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Haseoeno pesynomamu komnnexcuux 00cniodxcensv 3pasKie nepeouacHo 3pyuHo8aHux
naponepezpisuux mpy6 posmipom 57%x4 mm 3i cmani STBA 22, 6 xomni gpabpuxu «Singburi
Sugar Co, Ltdy (Tainano). Tpyéu eucomoeneni TOB «IHTEPITAHII HIKO ThIOE» (Vkpaina)
3a cmanoapmom JIS G 3462 (HAnowmis) i spyunyeanucs 3a KOpOmKuil mMepmiH exchiyamayii
~ 240 eooun. Bcmanosneno, wo mpybu excniyamyeanucs 3 NOPYULEHHAMU DENCUM) 2OPIHHS
nanusa i yupkynayii mennonocis. XapaxmepHi ocobnueocmi excniyamayii NOWKoO(CeHux mpyo -
BUCOKI Menno8i HABAHMANCEHHSL 31 CIOPOHU MONKU | obMedicen sl (a0 i0cymHicmy) yupKynayii
mennoHocis (3akynopka 2ubie, konekmopis ma inwe). B npoyeci excnnyamayii mpybu niooasanucs
MaKoXC 6NIUGY 3HAUHUX MEPMIYHUX GIOPAYINHUX HANPYJICeHb (HecmabiibHUll PedXiCUM 2OpPIHHS).
Yepes nopyuieHHss yupkynayii menioHocis 1 HecmadilbHO20 PeXcuMy 2OPIHHA NATUBA MAas Micye
mpuganuii nepeepie 3a memnepanmypu oinvute Hioe 1000 °C. Bucoki mennogi HaganmaxjiceHus 3a
NPAKMUYHO NOGHOI GIOCYMHOCMI MENNIOHOCIS, HEPIGHOMIPHUI pO3NO0LN NiOGUULeHUX MENT08UX
NOMOKI8 8HACTIOOK NOPYULEHHSL MONKOBO20 PENCUMY 2OPIHHA CHpUSIU NepeddacHiil NPUCKopeHiil
Oezpadayii cmpykmypu i mepmiunoi decmpykyii memany mpyo. 3a kopomkuil mepmin excniyamayii
(~240 2o00un) siobynaca sHauna 3miHa posmipie mpyb (MpuckopeHa NoG3yHicmv 3d GUCOKUX
memnepamyp) ma noGHA NepeKpUCmanizayis MIKpOCmMpyKmypu Memany no 6Ciil mogujuHi CmiHKu
ROWKOOJICEHUX mpyo.

Bcmanosneno, wo npuckopena Oecpadayis cmpykmypu memany 3pyuHo8anux mpyo
no8’sa3ana K 3 nepezpieomM Cminku mpyb, maxk i 3 He pPeKOMeHOO08aHOW (071 exchiyamayii 3a
BUCOKUX mMeMnepamyp ma mucky) cmpykmypoio memany mpyo 6 cmaui nocmavanns. Ilokazana
neobxionicmo xopezysanns na TOB «IHTEPIIAHIT HIKO ThIOB» pescumy mepmiunoi 06pobku
yux mpyo.

Pezynemamu 0ocniosxcenv 0o3zsonsir0ms po3spobumu pekomeHOayii no YCyHeHHIO NOpyuLeHs
pedcumy excniyamayii i Hana2o0HCeHHI KOHMPON0 PaKmuiuHux meniogux NOMoKié 6 Hallbinviu
MenIOHABAHMAXCeHUX OLIAHKAX naponepeepignuxa komia gabpuxu «Singburi Sugar Co, Ltdy
(Tainano). 3 ypaxysanusam ocobnusocmeil KOmMenbHO20 0ONAOHAHHS | pexcumy 11020 eKcniyamayii,
PEKOMEHO08AHO MAKOXC 3AMIHUMU Mamepian naponepecpigHux mpyo Ha Oitbut HcapomiyHy i
ACAPOCMIUKY MAPKY CMAU.
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Knruoei cnosa: komenvia mpyo, naponepezpisHux, NOUKOONICEHHS, MepMiuHa 0ecmpyKyis,
oecpadayiss CmMpyKmypu, pelcum 20pinHs, YupKyisayis menioHocis, nepezpies.

