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IMPROVEMENTS IN THE MANUFACTURING 

TECHNOLOGY OF PIPELINE VALVE CASTINGS 

О. Рудий, Т. Лисенко, М. Замятін, В. Доценко, А. Прокоф’єва. Удосконалення технології виготовлення виливків 

трубопровідної арматури. Надійність експлуатації систем транспортування рідин та газів безпосередньо залежить від якості 

трубопровідної арматури. Традиційні технології виготовлення виливків із сірого чавуну марки СЧ250 не завжди забезпечують 
стабільність цих характеристик, що призводить до значного відсотка браку через негерметичність або недостатню міцність під час 

пікових навантажень. Тому пошук оптимальних методів легування та модифікації чавуну є критично важливим завданням для 

сучасного ливарного виробництва. Метою дослідження є підвищення експлуатаційних характеристик та зниження відсотка браку 
виливків трубопровідної арматури шляхом удосконалення технологічних процесів позапічної обробки розплаву із застосуванням 

комплексного впливу легуючих та модифікуючих добавок. В роботі використано метод багатофакторного планування 

експерименту. Для підтвердження отриманих результатів проведено комплексний металографічний аналіз структури чавуну. В ході 
дослідження отримано математичні моделі у вигляді рівнянь регресії, які адекватно описують залежність міцності та герметичності 

від концентрації добавок. Встановлено, що введення мідно-фосфористого сплаву сприяє перлітизації матриці та подрібненню 

графітових включень, що позитивно позначається на щільності виливків. Визначено оптимальний діапазон введення компонентів. 
Це дозволяє досягти стабільних значень міцності на рівні, що перевищує вимоги для СЧ250, одночасно знижуючи брак за 

герметичністю у 1,5…2 рази. Вперше кількісно описано синергетичний ефект спільного застосування мідно-фосфористого сплаву 

та магнієвмісного модифікатора для тонкостінних виливків складної конфігурації. Доведено вплив цих елементів на формування 
щільної структури, здатної витримувати високий гідравлічний тиск без просочування робочого середовища. Результати 

дослідження впроваджено у технологічний процес виготовлення корпусних деталей арматури, що дозволило оптимізувати витрати 

на дорогі добавки та суттєво підвищити вихід придатного лиття. Запропонована технологія є універсальною і може бути 
адаптована для виробництва інших типів відповідальних виливків, що працюють під тиском. 
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експеримент 

O. Rudyi, T. Lysenko, M. Zamiatin, V. Dotsenko, A. Prokofieva. Improvements in the Manufacturing Technology of Pipeline 

Valve Castings. The operational reliability of liquid and gas transportation systems directly depends on the quality of pipeline valves. 
Traditional manufacturing technologies for gray cast iron castings of Grade 250 (SCh250) do not always ensure the stability of these 

characteristics, resulting in a significant percentage of rejects due to leakage or insufficient strength under peak loads. Therefore, searching 

for optimal methods of alloying and modifying cast iron is a critical task for modern foundry production. The study aims to improve the 
performance characteristics and reduce the scrap rate of pipeline valve castings by enhancing the technological processes for out-of-furnace 

melt treatment through the combined influence of alloying and modifying additives. The multi-factor experimental design method was 

employed in this work. To confirm the results, a comprehensive metallographic analysis of the cast iron structure was conducted. During the 
study, mathematical models in the form of regression equations were obtained, which adequately describe the dependence of strength and 

pressure tightness on additive concentrations. It was established that introducing a copper-phosphorus alloy promotes matrix pearlitization 

and the refinement of graphite inclusions, thereby improving casting density. The optimal range for component addition was determined. 
This enables stable strength values that exceed the requirements for gray cast iron Grade 250 (SCh250), while simultaneously reducing 

leakage-related rejects by 1.5…2 times. For the first time, the synergistic effect of the joint application of a copper-phosphorus alloy and a 

magnesium-containing modifier in thin-walled castings with complex configurations is quantitatively described. The influence of these 
elements on the formation of a dense structure capable of withstanding high hydraulic pressure without seepage of the working medium was 

proven. The research results were implemented in the manufacturing process for valve body parts, allowing for cost optimization of 

expensive additives and a significant increase in the yield of sound castings. The proposed technology is universal and can be adapted to 
produce other types of critical pressure-tight castings. 

