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AHHOmayus. CtaTba NocBsleHa aHann3y KOppO3MOHHOro noBedeHust U oueHke cTtonkocTn Xactennos G 35.
CnnaBbl (CTanu) Ha OCHOBE HUKens, codepxalime Xpom, monnbaeH, Bonbdpam, BO3MOXHO, Xene3o LWMPOKO MC-
nonb3yloTCsl B Ka4eCTBe MaTtepmnanos ANns U3roToBneHns 06opyaoBaHNsi B BbICOKOTEMMEPATYPHbIX TEXHOMOrMYe-
CKUX npoueccax ¢ NPUMeHeHNeM pacTBOPOB BbICOKO-TMIPOCKONUYECKUX FranoreHnaoB (XopuaoB) B pacnnasnieH-
HbIX ranoreHugax (xnopugax) LenoyHbix meTannoB. B npouecce akcnnyatauum obopynoBaHusi onpepensiercs
NoABEPXXEHHOCTb NMOBEPXHOCTU annapaTtoB 1 TpybonpoBoAoB Koppo3uu. B AaHHOM McnblITaHUM UCNONb30Banuch
4 o6pasua pasamepom 80%20%3 MM, U3 KOTOpbIX 2 o6pasLa NoABeprnucb NPoBOLMpPYOLLEMY HarpeBy, a 2 obpasua
nccrnefoBanucb B 06bI4YHOM COCTOSIHMM. McnbiTaHna NpoBOAUMCH B KUNSILLEM BOAHOM pacTBOPe CEPHOKMUCIIOro
OKWCHOTO Xernes3a U cepHo KUCMoTbl B TedeHne 48+0,25 4. [lanee ocMoTp M30rHyTbix 06pasLoB npoBoauscs ¢
nomMoLbto Mukpockona mapku MBC-9 c yBenuyeHnem x8. Takke npeacTaBneHbl pe3ynbTaTbl KOPPO3UOHHBIX UC-
nelTaHWin. B pesynbTaTe nccnegoBaHus paccumTaHa CKOpPOCTb KOPPO3uu cnnaea. [NpeactaBneHa MUKPOCTPYKTYpa
Xactennos. CpegHsas rnybuHa paspylleHms onpegensnacb U3 WeCcT! MakCMMarbHbIX 3HaYEHUN, BbISBIEHHbIX B
WwecTn nonsx 3peHus. Mo pesynbTataMm UccnefoBaHUin caenaHbl COOTBETCTBYOLME BbIBOAbI.
Knrouyesnble cnoea: kopposus, Xactennon G 35, npoBoumpyowuin Harpes, MexkpuctannutHasa kopposus (MKK),
CKOPOCTb KOPPO3UW.
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Abstract. The article is devoted to the analysis of corrosion behavior and assessment of the resistance of
Hastelloy G 35. Nickel-based alloys (steels) containing chromium, molybdenum, tungsten, possibly iron are
widely used as materials for the manufacture of equipment in high-temperature technological processes using
solutions of highly hygroscopic halides (chlorides) in molten halides (chlorides) of alkali metals. During the
operation of the equipment, the instability of the surface of apparatus and pipelines to corrosion is determined.
In this test, 4 samples of 80x20x3 mm were used, of which 2 samples were subjected to provoking heating, and
2 samples were examined in their normal state. Our tests were carried out in a boiling aqueous solution of iron
sulfate and sulfuric acid for 48 + 0.25 h. Further, the bent samples were examined using an MBS-9 microscope
with a magnification of x8. The results of corrosion tests are also presented. As a result of the study, the rate of
penetration of corrosion of the alloy was calculated. Hastelloy microstructure is presented. The average depth
of destruction was determined from the six maximum values detected in six fields of view. According to the
research results, the corresponding conclusions were made.
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BBepeHue

[aHHble ncnblTaHUs NOKasbIBalOT, YTO Mpu
npouecce akcnnyatauun obopyaoBaHus 06-
Hapy>XeHa MoBpeXOeHHOCTb NOBEPXHOCTU arl-
napaToB 1 Tpy6onpoBoAoB B pe3yrnbTaTe Kop-
po3uun. Cnnae Xactennon G 35 ucnonb3yeTtca
ONA N3roToBNEHWUs annapaTypbl, NpUMeHsie-
MOW B TEXHOSOMMU MOSTyYEeHUs1 YUCTOro LIPKO-
HWS OYUCTKOW OT racpHMsA B XriopantoMMHaTHOM
pacnnase [1, 2].

