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ANNOTATION  

This paper presents the research results of solid structure and hollow steel billets obtained by 

continuous casting. To substantiate the feasibility of using a hollow billet as an initial one in the 

production of seamless hot-rolled pipes, a comparative analysis of the distribution of non-metallic 

inclusions, macro- and microstructure, as well as segregation by structural zones was carried out. 

When analyzing the macrostructure of a hollow billet, two distinct zones were revealed: equiaxed 

small and columnar crystals, which distinguishes it, compared with a solid billet, by the absence of a 

zone of misoriented crystals. This, in turn, helps to eliminate defects such as axial porosity and 

segregation. The improved quality of the macrostructure during casting of a hollow billet is explained 

by more favourable conditions for heat removal and a higher rate of solid-phase advance due to 

bilateral cooling, and less shrinkage of the melt due to its cross-sectional geometry. The distribution of 

nonmetallic inclusions, consisting of oxide, sulfide and oxysulfide compounds, and liquidation 

elements, showed that they are concentrated mainly at the boundaries of crystalline zones, and for a 

solid billet and in the central part. This fact is caused by the development of a zone of intense heat 

removal. When research the microstructures of solid and hollow workpieces, a ferrite-pearlite mixture 

is observed in both cases. The microstructure of the hollow billet is more dispersed, which is 

confirmed by durometric measurements.  
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Introduction 

The increasing requirements of the oil and gas 
industry to the level of pipe products properties 
requires intensification of work to improve the 
technological properties and quality indicators of 
continuously cast billets. To solve these problems, 
pipe manufacturers are introducing modern 
production technologies and modernizing 
equipment [1-6]. 

One of the effective methods for improving the 
quality of pipe products is using a hollow billet as 
an initial one. This will improve the quality, in 
particular, almost wholly eliminate axial porosity 
and segregation. Also, due to the presence of a 
cavity in the billet, it is possible to use double-sided 

cooling, which promotes better conditions for the 
crystallization of the melt and an increase in the 
productivity of continuous casting machines [6-13]. 

In connection with the above, the purpose of 
this work was to research the formation of the 
macro- and microstructure of hollow and solid 
billets and analyze the distribution of non-metallic 
inclusions and liquidation elements. 

Material and research methods 

The research object is billets from steel 09G2S: 
solid Ø 210 mm and hollow Ø 210×140 mm. The 
billets under research were cast into sand molds 
250 mm high to exclude the effect of end cooling, 
in one of which a rod was used to form an internal 
cavity. After casting, templates were cut from the  
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1 – zone of equiaxed small crystals; 2 – zone of columnar crystals; 3 – zone of misoriented crystals 

 
Figure 1 – Macrostructure of solid and hollow billets 

 
billets at a distance of 100 mm from the end to 
analyze the structure and chemical composition. 

The macrostructure and the degree of 
development of internal defects were determined 
according to GOST 10243-75 “Steel. Test methods 
and evaluation of macrostructure" after etching in 
50% HCl solution at a temperature of 60° C for 40 
minutes. Microstructures were researched by GOST 
8233-86 “Steel. Microstructure Standards". 
Preparation of thin sections for work on a 
microscope was carried out according to a 
technique that included surface polishing, etching 
of thin sections in a 20% aqueous solution of HNO3. 
The microstructure was revealed by etching in a 4% 
HNO3 solution. The study of the microstructure was 
carried out using an Olympus BX53M microscope 
by optical metallography. 

To assess the liquation, the chemical 
composition was determined on an optical 
emission spectrometer SPECTROMAXx by the 
spectral method according to GOST R 54153 “Steel. 
Method of atomic emission spectral analysis”. 

Determination of contamination and 
identification of nonmetallic inclusions was carried 
out on microsections sampled over the billets 
section using optical microscopy on Olympus 
BX53M and X-ray spectrometry using a 
multichannel spectrometer CPM 25. Contamination 
of the microsections was assessed separately for 
oxide, sulfide and oxysulfide inclusions. The 
calculation of contamination with non-metallic 
inclusions was carried out by GOST 1778-70 
"Metallographic methods for the determination of 
non-metallic inclusions"    (method L). 

