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Experimental Study on the Adhesion and Performance Evaluation of
Joints for Modified Polyethylene Coated Steel Pipes

Myung Kue Lee*, Sanghwan Cho**, Min Ook Kim™*'

ABSTRACT: In this study, as part of the development of a monitoring system for the efficient maintenance of steel
pipes, an experimental study was conducted to evaluate the performance of steel pipes treated with modified
polyethylene coating. In the case of the conventional mechanical pre-coating method, there was a deterioration in
polyethylene adhesion during expansion testing, which led to the application of a chemical pre-treatment process
using a calcium-mixed phosphate zinc film to resolve this issue. SEM and EDX analyses showed that the densest
structure was observed at a Zn/Ca ratio of 1.0, and improved heat resistance compared to the conventional method
was confirmed. Additionally, to prevent coating detachment during expansion, an evaluation of adhesion and
elongation was conducted on steel pipes with modified polyethylene coating, incorporating materials such as
elastomers based on maleic anhydride grafting, metal oxides, blocking agents, and slip agents. Experimental results
showed that the specimen (S4) containing all modified materials exhibited more than a 25% performance
improvement compared to the specimen (S2) containing only metal oxides. Lastly, the development and performance
evaluation of wedge-shaped socketing and pressing wheels, which are part of the pipe fixing accessories, were
conducted to prevent surface coating damage on the completed pipes.
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Fig. 1. SEM and EDX results of PE coating after chemical pre-
treatment process: (a) Ca/Zn=0.15 and (b) Ca/Zn=1.00
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Fig. 2. Meausred coating weights versus Ca/Zn ratios
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Fig. 4. Chemical pretreatment process adopted in this study: (a)
initial stage, (b) after degreasing, (c) washing, (d) after
pickling, (e) sulfuric acid washing (1%), (f) sulfuric acid
washing (2"%), (g) parkerizing, (h) removing sludge
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Fig. 6. Pipe expansion test: (a) mechanical pretreatment and (b)
chemical pretreatment
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b c

Fig. 9. Shape of pipe socket: (a) three-dimensional shape, (b)
cross section of existing socket tensile specimen, (c) cross
section of wedge-shaped socket tensile specimen

Fig. 10. Specimen after tensile test: (a) control and and (b) wedge-
shaped socket specimen
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Fig. 11. Developed rolling wheel shape: (a) shape of the rolling
wheel, (b) horizontal force caused, (c) vertical force
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Fig. 12. Specimen after tensile test: (a) control (front), (b) control
(rear), (c) newly developed (front), (d) newly developed
(rear)
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