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Abstract:  This article discusses the use of high-tech methods to optimize the production process of manufacturing 

polyethylene products by rotary molding. Special emphasis is placed on non-destructive testing methods, 

which are most effective in terms of reliability, non-waste, labor intensity and time costs. From a wide variety 

of traditional methods of non-destructive testing, ultrasonic flaw detection was chosen for the study, which is 

due to the presence of reliable identification properties of the ultrasonic bottom signal. One of these 

parameters is the temperature stability coefficient (TCS), determined by the influence of polyethylene 

temperature on the amplitude of the bottom signal. TCS is considered as one of the identifiers of the plastic 

brand, defects determined by incomplete sintering and thermal oxidative degradation of plastic, which have a 

significant impact on product quality. The authors propose a formula based on probabilistic-deterministic 

planning, taking into account the combined effect of the internal peak air temperature (PIAT) and the thickness 

of the plastic on the TS, the formula demonstrates high reliability, estimated by the coefficient of nonlinear 

multiple correlation. The use of non-destructive testing methods in the production of polymer products by 

rotary molding allows us to guarantee high quality products and prevent possible breakdowns and accidents 

during operation. This article is an important contribution to the field of quality control of polymer products 

and opens up new opportunities for optimizing production processes.

1 INTRODUCTION 

In the last few years, the process of processing 

polymer materials has undergone significant changes, 

especially due to the introduction of digital 

technologies. One of the leading trends in this field is 

the integration of complex technologies, methods and 

tools aimed at ensuring reliability, flexibility and 

optimization of production processes. In terms of 

product quality control, preference is given to non-

destructive methods, as they help to save resources, 

eliminating the risk of damage to entire parts, devices 

and mechanisms. Even in the production of hollow 
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plastic products by rotary molding, more effective 

methods of detecting product defects are required. 

     Rotary molding is a unique process that takes 

place at high temperature, low pressure and low shear 

force for the production of hollow plastic products  

(Zhanibekov, Brilkov, 2023; Сrawford, Throne, 

2002; Ogila, Shao, Yang, Tan, 2017). Currently, the 

Russian Federation is a rapidly growing sector of the 

polymer processing industry. Products obtained by 

the rotary molding method from plastics are 

characterized by a long service life, chemical 

resistance and low cost (Gupta, Ramkumar, Sangani, 

2020; Hanana, Rodrigue, 2015; Vázquez Fletes, 



Cisneros López, Moscoso Sánchez, Mendizábal, 

González Núñez, Rodrigue, Ortega Gudiño, 2020). 

Currently, the development of new formulations 

based on various polymers (Sezemský, Špatenka, 

2021; Ruiz–Silva, Rodríguez–Ortega, Rosales–

Rivera, Moscoso–Sánchez, Rodrigue, González–

Núñez, 2021; Vignali, Iannace, Falcone, Utzeri, 

Stagnaro, Bertini, 2019) and fillers for rotary molding 

is carried out at an accelerated pace, so compositions 

with clay (Greco, Ferrari, Buccoliero, Trono, 2019; 

Daryadel, Azdast, Khatami, Moradian, 2021), quartz 

(Aniśko, Barczewski, Piasecki, Skórczewska, Szulc, 

Szostak, 2022), galloisite (Głogowska, Pączkowski, 

Samujło, 2022), fiberglass or powder (Sangeetha, 

Gopinath, Prithivirajan, Girish Chandran, Manoj 

Kumar, 2020; Gupta, Ramkumar, 2021), copper slag 

(Chang, Harkin–Jones, Kearns, McCouri, 2011) or 

graphite (Ghanem, Šourkova, Sezemský,  Špatenka, 

2022; Barczewski, Hejna, Aniśko, Andrzejewski, 

Piasecki, Mysiukiewicz, Bąk, Gapiński, Ortega, 

2022) are proposed. During rotary molding, the raw 

material is distributed over the inner surface of the 

cavity of the rotating mold, and simultaneous heating 

of the mold causes its melting with the formation of a 

thin coating in the form of a shell (Fig.2) (Vignali, 

Iannace, Falcone, Utzeri, Stagnaro, Bertini, 2019; 

Aniśko, Barczewski, Piasecki, Skórczewska, Szulc, 

Szostak, 2022). 

