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RESEARCHES OF STRUCTURE OF CORROSION
AND SCALE FORNATIONS IN PIPES SYSTEMS OF HEAT SUPPLY
FOR SELECTION COMPOSITION OF WASHING SOLUTIONS

Abstract: The goal and the purpose of an experiment consisted in research of composition corrosion of scale
incrustation formed on an internal surface of pipelines which are operated in systems of heat supply with the
different heat carrier from different cities of south Kazakhstan. The composition of corrosion scale incrustation from
a surface of metallic and plastic pipes in heat supply systems of Shymkent and Arys cities was established by means
of a raster electronic microscope JSM-6490LV with systems of the power dispersive microanalysis INSA Energu
and the structural analysis of HKL — Basic with useful magnification 300 000 in combination with the highly
effective liquid Varian Pro Star chromatograph.

It is established that specific parts of corrosion scale incrustation, which taken from an internal surface of
metallic and plastic pipelines in systems of supplies of Shymkent and Arys aren't identical in composition.

Knowledge of composition of corrosion scale incrustation in pipes of systems of heat supply, the date of
solubilities of these elements in various solutions of acids, can promote the correct selection of washing solutions for
removal of corrosion scale incrustations.

Key words: corrosion scale incrustation, washing solutions.

Introduction

According to the data of many researchers [1-3] the chemical composition of corrosion scale
incrustation can be classified as: alkaline earth, silicates which complex in composition, iron, manganese
and copper. Compositions of alkaline earth and complex silicates for 90% consist of carbonates, sulfates,
silicates, and phosphates of alkali metals and formed as hard, dense crystal deposits in the heat pipes of
networks, and in conditions of alkali boiling water falls as sludges [04.07]

At increased water content in the phosphate, iron and manganese are formed by loose-covering scum
and in case the water content in copper - copper scum as a layered accumulation. During exploitation of
boilers with the change of hydrodynamic and thermal regime with the boiler tube wall is washed away
with highly disperse sludge, which is composed of complex carbonates and phosphates. This sludge
entrained by coolant and also involved in the processes of scale formation, contributing to the formation
of denser deposit layers on the inner surface of the pipe.

For removing the scaled deposits which formed on the inner surface of pipelines in heating systems
should be selected compositions washing solutions so that they are removed from the inner surface of the
tube exceptionally scaled deposits without damaging the metal surface [8-16].

Study methods
Objective and the task of the experiment was to study the composition of corrosion-scale deposits
formed on the inner surface of pipelines exploited in heating systems with different coolant from different
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cities of South Kazakhstan region. Knowledge of the composition of corrosion-scale deposits in pipes of
heating systems can contribute to the correct selection of washing solution for the removal of accumulated
deposits.

To achieve this goal we selected heating facilities of cities: Shymkent, Aris, with their water intake,
where the average carbonate hardness of water in mgEq./l makes accordingly: 3.12; 6.26.

The composition of corrosion scale incrustation from a surface of metallic pipes in heat supply
systems of Shymkent and Arys cities was established by means of a raster electronic microscope JSM-
6490LV with systems of the power dispersive microanalysis INSA Energu and the structural analysis of
HKL — Basic with useful magnification 300 000 in combination with the highly effective liquid Varian
Pro Star chromatograph.

Discussion

Possibilities of electronic microscope allow for qualitative and quantitative analysis of scale deposits.
Corrosion scale incrustation stimulate general and local corrosion of iron (pipe) which results in the
destruction of the pipe, boiler, heat exchanger, radiator, and overrun is observed when operating power of
about 10.8% when the thickness of deposits in the system to 2 mm [17- 20].

Useful 300,000 increase of the microscope in combination with high pressure liquid chromatography
Varian Pro Star allows to identify various impurities and inclusion in the sample.

Possibilities of the microscope allow to determine the contents of all elements in analyzed samples in
weight percent, as well as to see the structure of analyzed samples. In Figure 1 and 2 showed the
composition components of scale incrustation taken from the inner surface of the metallic pipe of
Shymkent and plastic pipe of Aris city.

It can be seen from Figures 1 and 2 elements in the composition of corrosion-scale incrustation taken
from the inner surface of metal and plastic pipes in heating systems of Shymkent and Arys, not identical
in composition. In scale incrustation appear plastic pipe elements such as phosphorus, sulfur, zinc,
titanium, carbon, which is not observed in scale incrustation of steel pipes. Analysis of the composition of
elements in scale incrustation indicates that the main component in both pipes is iron.