NMpoBeneHue ucnbITaHUA

BbinonHsanm ot6op 06pasuoB Anst UCNbITaHWN,
onpeaensann nx pasvepbl, NPOBOAUIIN MEXaHN-
yeckyto 06paboTky M NOAroTOBKY MOBEPXHOCTU
cornacHo metoguke [3]. CylHOCTb MCMbITaHWUs
3akno4aeTcs B Bblaepkke obpasuoB cnnasa B
KMNsiLLeM BOOHOM pacTBOpE CEPHOKUCIOro Xe-
nesa OKWCHOrO B CEPHOMN KUCMOTEe C MacCOBOW
ponen 30 % nnotHocTblo 1,219 r/cm®. MNpoaon-
XMTENbHOCTb UCMbITAHWN B KMNSALWEM pacTBope
(48+0,25) 4

B ncnbitaHnn mncnonb3oBanuck 4 obpasua
pasmepom 80x20x3 MM, U3 KoTopbix 2 obpas-
La noaBeprnvMcb MNPOBOLMPYIOLLEMY Harpesy,
a 2 obpasua nccnegoBanucb B 0ObIYHOM CO-
cTosHuW. TemnepaTtypa NpoBOLMPYIOLLEro Ha-
rpesa coctaBngana (800+10) °C c Bblgep>KKon
B Neyu nocrie ycTaHoBMEeHMs 3a4aHHON TeMne-
patypbl B TedeHme 30 MVH. 1 C OxnaxgeHnem
Ha Bo3ayxe. OueHka pe3ynbTaToB UCMbITAHWUIA
0o6pa3suoB cnnaea BbINOfHANack MmeTannorpa-
PUYECKUM U TpaBUMETPUYECKUM MeTodamu,
a Takke metogom narnba. OCMOTP U3OTHYTbIX
06pasLoB NPOBOAUIICA C MOMOLLBIO MUKPOCKO-
na mapkn MBC-9 c ysenuyeHmem x8.

Hannune wn rnybuHa MexXKpucTaniamTHON
KOppO3un ycTaHaBNMBanMCb Ha NpoOTpaBreH-
HbIX wWnngax npu yeenuyeHun ot x200 go
x800. Wnnd npocmaTtpmBancs ¢ AByX CTOPOH
no TonwuHe obpasua, npoweawero Kopposu-
OHHble ucnbiTaHusa. CpegHas rnybvHa paspy-
LeHNa onpegensanacb U3 LWeCTU Makcumarb-
HbIX 3HAYeHWW, BbISBMEHHbIX B LUECTU MONAX
3peHnsi. 3TN NOMs 3PEeHUsA BKIHOYaNM y4acTku
C HaubonbLien rnybrHON MEXKPUCTanIMTHON
koppo3auen (MKK).
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CeugetenbctBoM ckrnoHHocTn Kk MKK npu
MeTannorpadnuy4eckoMm KOHTporfe sBnsieTcd
paspyLueHne rpaHunL, 3epeH Ha rnybuHy bonee
30 MKM.