KOTeJIbHHf/’I arperar eKCIJIyaTyIOTb IpPOTSATOM TPHUBAJIOTO 4Yacy B YMOBax
BUCOKOI TeMIlepaTypy I'a3iB, BUCOKUX TeMIleparyp i TUCKY Iapy, IiJBUIILEHOT
Koposii Ta eposii Merasy [1,2]. OcHOBHUMU eJieMEHTAMU KOTJIOATPETATy €
Tpy6M 3 Pi3HUX 3a XiMiYHUM CKjagoM (CTyIeHi JieryBaHHS) MapoK CTaju, SKi
BCTAHOBJIIOIOTH 3AJIEKHO BiJl TapaMeTpiB eKCIIyaTallii, B pi3HUX AiJIHKaX KOTJa
(nmaporneperpiBHUK, BOJSHHUN €KOHOMaiizep, TPyGOIPOBiJ KUBUJIBHOT BOJM Ta
inme) [1-3]. 3 ypaxyBaHHSIM YMOB eKCILIyaTallii [0 Meranay Tpy6 KOTEJIbHOTO
arperary BUCYBaIOTh YKOPCTKi BUMOTHU I[O/I0 XiMIUHOMY CKJaJy, AKOCTi IIOBEPXHI,
reOMeTPUYHMUX TlapaMeTpiB, CTPYKTypu Ta (pi3MKO-MeXaHiYHUX BJIACTUBOCTEH,
30KpeMa KapoMirHocTi [3-6]. BinbiicTh X BUMOT 3a3HavyeHa B CTAHJApTaX Ha
TpyOH.

Tpy6ui 3aBo/ i YKpaiHi BUPOOIAIOTh KOTeIbHI TPYOU SK 3 BiTUYM3HSHUMH,
Tak i 3a 3akoppoHHUMHU craHgapTamMu. CiJl 3a3HayWTH, 10 B 3aKOPJOHHUX
CTaH/IapTaX Ha KOTeJbHi TPyOMW, Ha Bi/IMiHY BiJl BITYM3HSHUX, BiJICYTHI BUMOTH
JI0 MiKPOCTPYKTypU MeTanay TpyO, a HOPMHM XapaKTePUCTHUK KAPOMIIHOCTi €
JIOBiIKOBUMHU. BHMOrm [0 MiKpOCTPYKTYpPH BKasdaHi y BHYTPIlIHIX KepiBHUX
MaTepianax 3aKOpJIOHHMX BUPOOGHUKIB. [ToTpi6Hy cTpyKTypy Meramy TpyO, sKa
3a6eslieyye TpHUBaAJy MillHiCTb MeTasy TpyO B yMOBaX BHUCOKHMX TeMIepaTryp i
TUCKY, 3aKOPJOHHI BUPOOHUKM OTPUMYIOTh 3aB/SKHU IIOBHOMY JIOTPUMAHHIO
TexHoJsiorii Bupo6HuITBa. [Ipn npbomy 3sabednedyeHHs BUCOKOi eKcILIyarailiiiHoi
HA/IIHOCTi KOTeJIbHUX TPYO MEPioIMYHO KOHTPOJIOETHCS BUITPOOYBAHHAMMU.