DJeMeHT Becosoii,%
(¢} 24.00
Al 0.56
Si 0.94
K 0.15
Ca 0.13
Mn 0.43
Fe 73.78

MNonHaa wrana 6443 wan. Kypeop: 0,000 K36

Figure 1 - The quantitative composition of the components elements in corrosion-scale incrustation taken from
the surface of Shymkent metal pipe and their structure

For the study of acid action as solvent corrosion-scale incrustation on the inner surface of pipelines
were selected acids - sulfamic, hydrochloric, oxalic and citric.
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Obsoleted from the inner surface of the steel tubes suspended scaled incrustations an electronic
microscope with a fixed structure elements placed in various acid solution with a concentration of 5% by
weight, the first - sulphamic, the second - hydrochloric, the third - oxalic, citric acids in the fourth and left
for five hours (minimum time of pipeline cleaning incrustation from scale in practice) at room
temperature. After the specified time, composition analysis was performed on the content of these acids

components.

Table 1 - shows data studies of solubility elements in the scale incrustation in solutions of various

acids (Figure 1)

DeMeHT Becosoii,%
C 30.78
O 33.21

Na 0.33
Mg 0.54
Al 1.93
Si 4.51
P 0.20
S 0.09
K 0.60
Ca 3.15
Ti 0.24
Mn 0.22
Fe 23.81
Zn 0.40

l 1 2 3 4 5 g 7 3 ]

MNonHaa wkana 4490 wman. Kypeop: 0.000 kb

Figure 2 - The quantitative composition of the components elements in corrosion-scale incrustation taken from
the surface of the plastic pipe of Aris and their structure

Table 1 - The solubility indicators of elements taken from the steel pipe in acid solutions

Elements consisting scale Elements consisting scale incrustation after
Acid incrustation to their dissolution in acid dissolution in acid
Sulphamic acid AlSi,K,Ca,Mn,Fe Iron traces
Hydrochloric acid AlSi,K,Ca,Mn,Fe manganese and iron traces
Oxalic acid Al,S1,K,Ca,Mn,Fe silicon, iron and manganese traces
Citric acid AlSi,K,Ca,Mn,Fe iron, aluminum and silicon traces

As shown in Table 1, sulphamic acid dissolves almost completely all elements except iron, whereas
solution of other acids found traces of almost all the components.
Table 2 shows the solubility parameters of elements taken from the inner surface of plastic tubes

(Figure 2).
Table 2 - The solubility indicators of elements taken from the plastic tubes in acid solutions
Elements consisting scale incrustation | Elements consisting scale incrustation after dissolution in acid
Acid to their dissolution in acid
Sulphamic acid AlLSi,K,Ca,Mn,Fe,Mg,Zn,Ti,S,P,C,Ca | iron, zinc, titanium traces
Hydrochloric acid | Al,Si,K,Ca,Mn,Fe,Mg,Zn,Ti,S,P,C,Ca | manganese, iron, titanium, sulfur, magnesium traces

Oxalic acid

Al,Si,K,Ca,Mn,Fe,Mg,Zn,Ti,S,P,C,Ca

silicon, iron, manganese, titanium, zinc, magnesium traces

Citric acid

AlLSiK,Ca,Mn,Fe,Mg,Zn,Ti,S,P,C,Ca

iron, aluminum, silicon, zinc, titanium, sulfur, magnesium
traces

As shown in Table 2 sulphamic acid solution dissolves many elements except iron, zinc and titanium.
In solutions of other acids the solubility of the individual elements is difficult, such as titanium,
magnesium, silicon.

—— 4 ——
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Conclusions: Based on the above task by selecting the chemical composition of the washing solution
for the removal from the inner surface of pipelines in heating systems of corrosive scale incrustation could
be successfully solved by using sulphamic acid in combination with an inhibitor.
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KYTbl EPITIHALUTEPAIH K¥YPAMBIH TAHJIAY YIHITH
KBIIYMEH KAMTAMACHBI3 ETY )KYUEJEPIHJEI'T KYBBIPJIAP/IbIH
KOPPO3HUSAJIBIK KAK KAJI/IBIKTAPBIHBIH KYPAMBIH 3EPTTEY

Annoranus: ToxipubeHiH makcatel MeH MiHaeTi: OKO kanmanapbHIAFBI 9p TYPJIi KBUTY TaChIMAIIAFBII KOH-
IBIPFBUIApAa TMaiaa OONaThIH KOPPO3USUIBIK KAK KaJIBIKTApBIHBIH KypambiH 3eptrey. LlIsiMKeHT, Apbic Kanana-
PBIHIA XKBUTYMEH KaMTY KYUEIEePiHiH METaJUT KOHE TUIACTHK KYOBIP KaObIpFaIapbIHAAFsl KOPPOSUSIIBIK KAK KaJIIbIK-
TapbIHBIH KypaMBbl KeJleci ammaparTap: SHEprOAMCIEPCTi MHUKpoaHamm3 kyHheni JSM-6490LV, TriMaimiri »xorapsl
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cy#bIK XpoMoTtorpad Varian Pro Star mer xkypmemMasik tainmay 300000 ynkeiTkimn 6ap HKL - Basic mapkairbr MuK-
POCKOIT KOMETIMEH aHBIKTAIIIbI.

