
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B kaudecTBe CBSByIOIIETO ISl JIETHPYIOLIMX
IIOPOLIKOB HCIIOJIb30BATIOCH JKUIKOE CTEKJIO, MO-
JUQUIMPOBAHHOE JIsl TOBBIIICHUS (DIIOCYIOIINX
cBOMCTB. BO3MOXHO mpuMeHeHHe APYTHX JTUTEH-
HBIX CBsi3ytomux. JluTeiiHas ¢popma H3roTaBinBa-
nachk U3 KBapieBoro mecka Mapku 2K,0;0; u xua-
KOT0 CTeKJIa B KonuuecTBe 6 %. OTBep:keHue u3-3a
Hanu4usg B (opMax IEHOIOJIUCTHPOIOBBIX MOJeE-
Jiefl OCYLIECTBISIOCh UIUTEIbHON KOHBEKTHUBHOM
Cymkoil mpu HHU3KHX Temreparypax 50-60 °C.
Bpewmst cymku ¢opm 16 wacos. ns yaanenus ra-
30B B (hOpMe HACBEPINBAJIOCH OOJIBIIOE KOIHYECT-
BO Ta300TBOSIIMX OTBEPCTHH. 3aJMBKa T'OTOBBIX
¢opm mpoBoaunack cranbio Mapku 45J1 u cepeim
yyrynom mMapku CH20.

Pe3yabTaTsl HcclieqoBaHuS

Ha cranpHON OTIMBKE MOJyYEHBI KaueCTBEH-
HBIE, JIETUPOBAHHBIE CIIOU C BBICOKOH TBEPAOCTHIO
U HU3HOCOCTOMKOCTBIO. TBEpAOCTH MOBEPXHOCTHO-
TO JISTUPOBAHHOTO CJI0S, COCTABIISET:

—III'C-27 — HRC 69-64

— yraepoaucThiii deppomapraner; MHO8 —
HRC 55-60

—III'10HO1 — HRC 40-45

MUKpOCTPYKTYpBl TOBEPXHOCTH JIETUPOBaH-
HBIX CJIOEB Ha CTaJIbHBIX SKCIIEPHUMEHTAIBHBIX OT-
JUBKAaXx MPEICTaBIICHBI Ha PHC. 2.

Howmep no3unmu cooTBETCTBYET ONpeieieHHON
nerupyoomeil komnozunuu (/ — meraan 06e3 HaHe-
CEHUS CJI09).

Puc. 2. MUKpOCTpYKTypa HOBEPXHOCTHO JIETMPOBAHHBIX CJI0EB Ha cTalbHOM oTiuBKe X 200:
2 — nerupoBaHue XpoMUCThIM nopomikoM [1I'C-27; 3 — nerupoBaHue HUKENb-XpOMHUCTBIM noporukoM [TI'TO0HO01;
4 — nerupoBanue noponikoM eppomapranna GPMu78

Ha moBepxHOCTH YyTyHHBIX OTJIIMBOK IOJydYe-
HbI Ka4eCTBEHHbIE KOPPO3HOHHOCTOWKHE, U3HOCO-
CTOlKHe, aHTH()PHUKIMOHHBIE CJIOH. TBEPAOCTb
IIOBEPXHOCTH YYTI'YHHBIX OTJIMBOK YyIaJIOCh DEry-

nmupoBaTh B npeaenax ot HB176 no HB 400—420.
MUKpOCTPYKTYPBI JIETUPOBAHHBIX CIIOEB Hpe-
CTaBJICHBI Ha pHUC. 3.
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Prc. 3. MukpocTpyKTyphl (H)YHKIMOHATHHBIX CIOECB Ha TOBEPXHOCTH YyT'YHHBIX OTIHBOK X 200:
5 — KOPPO3HOHHOCTOMKMI HUKenb-MeAHbI c1oit HB-196; 6 — anTud)puKkIuoHHbIH C10i: HUKeIb-MeaHbIi ciutag 15 % rpadur;
7 — cIIOl ¢ IOHIDKEHHOH TBepJOCTHIO I YIIyqIIeHHs. MexaHndeckoii oOpabarsiBaemMocTH. Brurouenus Menu B ctpykrype uyryna HB176;
8 — U3HOCOCTOMKHUI ICEBAOCIIIAB: HUKENb-Me/JHasI ocHOBa + nopotrok [1I'C-27 HB-350;
9 — usHOCOCTOMHKMI nceBociuaR. Hukens-meanas ocuosa + 40 % kapbuna omshpama HB420

BuiBojtnl 2. Tlpu MpOM3BOJICTBE MOBEPXHOCTHO JIETUPO-
1. Ha moOBepXHOCTM OTJIMBOK MOJNYYeHHBIX BaHHBIX OTIMBOK JII'M mpoueccom ¢ BakyymMupo-

JITM — mpoueccoM BO3MOXKHO MONYYCHHE pa3iud- — BaHUEM (POPMBI 0XKMAACTCA MOAy4EHHE (PYHKIIUO-
HBIX q)YHKIII/IOHaJII)HI)IX HOKpBITI/II?'I. HAJIBbHBIX CJIOCB IMOBBINICHHOT'O KA4YCCTBA.
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