Durometric research of microstructures were 
carried out using a PMT-3 microhardness tester 
with a load of 20-100 g. 

Research results and discussion 
 

Macrostructure. The main structural zones 
characterize the macrostructure of the templates 
under research (Figure 1): the cortical zone, the 
zone of columnar crystals, and for a solid billet, 
there is also a zone of misoriented crystals. 

The zone of small equiaxed crystals consists of 
crystallites with a short length, a solid billet 18 mm, 
and a hollow billet 8-9 mm. An increase in the 
thickness of the solidifying layer, due to the 
formation of a developed cortical zone, leads to a 
decrease in the solid phase advance intensity. 
Simultaneously, the value of the temperature 
gradient remains sufficiently high, which leads to 
the formation of elongated columnar crystals. The 
lengths of columnar crystals zones for solid and 
hollow blanks are 30 mm and 22 mm, respectively. 

The absence of a pronounced zone with 
misoriented crystals in a hollow billet indicates an 
improvement in the cooling effect's efficiency on 
the surface of continuously cast billets during 
casting in comparison with a solid billet. 

 

 
 

Figure 2 – Microhardness of billets 

150
155
160
165
170
175
180
185
190
195
200

0 10 20 30 40 50 60 70 80 90 100

Solid Hollow

HV

distance from the outer side of the billet, mm



Комплексное Использование Минерального Сырья. №2 (317), 2021   ISSN-L 2616-6445, ISSN 2224-5243 

25 

Figure 3 – Distribution of non-metallic inclusions over the section of the billet 

The obtained macrostructures during casting of 
a hollow billet confirm more favourable conditions 
for heat removal, a greater intensity of solid-phase 
advance, and a more homogeneous steel structure. 

Durometric studies were carried out to assess 
the homogeneity of the structure of templates of 
solid and hollow blanks. Figure 2 shows the 
measurement results. 

The microhardness values at a load of 25 g 
confirm a more homogeneous structure for the 
hollow blank. 

Non-metallic inclusions. Analysis of non-
metallic inclusions identified by X-ray spectrometry 
showed the presence of oxide (Al2O3), sulfide (CaS) 
and oxysulfide (Al2O3·CaS) compounds, the cause of 
which is the use of deoxidizers (Al) and modifying 
additives (Ca). 

The distribution of non-metallic inclusions over 
the billet section is shown in Figure 3. 

Analysis of the distribution of nonmetallic 
inclusions over the cross-section of a solid billet 
showed that the distribution is of a hopping pattern 
associated with the conditions for changing heat 
removal and changing crystalline zones. 

The results, in Figure 3, show that the content 
of inclusions increases when approaching the 
centre of the billet, but this increase is not 
monotonic. At a distance of 45-50 mm from the 
edge of the solid billet, corresponding to the 
columnar crystals zone's boundary, the content of 
oxide and oxysulfide inclusions increases, then, as 
the billet axis approaches, the range of inclusions 
reaches its maximum value. The uneven 
distribution of non-metallic inclusions is due to the 
solidification features of the misoriented crystals 
zone. A decrease in the temperature gradient due 
to a reduction in the solid phase advance intensity 
causes the intensive development of liquation. 

Figure 4 – Distribution of liquidation elements over the section of the billet
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Solid

Hollow 

Analyzing the hollow billet structure, it can be 
noted that there is a uniform distribution of all 
types of non-metallic inclusions. This indicates a 
higher rate of solid-phase advance due to double-
sided cooling and lower billet section values. 

Chemical heterogeneity. To research the 
processes of segregation of continuously cast 
billets, spectral chemical analysis was carried out 
with a given distance of at least 12 mm, taking into 
account the burnout diameter of 10 mm. Figure 4 
shows the results of spectrometric analysis.  