[TepenmuacHe moOMKOMKeHHS a60 PYWHYBAHHS KOTEJTbHUX TPYyO MOKe
NpU3BECTU [0 aBapiliHOl cuTyallii 3 3yNMHKaMKU HaWBaKJUBINIMX 006’ €KTIB
€KOHOMIKHM 1 JKUTTEJiSIIBHOCTI, a TaKOX - JO JIIOJCBKUX XepTB. AK Bijjomo,
aBapiiiHi momko/pkerHst (pyiiHyBaHHsa) Tpy6 B KOTJoarperarax OB s3aHi sK
3 HEBiJIMOBiIHICTIO SKOCTi TPpyO BUMOraM HOPMATMBHOI JIOKyMeHTallii, Tak i 3
MOPYIIEHHSIMU YMOB eKCILTyarallii eHeproo6aasnanns [7-12]. BuacHo Bu3HaveHi
MPUYUHU TIONIKO/KEHHS TpPyO JI03BOJISIOTH OINEPATUBHO CKOPEryBaTU PeKUMU
eKCILTyaTallii KOTJIa, CBOEUYACHO TPOBECTH TEXHIYHY JIarHOCTUKY iHMUX TPy6 Ta
3amo6iTTH MOAJBIIOMY PYUHYBAHHIO KOTEJTBHOTO OOJIQTHAHHS.

Metoto po6Gotu O6yJio [JOCHTI/IKEHHS PYHHOBAaHUX B KOTJIi dabpuku
«Singburi Sugar Co, Ltd» (Tainang) Tpy6 supo6uunrsa TOB «IHTEPITAMII
HIKO TbIOB» (Ykpaina) as BU3HaueHHsS TPUYKMH iX pYHHYBaHHS Ta po3pOOKH
3aX0/liB MO0 IX YCYHEHHA.

JlociipKyBag  3paskM  HepeuacHo  mommkomkennx — (3a 240 roaun
eKCIlIyaTallii) rapsuekaranux tpy6 posmipoM 57x4 MM 3i crami STBA 22, axi
6yJin BUTOTOBJIEH] 3a SITMTOHCBKUM TIpoMuCcJ0oBUM cTanaaptoM JIS G 3462 «Tpyb6u
i3 JeroBaHoi craji [Jig KOTJIB Ta TelJIOOOMiHHUKIB» Ha TpPyOOIPOKATHOMY
arperari 3 GesnepepsuuM crtanoMm (TTIA 30-102) TOB «IHTEPIIANIT HIKO
TbIOb». /logaTkoBo Aoc/i/KyBau 3pa3ok HENOIIKO/KeHoi TpyOu, dka OyJa
pO3TallioBaHa Ha BiJ[CTaHi Biji HAMOIABIT TeNJOHABAHTAXKEHOT JIiJISHKU KOTJIA.
3a panumu npejcraBHuka dabpuxku «Singburi Sugar Co, Ltd» (Taimamnn),
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TeMIleparypa BcepenHi nomkokennx tpy6 cranosuia ~ 400 °C, sosui ~ 800 °C;
THUCK po6ouoro cepezoBuiiia He mepesuiyBas 270 Mlla.

BukonyBanu 30BHIIIHIN OIJIS] MOMIKO/PKEHUX TPyO [/ BUSIBJIEHHS
BU/ly i XapakTepy iX pyWHyBaHHS; PEHTT€HOCTPYKTYPHMI aHa/i3 OKaJUHU HA
30BHIIIHBOI i BHYTPIlTHBOI TOBEpXHi IHUX TPyO; MeXaHiuHi BUIPOOYBAHHS HA
3pas3Kax HeMNOIIKO/PKeHoi TpyOu Ta MeTasjorpadivni JociaifskeHHS MeTasy Tpy6
3a i 1o3a 30HOI0 IOIIKO/KeHHS. PeHTreHOCTPYKTYpHUIl aHasli3 BUKOHYBAJIM HA
ycranoBli «/[POH-2» B MiziHOMYy BUIIpOMiHIOBaHHI 3 rpadiToBUM MOHOXPOMaTOM
B pekuMi 6e3nepepBHOI 3HOMKH. MIiKpOCTPYKTYpPY MeTasy [IOCJiKYBATIH Y
pisHUX Tepepi3ax 3paskiB TpyO /0 i micag TpaBieHHS B peaktuBi Hurass na
cBitioBomy Mikpockori Axiovert 200MAT3a 50, 100 i 500-kparaux 36ibIIeHbD.