PesynbTaTbl KOPPO3MOHHLIX UCTIbITAHUI Xa-
ctennosa G 35 B 006bIMHOM COCTOSIHUW Ha CTOM-
kocTb npotus MKK npuBegeHbl B mabn. 1, a
Ha puc. 1-3 nokasaHbl BHELLHWI B1O 00pa3LoB

Pwuc. 1. BHewHui Bug o6pasuoB A0 ucnbITaHUn

Fig. 1. Appearance of samples before testing

Puc. 2. BHewHui BUA o6pa3uos ¢ npoBoOLU-
pyrowmm HarpeBowm (a, b) n B 06bI4HOM cocTO-
AAHUM (c, d) nocne ucnbITaHUM Ha CTONKOCTb
npotns MKK

Fig. 2. Appearance of samples with provoking
heating (a, b) and in normal state (c, d)
after tests for resistance to intergranular
corrosion
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Puc. 3. BHewHun Bug o6pasuoB, uccnego-
BaHHbIX MeTOAOM M3ruba, c NPOBOLMPYHOLLUM
HarpeBoM (a, b) u B 06b14HOM cocTosiHMM (c, d)
nocre UcnbiTaHM Ha cTorkocTb npoTuB MKK

Fig. 3. Appearance of samples with provoking
heating (a, b) and in normal state (c, d) after
tests for resistance against intergranularity

studied by the bending method

Ta6bnuua 1. PeaynbTaTthl KOPPO3UOHHLIX UcnbiTaHun Xactennos G 35 Ha ctomkocTb npotuB MKK

Table 1. Results of corrosion tests of Hastelloy G 35 for resistance to intergranular corrosion

PesynbTathl ucnbitaHui / Test results
MpoBoLy MeTannorpacuye- CkopocTb
CIOTE TepM006paéoTKa MeTopn CKMI MeTon, rnybumHa Koppo3sun,
/ Alloy / Provoking heat n3rnoda NopaKeHUM, MKM Mm/rop,
e / Bending / Metallographic / Corrosion
method method, depth of penetration rate,
lesions, microns mm/year
Xactennon G 35 + - Het 0,947
/ Hastelloy G 35 _ - HeT 0,949
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Puc. 4. MukpocTpyKTypa obpasua MeTasnna ¢ NpoBOLUPYIOLWUM HarpeBoOM Mocrie UcnbiTaHUn
Ha cTtorkocTb npoTuB MKK: 1, 2 — cTpykTypa OCHOBHOro MetasJsa no Kpasam oo6pasua, CTpykTtypa
aycTeHuUTHas, 3epHo Ne 6; 3epHorpaHuyHble BbiNnageHUsa KapouaoB B Buae pasopBaHHOM CETKM,

KOPPO3UOHHbLIX MOPaXXeHUn HeT; 3, 4 — CTPYKTypa OCHOBHOIoO MeTasna B LeHTpe obpasua, cko-
pocTb kKoppo3uu 0,947 mm/rog

Fig. 4. Microstructure of the metal sample with provoking heating after tests for resistance to
intergranular corrosion: 1, 2 — the structure of the basic metal at the edges of the sample, the
structure is austenitic, grain No. 6; grain-boundary precipitation of carbides in the form of a
broken mesh, there is no depth of corrosion damage; 3, 4 — the structure of the basic metal in the
center of the sample, the corrosion penetration rate is 0,947 mm/year
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Puc. 5. MukpocTpyKkTypa MeTanna oopasua B 06bIYHOM COCTOAAHUM UCNbITaHUA Ha CTOMKOCTb
npotuB MKK: 1, 2 — cTpyKkTypa OCHOBHOro MeTassia no Kpasm obpasua; CTPyKTypa ayCTeHUTHas,
3epHo Ne 6, 3epHOrpaHuYHbIX BbiNageHUn KapomuaoB HeT; 3, 4 — CTPYKTypa OCHOBHOIO MeTanna B
LeHTpe obpasua, ckopocTb koppo3uu 0,949 mm/rog

Fig. 5. Microstructure of the metal sample in the usual state of tests for resistance to intergranular
corrosion: 1, 2 — the structure of the basic metal at the edges of the sample; austenitic structure,
grain No. 6, there is no grain-boundary precipitation of carbides; 3, 4 — the structure of the base
metal in the center of the sample, the corrosion penetration rate is 0,949 mm/year

nocrne NpoBOLMPYIOLLIEro Harpeea 4o v nocre
ucnbliTaHMn Ha crtomkocTb npotme MKK. Ha
puc. 4 n 5 nokaszaHbl MUKPOCTPYKTYypbl MeTar-
na obpasuoB nocre MUcnbiTaHUM Ha CTOMKOCTb
npoTtue MKK [4].

