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[IpencraBnens! pe3yabpTaThl UCCIEIOBAHUS OBIBIIMX B dKcIuTyatanuu ¢ 1986—1991 rogoB 4yyryHHbBIX TpyO
9KOHOMAaN3epOB BOAOTPEHHBIX KOTJIOB, HE UMEIOIINX BHELIHUX BU3yaJIbHBIX MOBpexIeHUN. OnpenescHa 3a-
KOHOMEPHOCTh M3HALIMBAHUSA B BUJE I'paQUTU3AIMU TOBEPXHOCTHOTO CJIOSI BHYTPEHHHUX CTEHOK TPYyO 9KO-
HOMaiizepa. MccienoBaHus MPOBOAWINCH C HCIIOJB30BAaHHEM PAcTPOBOTO DJIEKTPOHHOIO MHUKPOCKOMA
JSM-6390LV c npuctaBKo# 1J1s1 3HEProJUCIIEPCHOHHOT0 aHAJIN3a, a Takke MUKpoTBEpIoMepa DuraScan 20.
JlaHBI CHUMKH yYaCTKOB U3MEPEHUSI MUKPOTBEPIOCTH HA y4acTKaX, HOABEPTIINXCSA IPaUTOBON KOPPO3HH.
OmnpeneneHsl pa3Mepsl MOJTHOCTHIO MPE0OpPa30BaHHOTO B pe3yibTaTe rpauTH3alyU CJIOS U MEepPexXoTHON
30HBI. V3MepeHa MUKPOTBEPAOCTH MOTHOCTHIO MPE0OPa30BaHHOTO B pe3ysibTare rpadUTU3ALNH CII0S U Tie-
PEXOIHOM 30HBI. Y CTAHOBJIEHO, YTO MUKPOTBEPIOCTh 3TUX 30H CYLIECTBCHHO MEHbBILE MUKPOTBEPIOCTH Ce-
poro uyryHa. [IpuBeneHsl pe3ysbTaThl 3HEProAUCICPCHOHHOIO aHAJIM3a U XapaKTEePHbIE TUarHOCTUYECKHE
MPU3HAKH, UIeHTUUIIpYIoUIHE mpoliece rpaduruzanun. [IpeayioskeH MeTo | OlleHKH Hecyle crocoOHo-
CTH YyT'YHHBIX TpyO 3KOHOMaif3epa B 3aBHCUMOCTH OT BEJIMYHMHBI rpaduTH3anui. Maremarndeckas MOJeIb
YUUTHIBAE€T BCE OCHOBHBIE CBOMCTBA, OCOOCHHOCTH U (PU3MKO-TEOMETPHUECKHE XaPAKTEPUCTHKH PEaTbHON
KOHCTPYKITUH, pacu€THas CXeMa KOTOPOU IMPEACTABIACT COO0H KECTKO-3AIMIEMIIEHHYIO IO KOHI[AM OaliKy,
n3rubaeMyro paBHOMEpHO-paclpeeIEHHON CTaTUYeCKOi Harpy3Koil 0T COOCTBEHHOH Macchl TpyObI U Beca,
IpoTeKaromiei mo Het Bonbl. [lomyueHHast pacu€THHIM MyTEM OCTAaTOYHAS TOJIIWHA CTEHKH TPYOBI 4,53 MM.
rocje u3Hoca e€ BHyTPEHHEH IIMITNHAPHIECKON TTOBEPXHOCTH, COITOCTAaBUMA C M3BECTHBIMHU OTIBITHBIMH KO-
JIMYECTBEHHBIMHU JAHHBIMH CTaTUCTHYECKOTO aHAIM3a aBapUHHBIX CUTYyalMil Ha skoHOMalzepax. [lomyuen-
HBIE PE3yJIbTAaThl MOTYT OBITH MCIIOJIB30BAHBI KaK IPU SKCIEPTHOM HCCIIEIOBAHUU UYTYHHBIX TPYO SKOHO-
Maiizepa, Tak 1 JJI1 000CHOBAHMUS WX BRIOPAKOBKH HJTH MPOJICHUS CPOKa CITY KOBI.

