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JOCJIIKEHHSA BIVIMBY CIPKOBOJHEBOT'O OKPUXYYBAHHA
HA CTPYKTYPY TA BJACTUBOCTI MAPI'AHIIEBOI CTAJII

I'nymxosa /I, B.l, Boauyk B. M.2
IXapKiBCLKnﬁ HA[IOHAJIbHUH aBTOMOOIJILHO-10PO:KHIN YHiBepcUTeT
ZHpI/I}IHiHPOBCLKa AepAkaBHA akajeMisi OyliBHUITBA Ta apXiTEeKTypH

Anomauia. J{ocniodceHHs npucesiueHe 8UBYEHHIO MEXAHIYHUX B1ACMUBOCTEN MAP2aHYe8oi cmaii Ma-
pru 3002, axka wupoxo 3acmoco8yemvcs OJis 6UOMOBNIEHHA MyQmosux mpyo y Haghmoeasositl npo-
mucnosocmi. Memoio pobomu 6ye amaniz enausy acpecugnoeo H>S-cepedosuwa na xapaxmepucmu-
KU MIYHOCMI ma NAACIMUYHOCME CIAi, A MAKOMC 3MIHU 8 MeXAHi3Max pyUHy8aHHsa 0 pO3poOieHHs.
pexomeHoayill wooo nidsuyerHs ii excniyamayitunoi Haoiiunocmi. Excnepumenmanvhi eunpooOysans
npogoounucs Ha spaskax cmani 30172 y 0sox cmanax: euxionomy (nicisi mepmiuHo2o 00pooienHs) ma
nicna mpusanoi eumpumku 6 HzS-cepedosuwi (720 2ooun 3a memooukoro MCKPOI-85). ¥V suxionomy
CMAaHi CMAaib MA€ BUCOKI MEXAHIYUHI Xapakmepucmuku. mexca miynocmi (op) cknanra 842 Mlla, mesica
naunnocmi (o7) — 736 Mlla, sionocue nodoesoicennst (0s) — 19,6 %, a 6ionocHe 36yxcenns (y) — 65,6 %.
L[i nokasHuku 3Hauno nepesulyyroms cmarnoapmui snavents oaa cmani 3012, wo ceiouums npo ege-
KIMUBHICMb 3aCcmoco8an020 mepmosmiynenns. llicna ennusy H>S-cepeoosuwia cnocmepicacmocs He-
3HAUHE 3HUJICEHHS Xapakmepucmuk miynocmi (na 2—3%), wo éxazye Ha cmiukicms cmaii 00 de2pa-
oayii MiyHocmi 6 azpecusHux ymosax. Boonouac niacmuunicms 3a3Hana Oiibl NOMIMHO20 3HUICEH-
HA: BIOHOCHe NO00BMHCEHHA ma 38yiceHHs smeHwunuca Ha 10—13 %. Hessaoicarouu Ha ye, 3HAYEHHs
RAACTMUYHOCTHI 3ATUMUTUCS 8 MedNCaxX, 00CMAamHix 07 3abe3neyents HaoiuHoi excniyamayii myghmo-
sux mpyo. Iicns enaugy HzS-cepedosuwa 6iodyscsi nepexio 00 Oinbui KPUXKO20 MUny pyuHySaHHs,
WO CYnpoBo0ANCYBABCs NOAB0I 600He8UX MpiwjuH. LI 3MiHU NO8’a3aHI 3 NPOHUKHEHHAM BOOHIO 00
MIKpOCMPYKmMYpY CMAi, Wo CRPUYUHAE JIOKATbHY KPUXKICb | 3HUdMCeHHA naacmuunocmi. Ompumani
pe3yabmamu RIOmMeepoNCyoms npudamuicmo mooughikoeanoi cmani 30172 0ns euxopucmants 6 my-
@mosux mpybax Hagmoeazoeux mpy6onpoeoodis, AKi excnayamyiomecs 6 azpecusHux H:S-
cepedosuwax. Boonouac maxi 3minu 6 niacmuyHocmi ma muni pyuHY8aHHs 6KA3YIOMb HA HeoOXiO-
HiCMb nO0AIbLWIOL onmumizayii XiMiuHo2o CKIady Cmani ma pexicumie mepmiuHo2o 0opoodrents. 30k-
pema nponoHyEMbCs PO32NAHYMU B6e0CHHS 1e2YBANbHUX e/IeMEHMIB, Wo NiOGUWYIOMb CTHILIKICTY 00
B00HEB0I KPUXKOCHI, A MAKONC 800CKOHANEHHSA MEXHON02IU MepMO0OpOOIeH A OJisl MIHIMI3ayil 6HY-
MPIWHIX Hanpydicens i depexmis mikpocmpykmypu. Lli 3axo0u cnpusmumyms nioguueHHO 0062086i4-
HOCmi ma HAOTUHOCME mMpyo Y CKIAOHUX eKCHILYaAMAyIuHUX YMOBAX.