Surface layers of continuously cast billets, 
solidified under intensive solid-phase advance 
conditions, have a more uniform distribution of 
elements and a low degree of segregation. A 
change in the chemical composition of liquidating 
impurities is observed in the case of a solid billet 
when passing through the boundaries of crystalline 
zones. 

In the central part of the solid billet, an increase 
in all elements' concentration was recorded. An 

increase in chemical inhomogeneity in the axial part 
of continuously cast billets is explained by a change 
in the conditions of heat removal and the formation 
of equiaxed crystals zone, which solidifies under 
conditions of a minimum temperature gradient and 
maximum concentration overcooling. 

Regarding the change in the content of 
liquidating elements over the hollow billet section, 
it should be noted that liquation appears 
insignificantly due to the significant development of 
the intense heat removal zone.  

Microstructure. The research of hollow and 
solid billets microstructures showed a ferrite-
pearlite structure (Figure 5). 

A solid billet, ferrite (F), and pearlite (P) grains 
have an irregular shape with sharp corners. An 
increase in the size of ferrite and pearlite grains is 
observed along the section of the billet. The phase 
components' shape changes from more equiaxed in 
the cortical zone to elongated in the dendrite zone 
and polygonal in the axial part of the billet. 

Figure 5 – Microstructures of billets (×100) 
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Both cases are characterized by acicular ferrite 
in the form of Widmanstatten ferrite, which is 
formed with a significant degree of liquid metal 
overcooling and differing in the degree of ferrite 
dispersion. The cast billets' obtained 
microstructures confirm the change in the values of 
the previously presented microhardness results. 

Conclusion 

The research results confirmed the 
improvement in the structure of the hollow billet 
after casting in comparison with the solid one. 
Simultaneously, the absence of the billet central 

part allows avoiding the occurrence of such defects 
as axial porosity and segregation. Microstructure 
analysis showed a more dispersed structure in the 
hollow billet due to better cooling conditions. A 
more favourable distribution of non-metallic 
inclusions and liquidation elements is also observed 
in the hollow billet. Thus, the purpose of the 
research was achieved and the feasibility of using a 
hollow billet for the production of seamless oil and 
gas pipes was confirmed. 
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Тұтас және қуыс болат құймалар дайындамаларының құрылымын 
салыстырмалы талдау 
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ТҮЙІНДЕМЕ 

Бұл жұмыста үздіксіз құю нәтижесінде алынған тұтас және қуыс болат дайындамалардың 

құрылымын зерттеу нәтижелері келтірілген. Жіксіз ыстықтай прокатталған құбырлар өндірісінде 

қуыс дайындаманы бастапқы ретінде пайдалану орындылығын негіздеу үшін бейметалл 

кірінділердің, макро- және микроқұрылымдардың таралуына, сондай-ақ құрылымдық аймақтар 

бойынша ликвацияға салыстырмалы талдау жүргізілді. Қуыс дайындаманың макроқұрылымын 

талдау кезінде екі айқын аймақ анықталды: тең осьті ұсақ және бағаналы кристалдар, бұл оны 

қатты дайындамамен салыстырғанда, бағытталған кристалдар аймағының болмауымен 

ерекшелендіреді. Бұл өз кезегінде осьтік кеуектілік пен ликвация сияқты ақауларды жоюға 

көмектеседі. Қуыс дайындаманы құю кезінде макроқұрылымның жақсартылған сапасы жылу 

берудің неғұрлым қолайлы жағдайларымен және екі жақты салқындату және балқыманың 

көлденең қимасының геометриясына байланысты аз шөгуі есебінен қатты фазаның жылжу 

қарқындылығымен түсіндіріледі. Оксидті, сульфидті және оксисульфидті қосылыстардан 

тұратын бейметалл кірінділердің, сондай-ақ ликвацияланатын элементтердің таралуы олардың 

негізінен кристалды аймақтардың шекараларында, ал тұтас дайындама үшін және орталық 

бөлігінде шоғырланғанын көрсетті. Бұл факт қарқынды жылу шығару аймағының дамуына 

байланысты. Тұтас және қуыс дайындамалардың микроқұрылымдарын зерттеу кезінде екі 

жағдайда да феррит-перлит қоспасы байқалады. Қуыс дайындаманың микроқұрылымы үлкен 

дисперсиямен сипатталады, бұл дюрометриялық өлшемдермен расталады.     