The quality of polyethylene parts manufactured 

by rotary molding is determined by two main 

negative factors: insufficient sintering and thermal 

oxidative degradation (Gulmine, Janissek, Heise, 

Akcelrud, 2003; Cramez, Oliveira, Fakirov, 

Crawford, Apostolov, Krumova, 2001; Hiejima, 

Kida, Takeda, Igarashi, Nitta, 2018). Incomplete 

sintering is associated with an insufficient degree of 

fusion of polyethylene powder. Thermal oxidative 

degradation occurs when products overheat. During 

the melting process of polyethylene powder, liquid 

bridges are formed between its particles, which can 

trap air bubbles. These bridges should collapse in the 

subsequent stage of compaction at moderate 

temperatures, above the melting point of the material 

(more than 135 degrees Celsius). If the bubbles are 

not removed, the finished parts will have 

unsatisfactory mechanical characteristics. In addition, 

when the products overheat, thermal oxidative 

degradation of polyethylene occurs, which also 

significantly worsens its mechanical properties. 

Thermal oxidative degradation can lead to color loss 

and a reduction in the service life of hollow 

polyethylene structures. 

Today, despite the high resource costs, many 

enterprises engaged in the production of plastic 

products by rotary molding still adhere to traditional 

quality control methods based on destructive tests. 

The measurement of impact strength is the most 

important parameter that allows you to identify 

product defects associated with incomplete sintering 

and thermal destruction of the material. Analysis of 

other parameters such as tensile strength, modulus of 

elasticity, elongation at fracture and yield strength are 

also used. However, none of these tests guarantees 

absolutely accurate results, and a small number of 

products from the batch are usually used as test 

samples to check the quality. This process may take 

several hours before a conclusion can be made about 

the acceptability of the production parameters. To 

increase the reliability, accuracy and speed of quality 

control of polyethylene products, the use of non-

destructive methods is becoming increasingly 

important. 

Non-destructive testing methods include: 

magnetic (based on the analysis of the interaction of 

the magnetic field with the controlled object), electric 

(based on the registration of the parameters of the 

electric field interacting with the controlled object or 

arising in the controlled object as a result of external 

influence, eddy current (based on the analysis of the 

interaction of the electromagnetic field of the eddy 

current converter with the electromagnetic field of 

eddy currents induced in controlled object), radio 

wave (based on registration of changes in the 

parameters of electromagnetic waves of the radio 

range interacting with the controlled object), thermal 

(based on registration of changes in thermal or 

temperature fields of controlled objects caused by 

defects), optical (based on registration of parameters 

of optical radiation interacting with the controlled 

object), radiation (based on registration and analysis 

of penetrating ionizing radiation after interaction with 

a controlled object), acoustic (based on the 

registration of elastic wave parameters, excited or 

arising in the controlled object), vibroacoustic (based 

on the registration of the parameters of the 

vibroacoustic signal that occurs during the operation 

of the controlled object). In general, the use of non-

destructive testing methods for the control of plastic 

products obtained by rotary molding allows us to 

ensure high quality products and prevent possible 

breakdowns and accidents during operation. 

Out of all the variety of existing methods of non-

destructive testing, the scientific and technical 

literature describes the use of two main methods for 

assessing the quality of plastic products produced by 

rotary molding: acoustic (ultrasonic) (Tyukanko, 

Demyanenko, Semenyuk, Dyuryagina, Alyoshin, 

Tarunin, Voropaeva, 2023) and visual inspection. 



      The ultrasonic method of non-destructive testing 

is widely used to assess the thickness of manufactured 

products, such as barrels, pools and others. Ultrasonic 

thickness gauges from various manufacturers are 

used in this method. Ultrasonic flaw detection is a set 

of non-destructive testing methods that use ultrasonic 

waves to detect defects in products. The data obtained 

is then analyzed to determine the shape of the defects, 

their size, depth and other characteristics. 

      These methods allow for more accurate and 

reliable quality control of plastic products produced 

by rotary molding, and prevent possible defects and 

breakdowns during operation. The ultrasonic method 

of detecting incomplete sintering of polyethylene in 

products manufactured by rotary molding, through 

the analysis of the amplitude of the bottom signal, 

carried out using the flaw detector USD-60, is an 

interesting solution. It is based on the transmission of 

an ultrasonic signal using a contact pad pressed 

tightly against the plastic. The reflected bottom 

signal, represented as a radio pulse with a deviation 

frequency, contains important information 

parameters, such as the thickness of the product, the 

propagation speed of the ultrasonic signal and its 

amplitude. 