Kntrouosi cnosa: mapeanyesa cmane 30172, mexaniyni eracmusocmi, H>S-cepedosuuse, 600Hesa kpux-
Kicmb, ppaxmoepagiunuii anaiiz, mepmiune 06poOIeHHSA, HAPMO2a308i MpybONPOBOOU.

Beryn

IIpormec TepmigHOTO OOPOOIIEHHS CIPUATIN-
BO BIUIMBAE€ Ha BJIACTHBOCTI METANIB 1 CIUIaBiB
[1-3], 1m0 103BOJIsAE 30UIBIIMTU TEPMiH TX EKC-
wryaranii [4, 5]. Ctpykrypa O6aratbox merane-
BUX MarepialliB IMmicis TepMIYHOTO 0OpOOIIEHHS
3a3Hae TpaHcdopmamii [6—8]. Ekcmuyararis
CIPKOBOJHEBMICHHX HA(TOTa30BHX POJOBHII]
BUMarae 3aCTOCYBaHHsS HACOCHO-KOMITPECOPHHX
TpyO, CTIHKUX JI0 CipKOBOJHEBOTO PO3TPICKY-
BaHHs. HUHI U1 1IbOTO 3aCTOCOBYIOTHCS IMIIOp-
THIi TpyOu, 30kpema mapok C75-2. Tepmiune
00poOJNIeHHsT CTaJel MiABHINYE eKCILTyaTaliiHi
BJIACTUBOCTI TPYOOIPOBIIHUX cTaliel, 1Mo eKc-
IUTyaTylOTbCSl B arpecMBHHUX CEpeAOoBHUILAX 13
cipkoBogHeMm (H:S). Tomy ocobmuBO akTyanb-
HUMH € BUTIPOOYBaHHS MapraHIeBUCTOI CTali 3a
Meroankoro MCKP 0 I -85 [9], sxa mepenbagae

TECTH Ha CTIHKICTh CTaJiel J0 CIPKOBOIHEBOIO
PO3TpICKyBaHHs) 32 TOCTIHHOI MIBUAKOCTI Je-
¢dopmMmariii B arpecuBHOMy cepemoBuii 3 HoS.
CipKoBOIHEBE CEpe/IOBHUIIIEC BUKJINKAE BOJIHEBE
OKpUXUYYBaHHS Ta KOpO3iiiHE PO3TPICKyBaHHS
mig Hanpyroro [10], mo mpuU3BOAUTH IO yTBO-
PEHHS TPILIMH i3 caMomogiOHO0 ((hpaKTanbHOT)
Mopouorieto [11, 12], ans BUBYEHHS SIKO1, KpiM
¢dpakTanbHOi Teopii, 3aCTOCOBYIOTBCS pi3HOMA-
HiTHI miaxomu [13—15].