Түйін сөздер: үздіксіз құю, ликвация, макроқұрылым, бейметалл кірінділер. 
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АННОТАЦИЯ  

В данной работе приведены результаты исследования структуры сплошных и полых стальных 
заготовок, полученных непрерывной разливкой. Для обоснования целесообразности 
применения в качестве исходной, при производстве бесшовных горячекатаных труб, полой 
заготовки, проведен сравнительный анализ распределения неметаллических включений, 
макро- и микроструктуры, а также ликвации по структурным зонам. При анализе 
макроструктуры полой заготовки выявлено две ярко выраженных зон: равноосных мелких и 
столбчатых кристаллов, что отличает ее, в сравнении со сплошной заготовкой, отсутствием зоны 
разориентированных кристаллов. Это, в свою очередь, способствует исключению таких 
дефектов, как осевая пористость и ликвация. Улучшенное качество макроструктуры при 
разливке полой заготовки объясняется более благоприятными условиями теплоотвода и 
большей интенсивностью продвижения твердой фазы за счет двустороннего охлаждения и 
меньшей усадки расплава ввиду ее геометрии поперечного сечения. Распределение 
неметаллических включений, состоящих из оксидных, сульфидных и оксисульфидных 
соединений, а также ликвирующих элементов, показало, что они концентрируются в основном 
на границах кристаллических зон, а для сплошной заготовки и в центральной части. Данный 
факт вызван   развитием зоны интенсивного теплоотвода. При исследовании микроструктур 
сплошной и полой заготовок в обоих случаях наблюдается ферритно-перлитная смесь. 
Микроструктура полой заготовки отличается большей дисперсностью, что подтверждено 
дюрометрическими измерениями.  
Ключевые слова: непрерывная разливка, ликвация, макроструктура, неметаллические 

включения. 

Жакупова Арай Толепбергеновна 

Информация об авторах:    
докторант Школы металлургии и обогащение полезных ископаемых, Восточно-
Казахстанский технический университет имени Д.Серикбаева, Павлодар, Казахстан. Email: 
aray_zhakupova86@mail.ru, orcid id:  https://orcid.org/ 0000-0002-7392-1172 

Салина Валентина Алексеевна 
кандидат технических наук, старший научный сотрудник, Институт металлургии, 
Уральское отделение Российской академии наук, Екатеринбург, Россия. Email: 
valentina_salina@mail.ru, orcid id:  https://orcid.org/0000-0003-4340-5430 

Reference 

[1] Bykov P. O.  (2011). Snijenie centralnoi poristosti neprerivnolitogo slitka za schet kompleksnogo vozdeistviya na process 

kristallizacii [Reduction of the central porosity of a continuously cast ingot due to a complex effect on the crystallization 

process] // Nauka i tehnika Kazahstana [Science and technology of Kazakhstan], (3–4). 7–10 (in Russ). 

[2] Bogomolov, A. V., Zhakupov, A. N., Kanayev, A. T., Sikach, I. A., Tugumov, K. K. (2016). Comparative Structural Strength 

Research of Hardened Carbon Steel and Hot-Rolled Alloy Steel // IOP Conference Series: Materials Science and 

Engineering, 142(1). 012076 (In Eng.). https://doi.org/10.1088/1757-899x/142/1/012076. 

[3] Kotelnikov, A. B., Vopneruk, A. A., Makarov, A. V., Korobov, Yu. S., Kirichkov, A. A., Dagman, A. I., Shifrin, I. N. (2018). 