      However, it is important to note that 
this method does not allow to accurately 
determine the branching of chains and the 
formation of cross-links between 
crystallites, which is typical for the thermal 
oxidative degradation of polyethylene. Also, 
in (Gaisin, Tyukanko, Dem’yanenko, 2021), no 
studies were carried out on the dependences 
of the amplitude of the bottom signal on the 
thickness and temperature of polyethylene. 
In (Tyukanko, Demyanenko, Semenyuk, 

Dyuryagina, Alyoshin, Tarunin, Voropaeva, 2023), 
ultrasound studies of mirror-shadow 
methods were carried out in order to 
determine the effect of temperature, 
thickness, PIAT on the spectrum of the third 
harmonic of the ultrasonic signal at a 
frequency of 3.75 MHz. It was found that for 
samples with thermo-oxidative degradation, 
the amplitude coefficient of the third 
harmonic is greater than for samples with 
normal and incomplete sintering. 
Incomplete sintering samples are 
characterized by an increase in the noise 
level with an increase in the heating 
temperature of the plastic. In (Tyukanko, 

Demyanenko, Semenyuk, Dyuryagina, Alyoshin, 

Tarunin, Voropaeva, 2023), the parameter of the 
ultrasonic signal is derived – the temperature 
coefficient of stability, which shows the 
influence of temperature on the amplitude of 
the bottom signal. This parameter made it 
possible to differentiate the brands of the 
studied polyethylene plastics (ELTEX, 
DOWLEX, M350), but the authors have not 
fully studied the influence of other important 
factors, such as PIAT, plastic thickness, on 
the TCS parameter. To establish 
dependencies and derive the corresponding 
equations for calculating the effect of the 
above-mentioned parameters on TCS from, 
you can use the probabilistic deterministic 
planning (PDP) method. This method is 
similar to the Taguchi method (Zaverl, Misra, 

Mohanty, 2013; Hakimian, Sulong, 2012; Erzurumlu, 

Ozcelik, 2006; Sreenivasulu, 2013) and allows 
you to create multifactorial mathematical 
models, taking into account the influence of 
various parameters on the processes under 
study. This approach is widely used in 
chemical technology to optimize the 
compositions and processing parameters of 
various materials and compositions, and its 
application can be useful for clarifying the 
quality control methods of polyethylene 
products manufactured by rotary molding. A 
detailed description of the process of 
applying the PDP method for modeling 
multiparametric processes is presented in 
(Dyuryagina, Lutsenko, Tyukanko, 2019; 

Dyuryagina, Lutsenko, Ostrovnoy, Tyukanko, 
Demyanenko, Akanova, 2022; Dyuryagina, 
Lutsenko, Demyanenko, Tyukanko, Ostrovnoy, 
Yanevich, 2022; Tyukanko, Dyuryagina, Ostrovnoy, 
2019; Tyukanko, Duryagina, Ostrovnoy, 
Demyanenko, 2017; Ostrovnoy, Dyuryagina , 
Demyanenko, Tyukanko, 2021; Tyukanko, 
Demyanenko, Dyuryagina, Ostrovnoy, Lezhneva, 
2021; Tyukanko, Demyanenko, Dyuryagina, 

Ostrovnoy, Aubakirova, 2022). 

2 MATERIALS AND METHODS 

2.1 Materials 



For research, rotary polyethylene "DOWLEX 

2629UE" (hereinafter "DOW") with a density of 

0.935 g/cm3 was used. 

2.2 Sample preparation 

For the rotary molding process, a model F D 4.0 
machine from Yantai Fengda Rotary Molding Co. 
was used. Ltd (Yantai, China), which was equipped 
with three cubic steel molds and two axes of rotation. 
After the introduction of the required amount of 
polymer, the mold was closed and placed in a 
machine preheated to 300 °C. The mold was kept in 
rotation for 25-35 minutes at a temperature of 300 ° 
C. During the entire process, the internal air 
temperature was controlled by a thermocouple 
through the mold vent. After heating the mold to the 
required values (from 170 to 245 ° C) of the 
maximum internal air temperature (PIAT), the 
cooling process began. The samples were removed 
from the mold at a decrease in the internal air 
temperature to 90 °C. The rotation speed of the main 
axis (lever speed) and the minor axis (plate speed) 
were set to 5 and 9 revolutions per minute, 
respectively. A steel mold with a size of 500 mm × 
500 mm × 500 mm was used. 