Ha ycix 3paskax gocii/pkeHUX Tpy6 3 pi3HHUMHU BHUJAMH PYHHYBaHHS
(puc. 1) cmocrepirasach ciTKa TPilllMH Pi3HOTO CTYyIIEHS OrpyGiHHS, HAa OKPEMUX
JUJIgHKAaX - 3 HackpisHuMu pyiHyBanusmMu. Opna 3 Tpy6 Oyjia BUTHYTA, IO
CBIUNATDH IIPO BEJMKY CHAJY PO3PUBY.

Puc. 1 3oBHilWHil BuA gocnigxeHux 3paskis Tpyb posmipom 57x4 mm 3i ctani STBA 22. x0,2.

Yei momko/preni 3pasku Tpy6 36ispmnmimch y giamerpi Ha 25-30 %
(puc. 2 a), WO CBiAYUTH IIPO IPUCKOPEHY IIOB3y4icTh LUX TPYy6 3a BUCOKHMX
TeMIeparyp ekciuryarailii. BugpieHa tepMiuHa JecTPyKIlisi MeTasy IepeyacHO
MOIIKO/UKEHNX TPy6: 3MeHIIeHHs TOBUMHK CTiHKU ckiaaso 50-90 %, B okpeMux
[iIAHKaxX - 10 HacKpisHoro pyinysanus (puc. 2 6). Ha 3oBHiumHil i BHyTpinmHiii
MOBEPXHSX TOMIKO/PKEHUX TPYO CIIOCTEPIraay TOBCTUII AP OKAJWHHU 3 IAPYBATOIO
CTPYKTYPOIO TOBIIUHOIO /0 3,0 MM, IO CBiYUTHh IIPO eKCILIyaTaIiio Tpyo 3a
TEeMIIepaTyp, 4Ki MepeBUILyBaJUA TeMIEepPaTypy iHTEHCUBHOTO OKaJIMHOYTBOPEHHS
(g crani mapku STBA 22 - 600°C).

MiKpOCTPYKTYypH YCiX 3pasKiB MOIIKO/MKEHUX i 3pyiHOBaHUX TpPYyO
MPaKTUYHO i/IEHTUYHI i CBi/{4aTh MPO MOBHY IepeKpUCTaIi3allito i Pi3HUI CTYIIiHD
JIeCTPYKIIilI0 MeTasy 1o yciei TOBImIMHI cTiHKKM TPyO B IIpolieci iX ekcIryarartii

(puc. 3).
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Puc. 3 XapakTepHi MikpoCTpyKTypu MeTany 3paskiB noLwKoaxeHux Tpy6. x 50.

MikpocTpyKkTypa MeTany HuX TPyO CKJIQMAETbCS 3 MHOKHHM JIPiOHUX
i oKkpeMUX KPYINHUX 3epeH (eputry Ta HAJAJIMIIKOBUX JUCHEpPCHUX Kap6imis. B
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OKpeMUX TiepepidaxX BUSBJEHO TiJIbKM CTPYKTYpPY KpYyIHO3epHHUCTOTO epury,
npuiaomMy po3mip ¢epuTHUX 3epeH 306ira€Tbcsi 3 TOBIHIMHOIO CTiHKU TPYO,
CIIOCTEPIrafoThCd  JIISHKE 3 MiKKPHCTATITHUM OKHCJIeHHSM  (OTIaB/IeHHSIM )
Mertasy. Taki 3MiHU CTPYKTypM MeTasy XapakTepHi JJisi 1pollecy BTOPUHHOT
pekpucTamizaiii, sKa MPOTiKae B TEBHOMY TeMileparypHoMy iHTepBasi (Buiie
1000 °C ) [14, 15].