Novie materiali i tehnologii suschestvennogo povisheniya iznosostoikosti rabochei poverhnosti metallurgicheskogo 

oborudovaniya [New materials and technologies for a significant increase in the wear resistance of the working surface of 

metallurgical equipment] // Tyajeloe mashinostroenie [Heavy engineering], (9). 14-20 (in Russ). 

[4] Botnikov, S. A., Ryapolov, A. G., (2015). Tehnicheskie resheniya dlya proizvodstva kachestvennoi neprerivnolitoi zagotovki 

iz trubnoi, sortovoi i kolesnoi stalei [Technical solutions for the production of high-quality continuous cast billets from 

pipe, bar and wheel steels] // Chernaya metallurgiya. Byulleten nauchno-tehnicheskoi i ekonomicheskoi informacii 

[Ferrous metallurgy. Bulletin of scientific, technical and economic information], 3. 42–46 (in Russ). 

[5] Beisembetov, I.K., Nusupov, K.K., Beisenkhanov, N.B. et al. Synthesis of SiC thin films on Si substrates by ion-beam 

sputtering. J. Synch. Investig. 9, 392–399 (2015). (In Eng.).  https://doi.org/10.1134/S1027451015010267 

[6] Chen, X., Jiang, Z., Liu, F., Yu, J., Chen, K. (2017) Effect of Melt Rate on Surface Quality and Solidification Structure of 

Mn18Cr18N Hollow Ingot during Electroslag Remelting Process // Steel Research International, 88(2), 188–196 (In Eng.). 

https://doi.org/10.1002/srin.201600186. 

[7] Churkin, B. S., Ushenin, V. V., Panchuk, A. G., Gofman, E. B. (1996). Issledovanie formirovaniya usadochnoi rakovini v 

https://www.ektu.kz/departments/sc_miopi.aspx
https://orcid.org/0000-0002-0626-6139
https://orcid.org/0000-0002-0626-6139
https://e.mail.ru/compose/?mailto=mailto%3avalentina_salina@mail.ru
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57190678324&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57191269081&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57220095210&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57191270072&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57191272395&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84988530863&origin=resultslist&sort=plf-f&src=s&st1=zhakupov&st2=a.n.&nlo=1&nlr=20&nls=count-f&sid=2480d273d06f4ae48fb96d1eee0d6dfb&sot=anl&sdt=aut&sl=40&s=AU-ID%28%22Zhakupov%2c+Alibek+N.%22+57191269081%29&relpos=3&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84988530863&origin=resultslist&sort=plf-f&src=s&st1=zhakupov&st2=a.n.&nlo=1&nlr=20&nls=count-f&sid=2480d273d06f4ae48fb96d1eee0d6dfb&sot=anl&sdt=aut&sl=40&s=AU-ID%28%22Zhakupov%2c+Alibek+N.%22+57191269081%29&relpos=3&citeCnt=0&searchTerm=
https://www.scopus.com/sourceid/19700200831?origin=resultslist
https://www.scopus.com/sourceid/19700200831?origin=resultslist
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57022497600&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=9746615500&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=55652415300&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=55682109600&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57191040565&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84985916498&origin=resultslist&sort=plf-f&src=s&st1=&st2=&sid=0892716865ff1bccb30e92e6f0edac03&sot=b&sdt=b&sl=35&s=TITLE-ABS-KEY+%28hollow+steel+billet%29&relpos=11&citeCnt=3&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84985916498&origin=resultslist&sort=plf-f&src=s&st1=&st2=&sid=0892716865ff1bccb30e92e6f0edac03&sot=b&sdt=b&sl=35&s=TITLE-ABS-KEY+%28hollow+steel+billet%29&relpos=11&citeCnt=3&searchTerm=
https://www.scopus.com/sourceid/28443?origin=resultslist


Комплексное Использование Минерального Сырья. №2 (317), 2021  ISSN-L 2616-6445, ISSN 2224-5243 

29 

krupnoi poloi cilindricheskoi otlivke [Research of the shrinkage cavity formation in a large hollow cylindrical casting] // 

Povishenie kachestva otlivok [Improving the quality of castings]. 26–27 (in Russ). 