The temperature coefficient (TCS, %) was 
determined by the echo pulse method during 
ultrasonic control of the samples. An industrial 
ultrasonic flaw detector USN 60 from Kropus 
(Russia) was used in the research. Before conducting 
studies of the surface of the plastic sample, a layer of 
glycerin was applied to it to improve the transmission 
of the ultrasonic signal. The piezoelectric transducer 
was placed on the surface of the sample treated with 
glycerin. An electric pulse with an amplitude of 200 
V, a filling frequency of 2.5 MHz and a repetition 
frequency of 20 Hz was supplied from the flaw 
detector to the piezoelectric converter. After 
reflection from the opposite plastic wall, a bottom 
signal was recorded on the flaw detector screen, 
which is an important informative parameter. 

In order to heat the DOWLEX polyethylene test 
samples to the desired temperature conditions, they 
were placed for 8 hours in a drying oven SPU SHS-
80-01. This time interval guarantees the heating of the 
plastic to the desired temperature, which is confirmed 
by repeated measurements using the TAINA 
pyrometer, TN350 model.. Four temperature values 
were selected to determine TCS indirectly: 20°C, 
40°C, 60°C and 80°C. 

I have previously measured all the amplitude 
values of the bottom signal under conditions of 
different RE heating temperatures. The average value 
of A. is determined. After TS, it is calculated by the 
formula (2): 

 

𝑇𝑐𝑠 =
𝐴𝑚𝑎𝑥

0,25 ∙ (𝐴1 + 𝐴2 + 𝐴3 + 𝐴4)
∙ 100% 

(1) 

 
where Amax – is the maximum deviation of the 

amplitude of the bottom signal from the arithmetic 

mean; Ai – is the amplitude of the bottom signal under 

conditions of different temperatures of polyethylene 
plastic. 

2.3 Experiment planning 

The following experimental input factors were 

chosen: thickness (S, mm: 7.5, 8.5, 9.5 mm) and 

maximum mold temperature (T, oS: 174, 200 and 

235C). Then we made an orthogonal plan matrix of a 

two-factor 3×3 experiment. Taking into account the 

different number of levels of the two input factors, the 

total number of experiments will be 3*3=9. TCS was 

taken as a response function. The numerical values of 

the levels for each factor are presented in Table 1. 

Table 1: Numerical values of levels for each factor. 

Number 

of 

sample 

Thickness, 

mm 

PIAT, 

°C 

ТCS, 

% 

1 7.5 174 43 

2 7.5 200 30 

3 7.5 235 20 

4 8.5 174 19 

5 8.5 200 19 

6 8.5 235 13 

7 9.5 174 6 

8 9.5 200 6 

9 9.5 235 19 

 

3 RESULTS 

In fig. 1 presents oscillograms from the screen of the 
UCD 60 flaw detector, demonstrating the key 
parameter for determining TCS – the amplitude of the 
bottom signal. Fig 1.a shows an oscillogram of the 
bottom signal characteristic of a sample of plastic 
with a thickness of 8.5 mm of the DOWLEX brand at 
PIAT 174 °C, Fig 1.b - PIAT 200 °C, fig 1.c – PIAT 
235 °C. 

 



 
a 
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Figure 1: Bottom signal waveforms characteristic of 

DOWLEX plastic with a thickness of 8.5 mm under 

conditions of different PIAT values (a - 174°C; b - 200°; c 

- 250°C). 

Fig 2.a shows the effect of DOWLEX plastic 
PIAT on the TCS parameter, and Fig 2.b shows the 
curve of the dependence of TCS on the thickness of 
plastic.. 

 

 
 

Figure 2:  Schedule dependencies Apostille from Apostille 

(Apostille) and plasticine brands Apostille (Apostille). 

As a result of the analysis of the graphs, it was found 

that as the temperature increases (Fig. 2a), TS decreases. 

For example, with an increase in PIAT from 174 to 235 

°C, TCS decreases by 23% (from 43 to 20 with an error 

= 5%) for samples with a thickness of 7.5 mm. 

Moreover, this TCS depression is characteristic of all 

three studied polyethylene thicknesses. For a thickness 

of 8.5mm, depression was 6%, and for a thickness of 

9.5mm, depression was 13%. Therefore, according to 

the TCS depression, a number of thicknesses can be 

built: 8.5 < 9.5 < 7.5 mm. 