VY wHamid poOOTI HABEACHO JOCIIDKEHHS
BIUIMBY arpecuBHOIO CIPKOBOJHEBOTO CEPEIO-
Bumia (H2S) Ha cTpykTypy Ta BIACTHBOCTI Map-
raamesucroi cram 30172,

Merta Ta MOCTAHOBKA 3aBJAHHSA
Mertoto poOoTH € aHaJi3 BIUIMBY arpecHBHO-
ro H.S-cepenoBuina Ha xapakTepUCTUKN MIIIHO-
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CTi Ta IUIACTUYHOCTI CTaji, a TaKOXX 3MiH y Me-
XaHi3Max pyHHYBaHHsI JUIS PO3POOJIEHHS PEKO-
MEHJalid I0M0 MiABUINEHHS ii eKCIuTyaTaiini-
HOI HaJIITHOCTI.

st TOCSITHEHHSI TOCTaBJICHOI METH HE00-
XigHO:

1 3miicHATH TepMidHe OOpOOJICHHS Mapra-
HIIEBOT CTaJi Ta MIKPOCTPYKTYpHHIA aHaIIi3 0 Ta
TICJIsl BIUTUBY CipKOBOJHEBOT'O CEPEAOBHILA;

2 peamizyBaTtu (hpakrorpadidyHuil aHaNI3 31Ma-
MiB cTai;

3 JOCHiOUTH BIUIUB CipKOBOJHEBOTO OKpPHX-
YyBaHHS Ha CTPYKTYpPYy Ta BIACTHBOCTI Mapras-
1IeBO] cTai.

Marepiaj i MeToaM J0CTiAKEHHS

KinpkicTh Maprasiio B JOCIHIKYBaHUX TPY-
0ax crtaHoBuTh He Oinbme HiX 1.4...1.8 % 3a
Macoro (Taoi. 1).

MexaniuHi BUMpPOOyBaHHS MapraHIEBHUCTOT
CTali 3AIMCHIOBAMCH 3TiAHO 31 ctanmaprom ISO
6892-1:2019 Ha 5-kpaTHHUX TO3JOBXKHIX 3pa3zkax
niameTpom 6 mm (puc. 1).

Tabmmus 1 — Ximiuauii ckimang cram 30072,
y % 3a macoro

C Si Mn Ni
0,26-0,35 | 0,17-0,37 1,4-1,8 o 0,3

S P Cr Cu
mo 0,035 mo 0,035 1m0 0,3 10 0,3

Pesynprartu aHaizy MeXaHIYHHX BJIaCTHUBO-
CTell MeTay TpyO y BUXiTHOMY CTaHi HaBelIEHi
B Tabm. 2.

3 TaOnulll BUILUIMBAE, 10 MEXaHIYHI BJIaCTH-
BOCTI TpyO 3 MapraHIeBOi CTaji BiJIOBiAIOTh
BUMoOTaM 110 TpyO 3a ctammaprom API 5L. Ma-
Tepian ycix TpyO Mae BiTHOCHO BHCOKI XapakTe-
PUCTHKH IJIACTUYHOCTI

[lepen BUMPOOYBaHHAMH Ha PO3TATYBAHHS
3pa3Kd BUTPUMYBaIUCA OpoTsiroMm 720 roauH y
HACUYCHOMY CipKOBOJHEBMICHOMY CEpPEOBHIII
3rigHo 3 Meromukoro MCKP 01-85. BumpoOy-
BaHHsI MPOBOJMIIKCS 34 MIBHIKOCTI PO3TATYBaH-
Hs 1MM/XB.
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Puc. 1. 'eomeTpnyHi XapaKTepHUCTUKH 3pa3KiB 3 MapraHIEBUCTOI CTalli JUII MEXaHIYHUX BUIIPOOYBaHb
i 9ac pO3TATYBAHHS Ta OMHC MeTOAUKH BUIPoOyBaHs MCK-01-85

Tabnums 2 — MexaHiuHI BIACTHBOCTI MaTepiany eKCIIEpUMEHTATBHIX MY(PTOBUX TPYO i3 MapraHIEBUCTOI cTali