Keywords: gray cast iron, pipeline valves, modification, leak-tightness, strength, microstructure, multi-factorial experiment 

 

1. Introduction 

The reliability and durability of hydraulic equipment largely depend on the quality of cast iron 

parts, the vast majority of which operate under difficult, specific friction conditions at sufficiently high 

working-medium pressures. Cast iron parts operating under difficult conditions are subject to several 

specific, rather stringent quality requirements. The material of pipeline fitting castings must have suf-

ficient strength. Sufficient strength of the casting material must be combined with high tightness. Ex-

tremely strict requirements are put forward for the quality of castings in terms of the absence of cast-
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ing defects, especially shells and porosity of shrinkage origin, which contribute to the violation of the 

tightness of the part. Castings made of gray cast iron Grade 250 (SCh250) used for the production of 

pipeline fittings (valves, valves, gates, taps) must meet strict technical standards for chemical compo-

sition and mechanical properties. Strict requirements are put forward for the structure and tightness of 

castings [1, 2]. Research on improving the technology for manufacturing pipeline-fitting castings with 

greater tightness is highly relevant to production. 

2. Literature analysis  

The analysis of the scientific literature indicates that researchers pay significant attention to the prob-

lems of modification and microalloying of cast irons to increase the complexity of the mechanical and op-

erational properties of cast parts, particularly pipeline fittings. The key areas are the transition from lamellar 

graphite to vermicular graphite using magnesium-containing modifiers (FeSiMg) and the strengthening of 

the metal matrix with copper (in the form of copper-phosphorus alloys), which provides a combination of 

high strength, tightness, and reduced porosity. In the papers [3, 4], the microstructural mechanisms of the 

mechanical behavior of VG iron (cast iron with vermicular graphite) are studied in detail. The authors 

showed that the vermicular form of graphite (with a vermicularity of 80…90%) in the pearlite matrix sig-

nificantly increases strength compared to the lamellar graphite of gray cast iron, but requires precise control 

of graphite anisotropy and avoidance of degeneration into a spheroidal shape. Similar conclusions are pre-

sented in [5], which found that microadditives (Ti, Cu) in thin-walled castings with VG iron optimize the 

microstructure and mechanical properties. Research [6, 7]. confirm that the Mg content in the range of 

0.011…0.016% provides a transition to vermicular graphite, increasing hardness, tensile strength (up to 

450 MPa) and wear resistance, while reducing the porosity of shrinkage origin. The authors used neural 

networks to predict properties as functions of Mg and the carbon equivalent. 

The effect of copper as a microalloying element has been analyzed in detail in works [10, 11]. Copper 

(0.2…1.0%) stabilizes the pearlite matrix, increases hardness and wear resistance, inhibits the formation of 

cementite, and improves the tightness of castings. An excess of Cu (>1.5…2.0%) leads to the formation of 

phosphide eutectics and a decrease in plasticity. The synergistic effect of the combined modification of Mg 

and Cu has been studied in papers [8, 9, 12]. The authors showed that the optimal combination (Mg 

0.01…0.02%, Cu 0.6…0.8%) enables the formation of vermicular graphite in a high-pearlite matrix 

(80…90%), which provides a strength of 300…450 MPa, high fatigue resistance, and minimal porosity. 

This is especially important for pipe fittings and valve castings. Ukrainian and Eastern European Studies 

[13, 14]. confirm the efficacy of FeSiMg and NiMg modifiers in combination with Cu for high-strength 

pearlite cast irons. It has been shown that introducing 1.5…1.7 kg/t FeSiMg and 0.2…0.22 kg/t copper-

phosphor alloy optimizes the structure of reinforcement parts. Authors [15, 16] focus on the use of VG iron 

in plumbing fittings and valves: vermicular graphite provides higher tightness under pressure and better 

casting properties than ductile iron. Thus, the analysis of literature sources confirms the prospects of com-

bined modification of FeSiMg and CuP9 for gray cast iron Grade 250 (SCh250). 