[IpIMKEHT oHEe ApPBIC KalaaapblHbIH TEMIp, MTACTUKAIBIK KYOBIPIAPbIHbIH KaObIPFaIapblHAH aJIbIHFAH KOPPO-
3USIIBIK KAKTAPIbIH KYPaMbIHIAFbl 3JIEMEHTTEP 9P TYPJIl €KEH/IITT aHBIKTAJI/IbI.

JKputyMeH KamTaMachl3 eTy Kyienepinaeri KyObpiaapablH KOPPO3MUIbIK KaK KaJABIKTAPbIHBIH KYpaMbIH Oiily,
KOPPO3USUIBIK KaK KaJABIKTAPbIH )KOIOFa IYPHIC EPITKIIITEp TaHAayFa, COJI JIEMEHTTEpAIH Kail epiTKilTepae epu-
TIHAITIH OLTyre MyMKIHIIK Oepeni.

Tipek co3ep: KOPPO3USIIBIK KaK KaJJIBIKTap, XKYFbILI €PiTIHILIED
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HOxHO0-KazaxcraHckuii TOCYyJapCTBeHHBIH yHUBEpcUTeT UM.M.Aya30Ba, llIsiMkenT, Kazaxcran

HCCJIETOBAHMS COCTABA KOPPO3MOHHO-HAKHUITHBIX OTJIOKEHUM
B TPYBAX CUCTEM TEIVIOCHABXKXEHUA JJIA IOJABOPA COCTABA
IMPOMBIBHbBIX PACTBOPOB

AnHoranusa: llens u 3agaya dKCIEPUMEHTa COCTOsUIa B HCCIENOBAHUU COCTaBa KOPPO3MOHHO-HAKUITHBIX
OTJIO)KEHHUH, 00pa3yIoIMXCsl Ha BHYTPEHHEH IOBEpXHOCTH TpPyOONpPOBOAOB, SKCIUTyaTHPYIOIIMXCS B CHCTEMax
TEIJIOCHA0XKEHHMS C Pa3HBIM TEIUIOHOCHTeNeM 13 pa3HbIX ropoioB FOKO. CoctaB KOppO3MOHHO-HAKHUITHBIX OTIIOXKE-
HHH C TOBEPXHOCTH METAJUTMUECKHX U IIACTHKOBBIX TPYO B CHCTeMax TemiocHa0keHus ropoaos LlIsiMkeHT, Apbich
HAMH YCTaHABIIMBAJICS C TIOMOIIBIO PACTPOBOTO IEKTPOHHOTO MUKPOCKOMa Mapku JSM-0,440LV ¢ cucremamu suep-
rouctiepcuoHHOr0 MukpoaHannza INSA Energu u ctpykryproro ananmmza HKL — Basic ¢ mone3HsIM yBeTnueHIEM
300 000 B coueranuu ¢ BoICOKO((HEKTHBHBIM JKHUIAKOCTHBIM Xpomarorpadom Varian Pro Star.

YCTaHOBIIEHO, YTO 3JIEMEHTHI, B COCTaBE KOPPO3MOHHO-HAKUITHBIX OTJIOXKEHHH, B3AThIE C BHYTPEHHEH MOBEPX-
HOCTH METANIMYECKHX M IUIACTUKOBBIX TPYOOIPOBOIOB B CUCTEMAX TeIuIocHa0xeHs roposa IIbIMKeHT u r.ApbIch
HEOJMHAKOBBI [0 COCTaBY.

3HaHMs COCTaBa KOPPO3MOHHO-HAKHUITHBIX OTJIOKEHHH B TPpyOaxX CHCTEM TEIUIOCHA0KEHHs, JIaHHbIE PAaCcTBOPH-
MOCTH 3THX 3JEMEHTOB B Pa3JIMUHBIX PAcTBOPAX KHCJIOT, MOI'YT CIIOCOOCTBOBAThH IPABHIBHOMY MO00PY MPOMBI-
BOYHBIX PACTBOPOB sl YAAJIECHUS KOPPO3UOHHO-HAKUIIHBIX OTI0XKEHUI.

KunroueBsbie c10Ba: KOPPO3UOHHO-HAKUIIHBIE OTJIOKECHHS, IPOMBIBOYHBIE PACTBOPHI.
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