YMOBHHIT HO- TumuacoBuii omip Meska IMHHOCTI BinHocHe BinHocHe
Mep Tpyon Uy, MIla 0., Mlla BUJIOBXKEHHSI 05 %o 3BYXKEHHS Y, %
1 838 734 20.0 66,7
2 840 730 20.5 65.8
3 835 729 21.0 67.0
4 841 735 19.5 65.0
5 845 738 19.0 65.5
6 846 740 19.0 64.9
7 850 745 18.0 64.0
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3a 3HAUCHHSAMM XapaKTEPUCTHK MaTtepiaimy ExcnepumeHTalbHI pe3yJbTaTi
y BHUXiIIHOMY CTaHi i HicCIsl BIUIMBY CipKOBOAHE- Ta iX 00roBOpeHHA
BMICHOTO CEpPEJOBHINAa PO3paXxOByBallacs iXHS Crpykrypa TpyOHOI MapraHieBoi cTani Ha-
BiTHOCHA 3MiHa 32 GOPMYJIIOI0 BeJleHa Ha puc. 2-5.
MaxkpocTpykTypa MaTepiany JOCIHiKyBa-
AiL% = e~ % 100% , Jach 3a JIOOMOTOI0 ONTHYHOTO Ta PACTPOBOIO
a, SJIEKTPOHHOTO MIKPOCKOIIIB 0111 30BHIIIHBOI Ta
BHYTpIIIHBOT TOBEPXOHb Ta B3HAOBXK CEPEAMHHU
Je a,,a, — 3Ha4€HHs OLIHIOBAHOI XapaKTepuc- TOBIIMHU CTIHKHU TPYO (puc 2 Ta puc. 4).

Crtpykrypa TpyOH 30BHIIIHBOT (puc. 4) 1 BHY-
TpimHBOI (pHC. 2, pHUC. 5) OBEPXOHb € BiIy-
INICHUM MapTCHCUTOM 1 BIITYIIEHUM HIKHIM
OeliHiTOM.

KinpkicTp BiANMymieHOTO MapTEHCUTY Ol
30BHIIIHBOI TTOBEpXHi cTaHOBUTH 80 %. Y BHYT-
pIIIHBOI MOBEPXHI Ha OKPEMHUX MAIISMHKAX CIO-
cTepiraerbes BepxHii OeitHiT (1o 10 %).

THKH JUIA MaTepialy y a. BUXIJIHOMY @, CTaHl

Ta MICJA BIUIUBY CiPKOBOJHIO.

Pesynpratn BunpoOyBaHb i po3paxyHKIiB Ha-
BefeHl B TaOn. 3. 3 Hel BHIUIMBAE, IO ITICIIS
BIUIMBY CIPKOBOJHIO TMOKA3HUKU IIACTUIHOCTI
X04 1 3HWKYIOTBCS, IPOTE 3aJUIIAIOTHCS Ha J0-
CUTH BICOKOMY PiBHI JJIs BCiX CTasielf; BOIHOYAC
XapaKTePUCTUKH MIITHOCTI 3HIKYIOTHCSI HE3HAY-
HOIO MipOI0.

Tabmuus 3 — MexaHi4Hi BIaCTHBOCTI B IIPOLIECI PO3TATYBAHHS MaTepialy eKCepUMEHTAIbHIX
My(ToBuX TpyO 3i cTani 3012 miciist BUTPUMKH 3pa3KiB 03 HAaBaHTA)KEHHS B CIPKOBOTHEBMICHOMY
cepezopuii 3a metoaukoro MCKP 0I-85

YMOBHHAI TumuacoBuit omip Mexa mmmHHOCTI Bigaocue BigaocHe
HOMeEp Tpyoun a,, MIla a., MIla BUJIOBXKEHHS 05 % 3BYXKEHHS Y, %o
1 810 705 19.0 61.5
2 815 710 18.5 60.0
3 800 699 20.0 63.0
4 820 715 17.0 58.7
5 826 722 16.5 57.0
6 831 730 15.0 55.8
7 834 735 14.0 54.9

Puc. 2. MikpocTpykTypa Matepiany MmydToBoi Tpyon Puc. 3. MikpocTpykTypa Matepiainy MydToBoi TpyoH
HKT y BHyTpimHii ctinmi, x1000 HKT 6ins 30BHIIHBOT noBepxHi, x5000