[Ipo 3Haunumii TeperpiB Meranay CBiIUUTh i cKJajJ rpyboi ImapyBaroi
OKAJMHU HA TIOBEPXHSX TMOIIKO/KeHUX Tpy6. PeHTreHOCTpyKTypHUM (Ha3oBUM
aHaJIi30M BCTAHOBJIEHO, [0 OKaJIMHA Ha 30BHIlIHiN Ta BHYTPIllIHIl MMOBEPXHAX
Tpy6 CKJIafaeThes, B ocHoBHOMY, 3 BiocTHTy (FeO) i marmeruty (Fe,O,), sxi
YTBOPIOIOTbCS 32 YMOB TEPMiUHOrO OKHMCJeHHs (TOpiHHS) Merasy 3a TeMIeparyp,
axi mepesuiyors 800 °C (tabimig).

Crpykrypa okamuau (HagBHICTb IOpP, BIAKOJIB, CITKM TpiluH Ta
iH.) BKasye Tako)X Ha BILIMB 3HAYHUX TePMiYHUX Bi6pamiiHUX HaBaHTAKEHb
(HecTa6iIbHUI IMITYJIBCHUIT PEsKUM TOPIHHS) HA TOIIKOKEHHS TPYOH.

Pe3ynbTat peHTreHOCTPYKTYPHOro ¢pa3oBoro aHanidy okanvHu

CKnao okanunu
3osnimna nogepxus Buympiwna nosepxua
FeO (ocHoBa) FeO (ocHoBa)
Fe.O, Fe.O,
Cr,O, (catinn) Cr,0O,
8CaOx3A1,0,xMgOx58Si0, (cniaun) Ta innr. 8CaOx3Al1,0,xMgOx5Si0, Ta innr.

BceranossieHo, 10 HesajosijgbHa (HecTabiibHa [Ipy  eKclIyaramii 3a
BHCOKHX TeMIIeparyp i THCKY) CTPyKTypa MeTajay Tpy6 B CTaHi MOCTauyaHHS
mocayryBajsia J0JaTKoBUM  (aKTOpoM, SKUW BIUIMHYB Ha TIPUCKOPEHHS
MOTIKO/KeHHST Tpy6. BusB/IEHO TakoX AeTpajialliio CTPYKTYPH HEMONIKOIKEHOT
TpyOM 3a KOPOTKMiT uac eKciuryaranii. MiKpocTpyKTypa MeTalny 3paska
niei Tpy6m ckJagaeTbess 3 (epuro-kapOouHOI CcyMilri, SKy MOKHA OIHUTH
MakcuMaabHuUM 6 6aJI0M 32 MIKAJI00 Aerpajalii mepJiTHOl (GeliHiTHOT) CKJIaI0BUX
mikpoctpykrypu Meraay COY-H EE 20.321:2009 [13]. B crpykrypi metamy Ha
30BHIIIHII TOBEPXHi 3pasKa HEMONIKO/PKeHOT TPyOr BUSIBJIEHO JIOKATbHI iIJISTHKI
KpymnHo3epHucroro depury (puc. 4 a), ki BKazyoTh Ha HEPIBHOMiPHHI PO3TIO/IiI
HiZIBUIIIEHNX TEIJIOBUX MOTOKIB (MOPYIIEHHS TOMKOBOTO PEXKUMY TOPiHHS).
CrpyKTypHi 0CO6JMBOCTI MeTaJIy HENOUIKo/KeHoi TpyO6i BIJIMHY /N Ha i MexaHiuHi
BJIACTUBOCTI. MeTasl OKpeMuX 3pa3KiB HETONTKO/KEHOI TPYyOu XapaKTepU3yEThCS
HU3BKUMU 3HaUeHHSAMU Tpanuii minHocti (402 H /mMM?, ipu HOpMi 3a craHzapTOM
JIS G 3462 ne menme nik 410 H,/Mm?).