Then the experimental array was sampled for 

each level of each factor in accordance with Table 2.  

Table 2: Sampling an experimental array. 

Factor 

levels 

Thickness

, mm 

Selection Facto

r 

levels 

PIAT, 

Selection 

30

32

34

36

38

40

42

44

46

160 180 200 220 240

T
C

S
, %

PIAT,  C

33

35

37

39

41

43

45

7.3 7.5 7.8 8.0 8.3 8.5 8.8 9.0 9.3 9.5 9.8

T
C

S
, %

Thickness, mm



°C 

7.5 (y1+y2+y3)/

3 

174 (y1+y4+y7)/

3 

8.5 (y4+y5+y6)/

3 

200 (y2+y5+y8)/

3 

9.5 (y7+y8+y9)/

3 

235 (y3+y6+y9)/

3 

 

           On the basis of a sample of the experimental 

data array, the partial dependences of the response 

functions on thickness and PIAT were determined.  

Further, these functions were combined into a 

multifactorial statistical mathematical model 

(generalized equation) based on the proposed 

(Zhanibekov, Brilkov, 2023) semi-empirical formula 

(2): 

 

1
0 1

,

p

i

i

p

av

Y

Y
Y







                                 (2) 

 

where Yo – generalized equation; Yi – private 

function; 
1

p

i

i

Y


 – the product of all partial functions; 

p – the number of partial functions equal to the 

number of input factors; 1p

avY  – the arithmetic mean of 

all the experimental values of the response function 

taken into account (the general average) to a degree 

one less than the number of partial functions. 

Each particular dependence was approximated 

by a function of one variable, then these functions were 

combined into a multifactorial statistical mathematical 

model (generalized equation) based on the proposed 

semi-empirical formula (1) (Zhanibekov, Brilkov, 

2023): 

                𝑇С𝑆 =
(−0,1914 𝑇+76,628)⋅(−5,833 𝑆 ²+99,333 𝑆−381,54)

37,44
 

,                          

(3) 

 
where TCS - Temperature coefficient of stability, 

%; S – plastic thickness, мм; Т – PIAT, °C.  
 

The accuracy of the obtained multivariate 

statistical mathematical model was evaluated by 

calculating the coefficients of nonlinear multiple 

correlation (R) according to (4) (Tyukanko, 

Demyanenko, Semenyuk, Dyuryagina, Alyoshin, 

Tarunin, Voropaeva, 2023): 

 

                                             

   

   

2

1

2

1

1

1 ,

1

n

i i

i

n

i

i

n y y

R

n p y y





  

 

   




 (4) 

 

where n – number of experiments; p – number of 

input (independent) parameters; i – serial number of 

the experiment; yi – the actual value of the output 

parameter in i- th experiment; ˆ iy  – the calculated 

value of the output parameter, calculated using a 

multifactorial mathematical model, for conditions 

(values of input parameters) I - th experiment; y
 
– 

the average value of the actual value of the output 

parameter for all n experiments (the general average). 

As a result of the calculation according to equation 

(3) R = 0.905, which is acceptable. 

4 CONCLUSION 

By the method of probabilistic-deterministic 

planning, a formula is derived that takes into account 

the combined effect of PIAT and plastic thickness on 

Temperature Stability Coefficient (TCS). For the 

proposed formula, the coefficient of nonlinear-

multiple correlation is calculated equal to (0.905), 

which is the criterion for the reliability of the 

proposed mathematical model. 

ACKNOWLEDGMENTS 

During the research, the staff of the Departments of 
"Chemistry and Chemical Technology" и Transport 
and mechanical engineering of the M. Kozybayev 
NKU and the management of "AVAGRO" LLP 
provided significant assistance. This research has is 
funded by the Science Committee of the Ministry of 
Science and Higher Education of the Republic of 
Kazakhstan (Grant No. AP14870434). 

REFERENCES 

Gulmine, J. V., Janissek, P. R., Heise, H. M., Akcelrud, L., 

2003. Degradation profile of polyethylene after 

artificial accelerated weathering. Polymer Degradation 

and Stability, 79(3):385–397, 

Cramez, M.C., Oliveira, M.J., Fakirov, S., Crawford,  R.J., 

Apostolov, A.A., Krumova, M., 2001. Rotationally 

molded polyethylene: Structural characterization by x-



ray and microhardness measurements. Advances in 

Polymer Technology, 20(2):116–124. 