Puc. 4. MikpocTpykTypa Matepiany MmydToBoi Tpyon Puc. 5. Makpoctpykrypa Marepiany MmydroBoi Tpyon
HKT nocepeanti TOBIUHYU CTIHKH, X2500 HKT y BHyTpiniHii moBepxti, x10000
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3 BUIJAJCHHSIM Bil 30BHIMHBOT TOBEpXHI
JO CEpPEeOVHH CTiHKH 30UTBIIYETHCS KIUTBKICTh
BIJIIYIIEHOTO OCWHITY, 3'SBISIFOTBCS  JUISTHKA
BIIITYIIIEHOTO BEPXHBOTO OCHHITY, a B3OBXK MEX
3epeH yTBOPIOEThCs CiTKa epury (puc. 2;
puc. 4), BAHUKHEHHSI SIKOi MOSICHIOETHCS, MaOYTh,
HEZI0CTaTHHOIO IIBHIKICTIO OXOJIO/KEHHSI.

Penpednicts GepurHux obnacteii i 3HaYHA Ki-
JBKICTh, 30KpeMa Ha BHYTPIIIHIA TOBEpXHI TpPy-
Om, TEMHUX BHIIJIEHb, AKi, MOXKJIMBO, € KapOima-
MH, IO HEIOCTATHBO C(HOPMYBAIHCS, TO3BOISIE
NPUITYCTUTH HEMOBHUH mepedir mpoleciB Bij-
IYCKY.

MexaniuHi BIaCTHBOCTI TpyO i3 MapraHieBoi
cranmi 302 y BuXimHOMY CTaHi EMOHCTPYIOTh
BUCOKY MIIHICTh 1 TacTuuHicTh (Tabdn. 2). Lli
3HAQUCHHS MIATBEPKYIOTh BHCOKY IUIACTHY-
HICTh, BU3HAYAJbHY JJISI MapraHIEBUX CTaJCH
tuny 3012, ne mapraneus (1.4—1.8 %) mokpa-
IIy€ MIIHICTh, B'SI3KICTh 1 3BapIOBaHICTb.

Minni xapakrepuctuku 3paskiB 3002, mo
BUTpuMyBasucss 720 TOOWH Yy HAaCHYCHOMY
H.S-cepenoumi 3a merogukoro MCKP 01-85
(tabn. 3), B3HIWKYIOTbCI HE3HAYHOIO MIpOIO
(2-3 %), a mIacTHYHICTD 3HIDKYETHCA Ha

10—-13 %, ane 3anuIIAETbCS HAa BHCOKOMY PiBHi
(>14% nns monoBkeHHsT). 3HMKECHHSI TUMYACO-
BOT'O OIIOPY Gy 1 MEXi IITUHHOCTI o1 HA 2—4 % €
MiHIMaJbHUM 1 HE KPUTUYHUM sl eKCILTyaTa-
mii. Ile cBimunTh mpo rapHy cridikicts 3012 mo
nerpaganii minHocti B H2S-cepemoBumii, nonpu
il CXWJIBHICTH O BiJIYCKHOI KPHXKOCTi. 3HH-
JKEHHS BITHOCHOTO MOJIOBXKCHHS 85 Ta 3BY)KECHHS
v Ha 5-22 % CBiIYMTH NPO BOAHEBE OKPUXHEH-
Hs. H.S Bukimkae nugysiro aToMapHOTO BOTHIO
no ctpykrypu 3002, axuil HaKONMUYyeThCA Ha
nedekrax (BKIIOYEHHAX MnS, Mexax 3epeH),
3HIDKYIOUH TUIACTHYHICTh. binbllle 3HWKEHHS
TUIACTUYHOCTI Ui TpyO 3 HoMepamu 6 Ta 7 (10
22 %) Moxe BKazyBaTH Ha Bapiamii y MIKpo-
CTpyKTypi abo cxmamgi (HampwKIaj JIOKaJbHA
cerperailis MapraHiffo a00 BKJIFOUEHB ).