TakuM 4YMHOM BCTAHOBJIEHO, 1[0 IPUYMHOIO IEpeYacHOro aBapiiHOro
MONIKO/KEHHST 1 PYWHYBaHHS JIOCJI/DKEHUX TPYO € TIOPYIIEHHS PEeXUMY
excryaranii korsia. [lokazaHo HeoO6Xi/HiCTb KOperyBaHHSI PEeKMMY TepMiyHOT
06po6Kn TmaporeperpiBHnx Tpy6 3i crami STBA 22 ma TOB «MHTEPIIANII
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Puc. 4. XapaktepHa MiKpOCTpyKTypa MeTany AOCHIAXEHOro 3paska HemnowkoaeHoi Tpybu. a, 6 — x 100,
B — x 500.

HUKOTDBIOby» nns orpumanng 6isbin cTabiJbHOT CTPYKTYPH MPU eKCILTyaTaltii
32 BUCOKUX TeMIleparyp i THUCKY. 3 ypaXyBaHHSIM OCOOJUBOCTEN KOTEJbHOTO
00JIaJTHAHHS 1 peXuMy HOro eKcIIyaraiii peKOMeHJOBAHO 3MIiHUTH MaTepia
napormneperpiBaux tpy6 B Korai ¢abpuku «Singburi Sugar Co, Ltd» (Tainammn)
Ha GiJIbII JKapOMIIHY i sKapocCTifiKky MapKy CTaJsH.
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Studying the causes of destruction of steam superheater tubes in boiler
equipment

Summary

Results of comprehensive studies of samples of prematurely destroyed 57x4 mm
steam superheaer tubes of STBA 22 steel used in a boiler unit of Singburi Sugar Co,
Ltd factory (Thailand) are presented. The tubes were manufactured at Interpipe Niko
Tube Ltd. (Ukraine) according to JIS G 3462 Standard (Japan). They were destroyed
in a short (~240 hrs) term of operation. The cause of premature destruction of tubes
of the above steel grade and size assortment in the boiler unit has been established.
Based on present-day investigation methods (metallography, X-ray diffraction, etc.), it
was found that the tubes were operated with violation of fuel combustion conditions
and heat-carrying agent circulation. Characteristic features of operation of damaged
tubes include high thermal stresses from the side of the fire-chamber and limitation (or
absence) of circulation of the heat-carrying agent (blockage in bends, drum heads, etc.).
During operation, the tubes were also exposed to significant thermal vibration stresses
(unstable combustion conditions). Prolonged overheating occurred at temperatures
above 1000 °Cbecause of violation of circulation of heat-carrying agent and unstable
combustion mode. High thermal stresses at almost complete absence of a heat-carrying
agent, uneven distribution of growing heat flows caused by violation of the combustion
mode in the fire-chamber contributed to accelerated degradation of structure and
thermal destruction of the tube metal. In a short term of operation (~240 hours), there
was a significant change in the tube size (accelerated high-temperature creep) and
complete recrystallization of metal structure throughout the entire wall thickness of
the damaged tubes.

It has been established that the accelerated degradation of metal microstructure
in the destroyed tubes was associated with both overheating of the tube wall and the
as-delivered metal structure non-recommended for operation at high temperatures and
pressures. It was shown that it is necessary to adjust the heat treatment conditions for
these tubes at Interpipe Niko Tube Ltd.

The study results have made it possible to develop recommendations for
eliminating violations of operating conditions and establishing control of actual heat
flows in the most thermally loaded sections of the Singburi Sugar Co. Ltd factory’s
steam boiler superheater. Taking into account peculiarities of the boiler equipment and
its operating conditions, it was also recommended to use a more heat-resistant and
refractory steel instead of the currently used material for manufacture of the steam
superheater tubes.

Key words: boiler tube, steam superheater, damage, thermal destruction, structure
degradation, combustion conditions, heat carrier circulation, overheating.
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