Hiejima, Yu., Kida, T., Takeda, K., Igarashi, T., Nitta, K., 

2018. Microscopic structural changes during 

photodegradation of low-density polyethylene detected 

by Raman spectroscopy. Polymer Degradation and 

Stability,150:67–72. 

Gaisin, R.S., Tyukanko, V.Yu., Dem’yanenko, A.V., 2021. 

«Developming a Method for Ultrasonic Quality Control 

of Plastic Products Obtained by Rotary Moulding 

Method». Russian Journal of Nondestructive Testing, p. 

34–40. 

Tyukanko, V, Demyanenko, A, Semenyuk, V, Dyuryagina, 

A, Alyoshin, D, Tarunin, R, Voropaeva, V., 2023. 

Development of an Ultrasonic Method for the Quality 

Control of Polyethylene Tanks Manufactured Using 

Rotational Molding Technology. Polymers (Basel). 

2023 May 19;15(10):2368.  

Zaverl, M., Misra, M., Mohanty, A., 2013. Use of the 

taguchi method for optimization of poly (butylene 

terephthalate) and poly (trimethylene terephthalate) 

blends through injection molding. Int. Polym. Process. 

28, 454–462. 

El-Shekeil, Y.A., Sapuan, S.M., Azaman, M.D., Jawaid, 

M., 2013. Optimization of blending parameters and 

fiber size of kenaf-bast-fiber-reinforced the 

thermoplastic polyurethane composites by taguchi 

method. Adv. Mater. Sci. Eng. 2013. 1–5. 

Hakimian, E., Sulong, A.B., 2012. Analysis of warpage and 

shrinkage properties of injection-molded micro gears 

polymer composites using numerical simulations 

assisted by the Taguchi method, Mater. 62–71. 

Dyuryagina, A.N., Lutsenko, A.A., Tyukanko, V.Yu., 

2019. Study of the disperse effect of polymeric surface-

active substances in acrylic dispersions used for 

painting oil well armature. Bull. Tomsk. Polytech. Univ. 

Geo Assets Eng. 330 (8), 37–44. 

Dyuryagina, A., Lutsenko, A., Ostrovnoy, K., Tyukanko, 

V., Demyanenko, A., Akanova, M., 2022. Exploration 

of the Adsorption Reduction of the Pigment Aggregates 

Strength under the Effect of Surfactants in Water-

Dispersion Paints. Polymers 2022, 14, 996.  

Dyuryagina, A., Lutsenko, A., Demyanenko, A., Tyukanko, 

V., Ostrovnoy, K., Yanevich, A., 2022. Modeling the 

wetting of titanium dioxide and steel substrate in water-

borne paint and varnish materials in the presence of 

surfactants. Eastern-European Journal of Enterprise 

Technologies, 1 (6 (115)), 31–42.  

Tyukanko, V.Y., Dyuryagina, A.N., Ostrovnoy, K.A., 

2019. Effect of Adding Phosphorus-Containing 

Surfactants on the Properties of Organosilicon 

Compositions. Glass Physics and Chemistryd, 45(1), 

79–81. 

Tyukanko, V.Y., Duryagina, A.N., Ostrovnoy, K.A., 

Demyanenko, A.V., 2017. Study of wetting of 

aluminum and steel substrates with 

polyorganosiloxanes in the presence of nitrogen-

containing surfactants. Bull. Tomsk. Polytech. Univ. 

Geo Assets Eng. 328, 75–81. 

Ostrovnoy, K., Dyuryagina , A. ., Demyanenko, A., & 

Tyukanko, V., 2021. Optimization of titanium dioxide 

wetting in alkyd paint and varnish materials in the 

presence of surfactants. Eastern-European Journal of 

Enterprise Technologies, 4(6(112), 41–50.  

Tyukanko, V., Demyanenko, A., Dyuryagina, A., 

Ostrovnoy, K., Lezhneva, M., 2021. Optimization of 

the Composition of Silicone Enamel by the Taguchi 

Method Using Surfactants Obtained from Oil Refining 

Waste. Polymers 2021, 13, 3619.  

Tyukanko, V., Demyanenko, A., Dyuryagina, A., 

Ostrovnoy, K., Aubakirova, G., 2022. Optimizing the 

Composition of Silicone Enamel to Ensure Maximum 

Aggregative Stability of Its Suspensions Using 

Surfactant Obtained from Oil Refining Waste. 