[8] Stulov, V.V. (2011). Modelirovanie ohlajdeniya stali v kristallizatorah [Modeling of steel cooling in molds] // Problemy 

mashinostroeniya i nadejnosti mashin [Problems of mechanical engineering and reliability of machines], (1). 73-77 (in 

Russ). 

[9] Kenzhaliev B.K., Kvyatkovsky S. A., Kozhakhmetov S. M., Sokolovskaya L. V., Semenova A. S. (2018). Depletion of waste 

slag of balkhash copper smelter. Kompleksnoe Ispolʹzovanie Mineralʹnogo syrʹâ. 306 (3), 45–53 (In Rus.). 

https://doi.org/10.31643/2018/6445.16 

[10] Zhakupova, A. T., Bogomolov, A. V., Zhakupov, A. N. (2020) The Influence of the Initial Billet on the Mechanical Properties 

of Pipes // IOP Conference Series: Materials Science and Engineering, 969(1), 012033 (In Eng.). 

https://doi.org/10.1088/1757-899x/969/1/012033. 

[11] Levkov, L. Y., Kissel’man, M. A., Shurygin, D. A. (2018) Current State, New Solutions and Prospects for Production of 

ESR Hollow Ingots in Russia // Metallurgist, 62(7-8). 738–752 (In Eng.). https://doi.org/10.1007/s11015-018-0716-9. 

[12] Parshin, V. M., Smolyakov, A. S., Khrebin, V. N., Zhikharev, P. Y. (2012) Production of hollow continuous-cast billet for 

seamless pipe // Steel in Translation. 42(12). 825–829 (In Eng.). https://doi.org/10.3103/s0967091212120091. 

[13] Panichkin A.V., Kenzhaliyev B.K., Kenzhegulov A.K., Imbarova A.T., Кarboz Zh.A., Shah A. The effect of the catalytic layer 

composition on the hydrogen permeability of assymetric tantalum-based membranes]. Kompleksnoe Ispol’zovanie 

Mineral’nogo Syr’a. = Complex Use of Mineral Resources = Mineraldik Shikisattardy Keshendi Paidalanu. 2020. № 4 (315), 

pp. 82-95. (In Eng.). https://doi.org/10.31643/2020/6445.40  

Литература 

[1] Быков, П. О. (2011). Снижение центральной пористости непрерывнолитого слитка за счет комплексного 

воздействия на процесс кристаллизации // Наука и техника Казахстана, (3–4). 7–10. 

[2] Bogomolov, A. V., Zhakupov, A. N., Kanayev, A. T., Sikach, I. A., Tugumov, K. K. (2016). Comparative Structural Strength 

Research of Hardened Carbon Steel and Hot-Rolled Alloy Steel // IOP Conference Series: Materials Science and 

Engineering, 142(1). 012076. https://doi.org/10.1088/1757-899x/142/1/012076. 

[3] Котельников, А. Б., Вопнерук, А. А., Макаров, А. В., Коробов, Ю. С., Киричков, А. А., Дагман, А. И., Шифрин, И. Н. 

(2018). Новые материалы и технологии существенного повышения износостойкости рабочей поверхности 

металлургического оборудования // Тяжелое машиностроение, (9), 14-20. 

[4] Ботников, С. А., Ряполов А. Г. (2015) Технические решения для производства качественной непрерывнолитой 

заготовки из трубной, сортовой и колесной сталей // Черная металлургия. Бюллетень научно-технической и 

экономической информации, 3. 42–46. 

[5] Beisembetov, I.K., Nusupov, K.K., Beisenkhanov, N.B. et al. Synthesis of SiC thin films on Si substrates by ion-beam 

sputtering. J. Synch. Investig. 9, 392–399 (2015). https://doi.org/10.1134/S1027451015010267 

[6] Chen, X., Jiang, Z., Liu, F., Yu, J., Chen, K. (2017) Effect of Melt Rate on Surface Quality and Solidification Structure of 

Mn18Cr18N Hollow Ingot during Electroslag Remelting Process // Steel Research International, 88(2), 188–196. 

https://doi.org/10.1002/srin.201600186. 