JocmipkeHHsT TOBEpXOHb PYHHYBaHHS 3pas3-
KiB IPOBOAMJIMChH ISl BUXIJHOTO CTaHy MaTepi-
almy W micas BUTPUMKH 3pa3KiB  MPOTATOM
720 roauH y CIpKOBOJHEBMICHOMY CEpEIOBHIIIL,
BignosigHo A0 Mertoauni MOKP 01-85, 6e3 Ha-
BAaHTAXKCHHSI.

s matepiaidy y BHXiZHOMY CTaHi 37aM €
B'SI3KO-TEH/IITHOTO THITY (pucC. 6, cToBIens I).

Puc. 6. [ToBepxHi pyliHyBaHHS BUIIPOOYBaHMX Ha pO3TATYBaHHS 3pa3kiB Marepiaimy 3i crani 3012 y BuxigHOMYy
cTaHi (puc. 6, cToBIeNb 1) i MCIS BUTPUMKH O¢3 HABAHTa)KEHHSI B CIPKOBOJTHEBMICHOMY CepeoBHIII (pHC. 0,
crosrens 2) (PEM, 1-1,2—-1-x100, 1-2, 2 1-3-x2500, 2—-3-x1000)



Bicuuk XHALRY, Bun. 110, 2025

V 1eHTpasbHIN B'sI3Kiil 30HI HasBHA 3HAYHA
KUTBKICTh JpiOHUX TPINIMH, IO BUHUKIN Ha
BKIIFOUCHHSX 1, MaOyTh, B3J0BXK MEX 3€peH.
Burpumka martepiany B CipkOBOJZHEBOMY cepe-
JTIOBHIIII MPU3BEIIa A0 TIOSBH BOTHEBUX TPIIIHH 1
3arajbHOTO OKPUXHEHHS 371aMy (pHc. 6).

OpakrorpadiuHuil aHami3 BUSIBHB IeEpeXin
BiJl B'I3KO-KPUXKOTO 3JlaMy y BHXIJIHOMY CTaHi
JIo OuThII TeHAITHOrO mmichsa mii HoS, mo moBo-
JUTh HAaKOITMYEHHS BOJHIO B CTPYKTYpI CTalli Ta
HOr0 BIUIMB HA TPIIIMHOYTBOPEHH.

3naM B'I3KO-KpUXKHUI 3 IIEHTPAJIbHOIO B's3-
KOIO 30HOI0 MICTUTH NPiOHI TPIIIMHHA HA BKIIIO-
YeHHSAX 1 MeXax 3epeH (puc. 6, croBmens I). Le
tumnoBo 111 3012 3 hepuTHO-TIEPITITHOIO CTPYK-
TypOIO: Mapraselp cTadimi3ye B'S3KICTh, aje
cynbpdinni BkmoyeHHs (MnS) Ta Mexi 3epeH €
IHIIllaTOpaMH TPIIKH.

[Micnst mii H2S 3'aBnsitoTbCs BOAHEBI TPIiITUHA
Ta 3arajJbHe OKPUX4yBaHHs 31amy (puc. 6). H.S
JIUCOLIIIOE, BUBUIBHAIOYM aTOMapHHAN BOJIEHB,
AKUH npoHukae B cranp 30[2, HakoMUYyIOUUCH
Ha Ae(eKTax i BUKJIMKAIOUU MiXK3EpHE PO3Tpic-
KyBaHHSI.

Ie miaTBEpHKY€E 3HMKESHHS TUIACTHYHOCTI Ta
301TBIICHHST KPIXKOCTI.

B H2S noripirye mikpoctpykrypy 3012,
3HW)KYIOUM CTIMKICTh O TPIIIUHOYTBOPEHHS B
arpecuBHUX CEPEIOBUIIAX.

JInst migBUINEHHS CTIHKOCTI PEKOMEHIYEThCS
neryBanHs Cr/Mo abo omnTumizoBaHe TepMOOO-
pobnenHs (Hanpukiam Bigmyck 3a 600-650°C
JUTS 3HSTTS HAIpyTH).