Polymers 2022, 14, 3819.  

Erzurumlu, T., Ozcelik, B., 2006. Minimization of warpage 

and sink index in injectionmolded thermoplastic parts 

using Taguchi optimization method, Mater. 853–861. 

Chakravarty, S., Haldar, P., Nandi, T., Sutradhar, G., 2023. 

Fabrication and machinability studies on cupola slag 

reinforced aluminium metal matrix composites using 

Taguchi method, Materials Today. Proceedings, 2023, 

ISSN 2214-7853. 

Prajapati, P.K., Kumar, S., Singh, K.K., 2023. Taguchi 

approach for comparative optimization of tribological 

behavior of glass fabric reinforced epoxy composite 

with and without graphene-nano platelets filler, 

Materials Today: Proceedings, Volume 72, Part 3, 

2023, Pages 1605-1612. 

Ayyanar Raja, M., Manikandan, V., Suresh Kumar, S., 

Amuthakkannan, P., Balasubrama-nian, I., Joe, S., 

Gnanaraj, P., Jeshurun, S.B., 2022. Parametric 

investigation and op-timization of AWJM process on 

stir cast al7075/basalt composite materials using 

Taguchi based grey relational analysis, Materials 

Today: Proceedings, Volume 60, Part 2, 2022, Pag-es 

815-821. 

Hiwa, B.,  Yassin, M.A., Sarkawt, R., 2023. Evaluation of 

tensile properties of Meriz fiber reinforced epoxy 

composites using. Taguchi method, Results in 

Engineering, Volume 18, 2023, 101037. 

Srinivas Kumar, G., Mohana Reddy, Y.V., Mohana Reddy, 

B.C., 2023. Experimental study on the influence of 

turning process parameters on surface texture and 

material removal rate of composites by using Grey 

relational Taguchi technique. Materials Today: 

Proceedings, Volume 76, Part 3, 2023, Pages 556-563, 

Sreenivasulu, R., 2013. Optimization of Surface Roughness 

and Delamination Damage of GFRP Composite 

Material in End Milling Using Taguchi Design Method 

and Artificial Neural Network, Procedia Engineering, 

Volume 64, Pages 785-794. 

Zhanibekov, N., Brilkov, S., 2023. Mathematical modeling 

of the influence of technological parameters of rotary 

molding on the amplitude of the ultrasonic bottom 

signal. E3S Web of Conferences. 419. 02015.  

Сrawford, R.J., Throne, J.L., 2002. Rotational Molding 

Technology; William Andrew Publishing: New York, 

NY, USA. 



Ogila, K.O., Shao, M., Yang, W., Tan, J., 2017. Rotational 

molding: A review of the models and materials. Express 

Polym. Lett. 11, 778–798.  

Gupta, N., Ramkumar, P.L., Sangani, V., 2020. An 

approach toward augmenting materials, additives, 

processability and parameterization in rotational 

molding: A review. Mater. Manuf. Process. 35, 1539–

1556.  

Hanana, F.E., Rodrigue, D., 2015. Rotational molding of 

polymer composites reinforced with natural fibers. 

Plast. Eng. 71, 28–31.  

Vázquez Fletes, R.C., Cisneros López, E.O., Moscoso 

Sánchez, F.J., Mendizábal, E., González Núñez, R., 

Rodrigue, D., Ortega Gudiño, P., 2020. Morphological 

and mechanical properties of bilayers wood–plastic 

composites and foams obtained by rotational molding. 

Polymers 12, 503.  

Crawford, R.J., 1996. Recent advances in the manufacture 

of plastic products by rotomoulding. J. Mater. Process. 

56, 263–271. 

Sezemský, J., Špatenka, P., 2021. Adhesion Improvement 

between PE and PA in Multilayer Rotational Molding. 

Polymers, 13, 331.  

Ruiz–Silva, E., Rodríguez–Ortega, M., Rosales–Rivera, 

L.C., Moscoso–Sánchez, F.J., Rodrigue, D., González–

Núñez, R., 2021. Rotational Molding of Poly(Lactic 

Acid)/Polyethylene Blends: Effects of the Mixing 

Strategy on the Physical and Mechanical Properties. 