[7] Чуркин, Б. С., Ушенин, В. В., Панчук, А. Г., & Гофман, Э. Б. (1996). Исследование формирования усадочной раковины 

в крупной полой цилиндрической отливке //Повышение качества отливок. 26–27. 

[8] Стулов, В. В. (2011). Моделирование охлаждения стали в кристаллизаторах // Проблемы машиностроения и 

надежности машин, (1). 73-77. 

[9] Кенжалиев Б. К., Квятковский С. А., Кожахметов С. М., Соколовская Л. В., Семенова А. С. (2018). Обеднение 

отвальных шлаков балхашского медеплавильного завода. Комплексное использование минерального сырья. 

(Complex Use of Mineral Resources). 306 (3), 45–53. https://doi.org/10.31643/2018/6445.16 

[10] Zhakupova, A. T., Bogomolov, A. V., Zhakupov, A. N. (2020) The Influence of the Initial Billet on the Mechanical Properties 

of Pipes // IOP Conference Series: Materials Science and Engineering, 969(1), 012033. https://doi.org/10.1088/1757-

899x/969/1/012033. 

[11] Levkov, L. Y., Kissel’man, M. A., Shurygin, D. A. (2018) Current State, New Solutions and Prospects for Production of 

ESR Hollow Ingots in Russia // Metallurgist, 62(7-8). 738–752. https://doi.org/10.1007/s11015-018-0716-9. 

[12] Parshin, V. M., Smolyakov, A. S., Khrebin, V. N., Zhikharev, P. Y. (2012) Production of hollow continuous-cast billet for 

seamless pipe // Steel in Translation. 42(12). 825–829. https://doi.org/10.3103/s0967091212120091. 

[13] Panichkin A.V., Kenzhaliyev B.K., Kenzhegulov A.K., Imbarova A.T., Кarboz Zh.A., Shah A. The effect of the catalytic layer 

composition on the hydrogen permeability of assymetric tantalum-based membranes]. Kompleksnoe Ispol’zovanie 

Mineral’nogo Syr’a. = Complex Use of Mineral Resources = Mineraldik Shikisattardy Keshendi Paidalanu. 2020. № 4 (315), 