BbiBoabl

N3 mabn. 1 cnegyeT, 4To Npu ouEHKe pe-
3yNbTaTOB UCMbITAHWUIA Kak MeToaoM mn3rnba,
Tak n metannorpadgpuyeckum metogom 06-
pasubl 13 cnnaea Xactennon G 35 nocne
NPOBOLMPYIOLLEro HarpeBa okasanucb CTOM-
kumn npotme MKK, a ckopocTb KOppo3um co-
ctasuna 0,947 mm/rog.

O6pasubl cnnaesa Xactennon G 35 B
06blYHOM cocTosaHuM (6e3 npoBouMpyloLLe-
ro Harpesa) Mocfe MCNbITaHUn Bbinn Takxke
ctorknumm npotme MKK npu mncnbiTaHnax kak
MeToaoM wm3rnba, Tak u metannorpadpuye-
CKUM MeTOAOM (KOPPO3NOHHbIX MOpaKeHun
oT MKK HeT). CkopocTb koppo3nn obpasLos
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coctaBuna 0,949 mm/roa, NnoBepxHOCTb 06-
pas3uoB nocrne ucnbiTaHU ocTanacb bnecrs-
LLlen, criegoB KOPpPO3UM Ha MOBEPXHOCTU He
Habnoganock. Mpy 3TOM CKOPOCTU KOPPO3UK
Ha obpasuax ¢ NPOBOLMPYIOLLNM HarpeBoM U
6e3 Hero npakTuyeckn Obinn paBHbIMU — CO-
otBeTcTBeHHO 0,947 mm/roa n 0,949 mm/roa.
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B moHorpacumn obobuieHbl nutepatyp-
Hble AaHHble U pe3ynbTaTbl MHOrONeT-
HUX UCCnegoBaHWA, BbIMOSTHEHHbIX MO,
PYyKOBOACTBOM aBTOpPOB MO BOMNpocam
NHrMOMpPOBaHMS  KOpPPO3UW  yrnepoau-
CTOW CTanu B CEPOBOAOPOAHbIX U yrne-
KMCNOTHbIX cpeaax. 3HaunTenbHoe BHU-
MaHve yaeneHo pa3paboTke KpuTepues
3aWNTHON 3(PPEKTUBHOCTU UHIMOUTO-
poB, OCOBEHHOCTAM KMHETUKM U Mexa-

HU3Ma paspyLueHuns ctanu B npucytcteum H,S n CO, B cnabokncrbix 1 6nn3Knx K HeNTpansHbIM
MWHepanu3oBaHHbIM cpegam. AHanusmpyeTtcs aencteve 60MnbLoro Konmyectsa NPOMbILLIIEH-
HbIX UHIMBUTOPOB U NabopaTopHbix 06pasLOB, B TOM YMCMEe HA OCHOBE MMWAA30SIMHOB, anu-
daTMyecKkux, LMKIIMYECKUX U OKCUITUNMPOBAHHbBIX aMWHOB. PaccmatpmBaeTcd MX 3alluTHas
9(pPEKTUBHOCTb, BNUSIHUE HA KMHETUKY ANEKTPOAHbIX peakuuin, GakrepuungHble CBOWCTBA, U
NHTerpanbHasi TOKCMKOSOrMyeckas xapakTepucTuka, TOpMOoXeHne TeeppodasHonm Ouddysuum
BOAOPOA U BO3AENCTBUE HA COXPAHAEMOCTb MEXaHNYECKNX CBONCTB CTanu B CEPOBOOPOAHbIX
W YIMEKUCNOTHBIX cpeaax v npu coBMecTHom npucytcteum H.S n CO.,,