BucHosku

1. MexaHiuHi B1acTUBOCTI My(pTOBHX TpyO i3
MmapranmeBoi craii 302 y BuXiTHOMY cTaHi BU-
3HAYAKOTHCSI BUCOKOIO MIiIHICTIO (05~ 842 MIa,
ot = 736 Mlla) Ta rapHOIO IIACTHYHICTIO (05 ~
19.6%, y = 65.6%). Lli noKa3HUKM TEPEBULILY-
I0Th CTaHAapTHI 3HadYeHHs crajii 3002, o cBij-
YHUTh PO TEPMO3MILIHEHHS MaTepiaiy.

2. Ilicnst BUTpUMKH 3pa3KiB Y HACHYEHOMY Ci-
PKOBOIHEBOMY CEPEIOBHIII MpoTsaroM 720 roauH
3HIKEHHS MIIHOCTI CTaHOBUTEL Jjuiie 2-3 %,
0 BKa3ye Ha cTiikicTh cram 30012 o merpana-
1ii MirgHOCTI B ymMoBax HaS.

3. Haii0inpmii 3MiHM CIIOCTEPIraloThCs B TUIa-
CTHYHHMX BJIACTUBOCTSX: BIIHOCHE IMOJOBXKEHHS
Ta 3BYXEHHsS 3HWXKYIOTbCA Ha 10-13 % uepes
BOJIHEBE OKPHXYYBAaHHS W YTBOPEHHSM MiXK3e-
peHHuXx TpimmH. OQHAK HaBITH MICJS BIUIUBY
H.S mnnactuyHicTh 3aiMIIaeThCsl 3aA0BUTBHOIO
Jutst excrutyatarii (6 s > 14%, y > 54%).

4. ®pakrorpadiuHuii aHaTi3 BUSIBUB TIEPEXij
BiJl B'I3KO-KPUXKOTO 3JlaMy y BHXiJHOMY CTaHi

JIO OLIBIT KPUXKOTO Micis BIumBY HeS, mro mia-
TBEP/UKYE HAKONMMYEHHS BOIHIO B CTPYKTYpi
CTalTi Ta MOTO BIUIMB Ha TPIIIMHOYTBOPEHHS.

5. 3aranom moamdikoBana crtamb 30I2 me-
MOHCTPY€ 33J0BIJIbHY CTIHKICTh J0 CipKOBOJIHE-
BOI Aii Ta MOXXe PO3TIIAAATUCS SIK MEPCIEKTHB-
HUH Martepian s HapTOra3ompoBiTHUX TPYO B
arpecuBHuX H.S-cepenosumax.

JIist i IBUIIICHHS TOBTOBIYHOCTI PEKOMEH Ty~
€THCSI TIOJAITBIIIA ONITUMI3aIlisl XIMIYHOTO CKIIaILy
Ta PEKHMIB TEPMOOOPOOICHHS (HATPHKIAT
neryBanHs Cr/Mo, nogatkoBwuii Bigmyck 3a 600—
650 °C).
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Investigation of the Impact of Hydrogen Sulfide
Embrittlement on the Microstructure and
Properties of Manganese Steel

Annotation. Statement of the problem. Heat
treatment significantly enhances the properties of
metals and alloys, thereby extending their service
life. The microstructure of many metallic materials
undergoes transformation following heat treatment.
The operation of oil and gas fields containing
hydrogen sulfide (H2S) necessitates the use of tubing
and casing pipes resistant to sulfide stress cracking.
Currently, imported pipes, such as those of grade
C75-2, are employed for this purpose. Heat treatment
of steels improves the operational properties of
pipeline steels used in aggressive H:S-containing
environments. Consequently, testing manganese steel
under the MCKP 01-85 methodology, which involves
assessing resistance to sulfide stress cracking
through constant strain rate testing in an HS-
containing aggressive environment, is particularly
relevant. The H:S environment induces hydrogen
embrittlement and stress corrosion cracking, leading
to the formation of cracks with self-similar (fractal)
morphology. To study this morphology, various ap-
proaches are employed alongside fractal theory. This
study focuses on investigating the effects of an ag-
gressive hydrogen sulfide (H:S) environment on the
microstructure and properties of manganese steel
30G2. Purpose and setting of the task. The aim of
this study is to evaluate the impact of an aggressive
H>S environment on the strength and ductility cha-
racteristics of manganese steel, as well as to analyze