pp. 82-95. https://doi.org/10.31643/2020/6445.40 

https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57220591081&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57190678324&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57191269081&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85097432843&origin=resultslist&sort=plf-f&src=s&st1=zhakupov&st2=a.n.&nlo=1&nlr=20&nls=count-f&sid=025bb60bf447610fbbb8f3ba20198cb2&sot=anl&sdt=aut&sl=40&s=AU-ID%28%22Zhakupov%2c+Alibek+N.%22+57191269081%29&relpos=0&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85097432843&origin=resultslist&sort=plf-f&src=s&st1=zhakupov&st2=a.n.&nlo=1&nlr=20&nls=count-f&sid=025bb60bf447610fbbb8f3ba20198cb2&sot=anl&sdt=aut&sl=40&s=AU-ID%28%22Zhakupov%2c+Alibek+N.%22+57191269081%29&relpos=0&citeCnt=0&searchTerm=
https://www.scopus.com/sourceid/19700200831?origin=resultslist
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=6602410828&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=36652831700&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=55618648000&zone=
https://www.scopus.com/sourceid/27360?origin=resultslist
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=7006120594&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=7003470170&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=6602585767&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=55615763900&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84876049607&origin=resultslist&sort=plf-f&src=s&nlo=&nlr=&nls=&sid=68583ec1f554a3e2e65cb57e71878a12&sot=b&sdt=b&sl=35&s=TITLE-ABS-KEY+%28hollow+steel+billet%29&relpos=26&citeCnt=2&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84876049607&origin=resultslist&sort=plf-f&src=s&nlo=&nlr=&nls=&sid=68583ec1f554a3e2e65cb57e71878a12&sot=b&sdt=b&sl=35&s=TITLE-ABS-KEY+%28hollow+steel+billet%29&relpos=26&citeCnt=2&searchTerm=
https://www.scopus.com/sourceid/4900153101?origin=resultslist
https://doi.org/10.3103/s0967091212120091
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57190678324&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57191269081&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57220095210&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57191270072&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57191272395&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84988530863&origin=resultslist&sort=plf-f&src=s&st1=zhakupov&st2=a.n.&nlo=1&nlr=20&nls=count-f&sid=2480d273d06f4ae48fb96d1eee0d6dfb&sot=anl&sdt=aut&sl=40&s=AU-ID%28%22Zhakupov%2c+Alibek+N.%22+57191269081%29&relpos=3&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84988530863&origin=resultslist&sort=plf-f&src=s&st1=zhakupov&st2=a.n.&nlo=1&nlr=20&nls=count-f&sid=2480d273d06f4ae48fb96d1eee0d6dfb&sot=anl&sdt=aut&sl=40&s=AU-ID%28%22Zhakupov%2c+Alibek+N.%22+57191269081%29&relpos=3&citeCnt=0&searchTerm=
https://www.scopus.com/sourceid/19700200831?origin=resultslist
https://www.scopus.com/sourceid/19700200831?origin=resultslist
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57022497600&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=9746615500&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=55652415300&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=55682109600&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57191040565&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84985916498&origin=resultslist&sort=plf-f&src=s&st1=&st2=&sid=0892716865ff1bccb30e92e6f0edac03&sot=b&sdt=b&sl=35&s=TITLE-ABS-KEY+%28hollow+steel+billet%29&relpos=11&citeCnt=3&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84985916498&origin=resultslist&sort=plf-f&src=s&st1=&st2=&sid=0892716865ff1bccb30e92e6f0edac03&sot=b&sdt=b&sl=35&s=TITLE-ABS-KEY+%28hollow+steel+billet%29&relpos=11&citeCnt=3&searchTerm=
https://www.scopus.com/sourceid/28443?origin=resultslist
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57220591081&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57190678324&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57191269081&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85097432843&origin=resultslist&sort=plf-f&src=s&st1=zhakupov&st2=a.n.&nlo=1&nlr=20&nls=count-f&sid=025bb60bf447610fbbb8f3ba20198cb2&sot=anl&sdt=aut&sl=40&s=AU-ID%28%22Zhakupov%2c+Alibek+N.%22+57191269081%29&relpos=0&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85097432843&origin=resultslist&sort=plf-f&src=s&st1=zhakupov&st2=a.n.&nlo=1&nlr=20&nls=count-f&sid=025bb60bf447610fbbb8f3ba20198cb2&sot=anl&sdt=aut&sl=40&s=AU-ID%28%22Zhakupov%2c+Alibek+N.%22+57191269081%29&relpos=0&citeCnt=0&searchTerm=
https://www.scopus.com/sourceid/19700200831?origin=resultslist
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=6602410828&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=36652831700&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=55618648000&zone=
https://www.scopus.com/sourceid/27360?origin=resultslist
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=7006120594&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=7003470170&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=6602585767&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=55615763900&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84876049607&origin=resultslist&sort=plf-f&src=s&nlo=&nlr=&nls=&sid=68583ec1f554a3e2e65cb57e71878a12&sot=b&sdt=b&sl=35&s=TITLE-ABS-KEY+%28hollow+steel+billet%29&relpos=26&citeCnt=2&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84876049607&origin=resultslist&sort=plf-f&src=s&nlo=&nlr=&nls=&sid=68583ec1f554a3e2e65cb57e71878a12&sot=b&sdt=b&sl=35&s=TITLE-ABS-KEY+%28hollow+steel+billet%29&relpos=26&citeCnt=2&searchTerm=
https://www.scopus.com/sourceid/4900153101?origin=resultslist
https://doi.org/10.3103/s0967091212120091