KaroueBble ciioBa: uyryH, Tpy0a, SKOHOMaii3ep, rpaduTusanis, HarpshHkeHne, KodQGUIEHT 3amnaca, pac-
YyeTHasi Harpy3Ka.

DOI: 10.32864/0202-4977-2025-46-1-66-75

Aopec ona nepenucku:

A.U. Heoobumxoe

HAO «Bocmouno-Kazaxcmanckuil mexnuueckuti yHugepcumenm
um. [. Cepuxbaesay,

ya. Cepuxbaesa, 0. 19, e. Yemo-Kamenozopcek 070004, Kazaxcman
e-mail: a.nedobitkovi@mail.ru

Address for correspondence:

A.I. Nedobitkov

NJSC “D. Serikbayev East Kazakhstan technical university”,
D. Serikbayev Str., 19, Ust-Kamenogorsk 070004, Kazakhstan
e-mail: a.nedobitkov@mail.ru

na yumuposanusa:

A.U. Heoobumrkos, b.M. Ab6oees.

BimstHue rpaduTH3aMU Ha IPOYHOCTD YyTYHHBIX TPYO
3KOHOMak3epoB BOJOIPEHHbIX KOTJIOB.

Tpenue u u3HOC.

2025.—T.46,Ne 1. - C. 66-75.

DOI: 10.32864/0202-4977-2025-46-1-66-75

For citation:

A.IL. Nedobitkov and B.M. Abdeyev.

[Effect of Graphitization on the Strength of Cast-Iron Tubes of
Economizers of Hot Water Boilers].

Trenie i Iznos.

2025, vol. 46, no. 1, pp. 66—75 (in Russian).

DOI: 10.32864/0202-4977-2025-46-1-66-75

66



Friction and Wear
2025, vol. 46, no. 1, pp. 66—75
A.L Nedobitkov and B.M. Abdeyev

Tpenue u usnoc
2025. —T. 46, Ne 1. — C. 66—75
A.U. Heoobumxose, B.M. Ab6oees

Effect of Graphitization on the Strength of Cast-Iron Tubes
of Economizers of Hot Water Boilers

A.lL. Nedobitkov and B.M. Abdeyev

NJSC “D. Serikbayev East Kazakhstan technical university”,
D. Serikbayev Str., 19, Ust-Kamenogorsk 070004, Kazakhstan

Received 06.11.2024.
Revised 05.02.2025.
Accepted 14.02.2025.

Abstract

The article contents the results of examination of cast-iron pipes of water economizers of water-heating
boilers, which were in operation in the period of 1986—1991 and which have no external visual defects. We
have determined a dependence of wear-out in the form of graphitic corrosion of the surface layer of inner
walls of economizer pipes. The researches have been conducted with the use of JSM-6390LV scanning elec-
tron microscope equipped with an attachment for conduct of energy-dispersive analysis, and with the use of
DuraScan 20 microhardness tester. There are images of areas given, where microhardness testing was per-
formed. The areas were exposed to graphitic corrosion. The dimensions of the layer completely transformed
as a result of graphitization and the transition zone were determined. The microhardness of the layer com-
pletely transformed as a result of graphitization and the transition zone was measured. It was found that the
microhardness of these zones is significantly lower than the microhardness of gray cast iron. We have also
presented the results of energy-dispersive analysis and specific diagnostic features identifying the graphiti-
zation process. In the article we propose a method of assessment of supporting capacity of cast-iron pipes of
water economizers based on the rate of their graphitization. A mathematical model takes into account all main
properties, features, physical and geometric characteristic of the real structure, which has an analytical model
represented by a beam rigidly restrained on both heads, and which is bending by well-distributed dead weight
load arised from the pipe’s own weight and the weight of the water flowing through it. The calculated residual
wall thickness of 4.53 mm after wear of its internal cylindric surface is comparable with the known empirical
data of statical analysis of emergency situations at economizers. The data given in the article could be used
by specialists for expert examination of cast-iron pipes of economizers, as well as for justification of their
sorting or life extension.
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