changes in the fracture mechanisms to develop rec-
ommendations for enhancing its operational relia-
bility. To achieve this objective, the following tasks
must be accomplished: 1 conduct heat treatment of
manganese steel and perform microstructural analy-
sis before and after exposure to the H:S environment;
2 perform fractographic analysis of the fracture
surfaces of the steel; 3 investigate the effect of hy-
drogen embrittlement induced by the H:S environ-
ment on the microstructure and properties of manga-
nese steel. Materials and Research Methods. Expe-
rimental tests were conducted on samples of 30G2
manganese steel in two states: the initial state (after
heat treatment) and after prolonged exposure to an
H>S environment (720 hours, according to the
MCKP 01-85 methodology). In the initial state, the
steel exhibited high mechanical properties: ultimate
tensile strength (oB) of 842 MPa, yield strength (oT)
of 736 MPa, relative elongation (65) of 19.6 %, and
relative reduction in area (y) of 65.6 %. These values
significantly exceed the standard specifications for
30G2 steel, indicating the effectiveness of the applied
heat treatment. Research material and methods.
Following exposure to the H>S environment, a slight
reduction in strength characteristics (by 2—3 %) was
observed, indicating the steel's resistance to strength
degradation under aggressive conditions. However,
ductility experienced a more significant decline, with
relative elongation and reduction in area decreasing
by 10-13%. Despite this, the ductility values re-
mained within acceptable limits to ensure reliable
operation of coupling pipes. After exposure to the
H:S environment, a transition to a more brittle frac-
ture behavior was noted, accompanied by the forma-
tion of hydrogen-induced cracks. These changes are
attributed to hydrogen penetration into the steel’s
microstructure, which causes localized embrittlement
and reduced ductility.

The obtained results confirm the suitability of the
modified 30G2 steel for use in coupling pipes for oil
and gas pipelines operating in aggressive HS envi-
ronments. However, the observed changes in ductility
and fracture behavior highlight the need for further
optimization of the steel’s chemical composition and
heat treatment regimes. Specifically, it is recom-
mended to consider the addition of alloying elements
to enhance resistance to hydrogen embrittlement and
to improve heat treatment technologies to minimize
internal stresses and microstructural defects. These
measures will contribute to enhancing the durability
and reliability of pipes under challenging operation-
al conditions. Conclusions. 1 The mechanical prop-
erties of coupling pipes made from 30G2 manganese
steel in the initial state are characterized by high
strength (op =~ 842 MPa, or = 736 MPa) and good
ductility (05 = 19.6%, y = 65.6%). These values ex-
ceed the standard specifications for 30G2 steel, indi-
cating effective heat strengthening of the material.
2 After exposure of the samples to a hydrogen sulfide
(H2S)-saturated environment for 720 hours, the re-
duction in strength is minimal, at only 2-3 %, de-
monstrating the resistance of 30G2 steel to strength
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degradation under H>S conditions. 3 The most signif-
icant changes are observed in the ductility proper-
ties: relative elongation and reduction in area de-
crease by 10—13 %, which is associated with hydro-
gen embrittlement and the formation of intergranular
cracks. However, even after H:S exposure, the ductil-
ity remains satisfactory for operational purposes
(0s > 14 %, w > 54 %). 4 Fractographic analysis
revealed a transition from ductile-brittle fracture in
the initial state to a more brittle fracture after H:S
exposure, confirming the accumulation of hydrogen
in the steel’s microstructure and its influence on
crack formation. 5 Overall, the modified 30G2 steel
exhibits satisfactory resistance to H.S-induced effects
and can be considered a promising material for oil
and gas pipelines operating in aggressive H.S envi-
ronments. To enhance durability, further optimiza-
tion of the chemical composition and heat treatment
regimes is recommended (e.g., alloying with Cr/Mo,
additional tempering at 600—-650 °C).

Key words: manganese steel 30G2, mechanical
properties, H:S environment, hydrogen embrittle-
ment, fractographic analysis, heat treatment, oil and
gas pipelines.
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