The purpose of this work is to determine the rational parameters of the technology of modifica-

tion and microalloying, which provide an increase in the strength and tightness of castings of pipeline 

fittings made of gray cast iron Grade 250 (SCh250). 

3. Research methodology  

Experimental studies were carried out in the conditions of the BMZ “Progress”. Pig iron was 

melted in an induction furnace with an acid lining with a capacity of 1 ton.  

The composition of the charge is given in Table 1.  

According to the results of the express analysis, the chemical composition of the metal was cor-

rected, if necessary, by introducing alloying elements to ensure the chemical composition of the cast-

ing. The recommended chemical composition of cast iron is shown in Table 2. 

The temperature of metal release from the furnace was 1400…1450 °C. Release was carried out 

in a bucket with a capacity of 400 kg heated to 250…300 °C. Before release, replaceable components 

were introduced to the bottom of the bucket according to the experiment plan: copper-phosphorous 

alloy CuP9 (GOST 4759-91) and FeSiMg modifier (6% Mg) with a fraction of 1…5 mm. The temper-

ature of pouring molds was 1320…1380 °C. 

The molds were made on the FOROMAT-40 automatic line from a single sand-clay mixture. The 

rods were manufactured on the CTSX 12 machine using the Cold-box process and NOVANOL resin. 
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Table 1 

The composition of the charge  

Table 2 

Chemical composition 

Cast iron Grade 

Mass fraction of elements, % 

C Si Mn 
P S 

no more than 

250 3.2…3.4 1.4…2.2 0.7…1.0 0.2 0.15 

 

To study the influence of technological parameters, a multifactorial experiment was implement-

ed. The input factors are: 

X1 – quantity of copper-phosphate alloy grade CuP9, kg/t (range of variation: 0...0.25); 

X2 – amount of FeSiMg modifier (Mg − 6%), kg/t (range of variation: 0...2).  

The response functions were:  

Y1 – metal strength, MPa; 

Y2 – tightness, evaluated by the number of defective castings when tested with a pressure of 1.25 

MPa (20 pcs. from each smelt). 

13 series of experiments were carried out (Table 3). The microstructure of the metal was exam-

ined using optical microscopy. 

4. Results of the study and their discussion  

As a result of the experiments, data characterizing the influence of the studied factors on the 

properties of cast iron were obtained (Table 3). 

The results of the experiment are shown in Table 3. 

Statistical processing of the results was performed using a second-order polynomial model. The 

following regression equations are obtained: 

For durability (Y1): 

 Y1=252.8−3.41X1+32.24X2+176.14X12+9.37X22+137.57X1X2. 

The coefficient of determination, R² = 0.964, indicates the high accuracy of the model's fit to the 

experimental data. 

For tightness (Y2): 

 Y2=1.91+0.41X1−0.56X2−2.54X12+0.03X22−5.10X1X2. 

R² = 0.932. Verification according to the Fisher criterion confirmed the adequacy of the resulting 

model. 

Analysis of the equations and data in Table 3 shows that the FeSiMg modifier (X2) has a decisive ef-

fect on strength, facilitating the transition from lamellar to vermicular and spherical graphite forms (exper-

iments 1 − 5, 13). The copper-phosphorus alloy (X1) primarily affects the structure of the metal matrix, 

increasing the proportion of perlite, but its excess (more than 0.2 kg/t) in the absence of a modifier leads to 

the formation of brittle phosphide eutectics (experiment 9), which negatively affects tightness. 

 

No  Material name Grade GOST  Mass fate in the charge 

1 
Own Production turnover 250 DSTU 8833:2019 27.2 

2 Cast iron scrap 17А 2787-75 61 

3 Steel scrap  1А 2787-75 9.8 

4 Alloy steel scrap 1А 2787-75 1.0 

5 Electrode waste RP 4426-80 0.75 

6 Ferromanganese FeMn65 4755-80 0.25 

7 Ferrosilicon FeSi75    1415-78 1.0 

 Total:   100 

9 Copper-phosphor alloy CuP9 4759-91 0.2 
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Table 3 

Effect of studied factors on cast iron properties  

Experiment 

No. 