Polymers 13, 217 

Vignali, A., Iannace, S., Falcone, G., Utzeri, R., Stagnaro, 

P., Bertini, F., 2019. Lightweight Poly(ε–Caprolactone) 

Composites with Surface Modified Hollow Glass 

Microspheres for Use in Rotational Molding: TheRMal, 

Rheological and Mechanical Properties. Polymers 11, 

624.  

Greco, A., Ferrari, F., Buccoliero, M.G., Trono, G., 2019. 

TheRMal and Mechanical Analysis of Polyethylene 

Homo–Composites Processed by Rotational Molding. 

Polymers 11, 528. 

Daryadel, M., Azdast, T., Khatami, M., Moradian, M., 

2021. Investigation of Tensile Properties of Polymeric 

Nanocomposite Samples in the Rotational Molding 

Process. Polym. Bull. 78, 2465–2481.  

Aniśko, J., Barczewski, M., Piasecki, A., Skórczewska, K., 

Szulc, J., Szostak, M., 2022. The Relationship between 

a Rotational Molding Processing Procedure and the 

Structure and Properties of Biobased Polyethylene 

Composites Filled with Expanded vermiculite. 

Materials 15, 5903.  

Głogowska, K., Pączkowski, P., Samujło, B., 2022. Study 

on the Properties and Structure of Rotationally 

Moulded Linear Low–Density Polyethylene Filled with 

Quartz Flour. Materials , 15, 2154.  

Sangeetha, V., Gopinath, D., Prithivirajan, R., Girish 

Chandran, V., Manoj Kumar, R., 2020. Investigating 

the Mechanical, TheRMal and Melt Flow Index 

Properties of HNTs—LLDPE Nano Composites for the 

Applications of Rotational Moulding. Polym. Test. 89, 

106595.  

Gupta, N., Ramkumar, P., 2021. Effect of Industrially 

Processed Glass Fibre Dust on Mechanical, Thermal 

and Morphological Properties Mixed with LLDPE for 

Rotational Molding Process. Sadhana Acad. Proc. Eng. 

Sci. 46, 1–14.  

Chang, W.C., Harkin–Jones, E., Kearns, M., McCouri, M., 

2011. Glass Fibre–Reinforced Polyethylene 

Composites in Rotational Moulding. In Proceedings of 

the Annual Technical Conference—ANTEC, 

Conference Proceedings, Boston, MA, USA, Volume 3, 

pp. 2474–2478 

Ghanem, Z., Šourkova, H.J., Sezemský, J., Špatenka, P., 

2022. The Effect of Plasma Treatment of Polyethylene 

Powder and Glass Fibers on Selected Properties of 

Their Composites Prepared via Rotational Molding. 

Polymers 14, 2592.  

Barczewski, M., Hejna, A., Aniśko, J., Andrzejewski, J., 

Piasecki, A., Mysiukiewicz, O., Bąk, M., Gapiński, B., 

Ortega, Z., 2022. Rotational Molding of Polylactide 

(PLA) Composites Filled with Copper Slag as a Waste 

Filler from Metallurgical Industry. Polym. Test. 106, 

107449.  

Mhike, W., Focke, W.W., 2013. Surface Resistivity and 

Mechanical Properties of Rotationally Molded 

Polyethylene/Graphite Composites. J. Vinyl Addit. 

Technol. 19, 258–270.  

Mhike, W., Focke, W.W., Asante, J.K.O., 2018. 

Rotomolded Antistatic and Flame–Retarded Graphite 

Nanocomposites. J. TheRMoplast. Compos. Mater. 31, 

535–552.  

Gibson, I., Shi, D., 1997. Material properties and 

fabrication parameters in selective laser sintering 

process. Rapid Prototyping Journal, 3(4):129–136. 

Adams, J., Jin, Y., Barnes, D., Butterfield, J., Kearnes, M., 

2021. Motion control for uniaxial rotational molding. 

Journal of Applied Polymer Science Volume 138, Issue 

8, 20. 

Głogowska, K., Longwic, F., Ludziak, K., 2022. Effect of 

mould speed on selected properties of moulded parts 

and energy consumption in rotational moulding. 

Bulletin of the Polish Academy of Sciences: Technical 

Sciences 

Nieschlag, J., Seuffert, J., Strack, D., Friedmann, M., 

Kärger, L., Henning, F., Fleischer, J., 2021. 

Experimental and Numerical Analysis of Mold Filling 

in Rotational Molding. J. Compos. Sci. 5, 289.  

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