X1 

(FeSiMg 

modifier, kg) 

X2 

(copper-phosphate 

alloy CuP9, kg) 

Y1 

(strength, MPa) 

Y2 

(Final defect, pcs.) 
Metal structure 

 

1 2 3 4 5 6 

1 0 0 252 2 
Ferrito-pearlite, lamellar 

graphite 

2 0 0.5 255 1 Fine-plate graphite 

3 0 1.0 265 2 
Partially vermicular 

graphite 

4 0 1.5 290  
Partially vermicular 

graphite 

5 0 2.0 360 1 
Predominantly spherical 

graphite 

6 0.10 0 255 2 
Mostly pearlite, fine 

graphite 

7 0.15 0 260 1 Pearlite, ferrite reduction 

8 0.20 0 265 2 

Fine-feathered, the be-

ginning of formation 

Fe₃P 

9 0.25 0 270 2 
Phosphide eutectics at 

grain boundaries 

10 0.10 0.5 265 1 
Fine-plate graphite, 

perlite ≈80% 

11 0.15 1.0 280 0 
Partially vermicular 

graphite, perlite ≈90% 

12 0.20 1.5 295 0 
Vermicular graphite 

(transition structure) 

13 0.25 2.0 340 0 Mostly spherical graphite 

 

The best tightness indicators (0 defective castings) are achieved with the simultaneous introduc-

tion of both components (experiments 11 − 13), which indicates a synergistic effect of their action. 

The formation of a vermicular or spherical shape of graphite in combination with a high-pearlite 

(80…90%) matrix provides not only high strength, but also the density of the metal. 

To assess the nature of the influence of factors and determine the optimal parameters, visualiza-

tion was carried out in the form of response surfaces (Fig. 1) and contour graphs (Fig. 2). The con-

structed response surface indicates the presence of a pronounced nonlinearity of the process, which is 

due to significant coefficients for quadratic terms and the interaction of factors. The contour plot 

shows the complex nature of the distribution of the function's values, indicating a significant interac-

tion between the factors X1 and X2. The contour graph shows the complex nature of the distribution 

of the function's values, indicating a significant interaction between factors X1 and X2. 

  

а b 

Fig. 1. Response surfaces: surface Y1 – strength (a); surface Y1 – tightness (b) 
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а b 

 
с 

Fig.2. Contour graphs: contour graph Y1 (a); contour plot Y2 (b); superimposed lines (contour plot Y1 and 

contour plot Y2) (c) 

Using the method of multi-criteria optimization (with weight factors of 0.6 for strength and 0.4 

for tightness), a rational range of technological parameters was determined: 

 X1 (CuP9) = 0.20…0.22 kg/t; 

 X2 (FeSiMg) = 1.5…1.7 kg/t. 

The predicted properties in this interval are: strength 310…330 MPa, tightness defect 0…1 pcs. 

of 20 pcs. The achieved level of strength corresponds to cast iron with vermicular graphite (VG), 

which significantly exceeds the basic indicators of gray cast iron Grade 250 (SCh250). 

5. Conclusions 

It has been established that in order to increase the complex of mechanical and operational prop-

erties of castings of pipeline fittings made of cast iron Grade 250 (SCh250), combined modification 

with magnesium and copper is effective. 

Adequate mathematical models have been developed that quantitatively describe the effects of 

the amount of copper-phosphorus alloy (CuP9) and the FeSiMg modifier on the strength and tightness 

of cast iron. It is shown that the modifier has a decisive effect on the shape of graphite, and copper on 

the matrix structure. 

The rational parameters of the technology have been determined: the introduction of 0.20…0.22 

kg/t of CuP9 alloy and 1.5…1.7 kg/t of the FeSiMg modifier. This ensures the formation of an optimal 

structure (vermicular/spherical graphite in a pearlite matrix) and allows the attainment of a strength of 

310…330 MPa while maintaining high tightness of the metal. 

The introduction of the proposed melt treatment modes into the production process will improve 

the quality and reliability of cast parts of pipeline fittings, and reduce the percentage of defects due to 

tightness. 
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