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Introduction

This is a technology to inhibit the coke formation and deposition in pyrolysis furnaces. It chemically coats the internal surfaces of furnace tubes via on-line and in-situ method, preventing the formation of catalytic coke and significantly limiting pyrolytic coke deposition as well. As a result, it helps increase run-length, reduce utility costs, improve operational flexibility, extend furnace tube life, and enhance ethylene production. The coke inhibition performance has proven to be outstanding in the bench scale, pilot scale and commercial plants. 

Coke in Pyrolysis Furnaces

Coke formation in cracking furnaces is a costly problem that contributes to reduced yields, increased energy consumption, higher maintenance costs, and unscheduled unit shutdowns. 

Typically, coke formed in pyrolysis furnaces can be categorized as two types, catalytic and pyrolytic. Catalytic coke is formed by the reaction between the hydrocarbon and the metal surface components (mostly nickel and iron) of the reactor tube. The resulting catalytic coke is somewhat rigid and branch-like in structure, creating trapping sites that promote pyrolytic coke formation and accumulation. On the other hand, pyrolytic coke is softer and less structured than catalytic coke. It is formed by several related mechanisms, including the condensation, polymerization, and dehydrogenation of both light olefinic and heavy aromatic compounds.

The relationship between catalytic and pyrolytic coke is key to understanding PY-COATTM, which is the trademark of SK’s coke inhibition technology. Catalytic coke creates a rough surface to promote pyrolytic coke formation and accumulation. PY-COAT interrupts this cycle by creating a barrier between the hydrocarbon and the metal surface, inhibiting catalytic coke formation, as well as the subsequent pyrolytic coke that normally builds around the catalytic coke site.

Coke Inhibition

Figure 1 illustrates how the PY-COAT technology can inhibit the coke formation. There are three layers: diffusion barrier, decoking film and buffer layer. The diffusion barrier is formed on the tube surface to block the contact between the tube metal and coke precursors. Its main function is the suppression of the catalytic coke formation. The decoking film on the diffusion barrier catalyses the gasification reaction of cokes and therefore plays a role in removing the residual coke. The buffer layer enhances the adhesion between the tube metal and the diffusion barrier. The thermal shock can be endured with the buffer layer. This concept suggests the possibility that the formation and deposition of both catalytic and pyrolytic coke can be suppressed.
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Figure 1. Concept of PY-COAT Technology

The PY-COAT is applied through “on-line and in-situ coating method”, which means the coating is executed by injecting formulated chemical at the hot state immediately after decoking, without having to cool down the furnace. The chemical injected vaporizes and decomposes and deposits on the tube inner surface, making a coat film. According to the concept, the diffusion barrier is formed on the tube metal first by injecting PY-730 alone or followed by PY-710. After the diffusion barrier is formed, the decoking film is made by PY-750. The PY-710, 730, and 750 are specially formulated chemicals and briefly introduced in table 1.

Table 1. Formulated Chemicals

Chemical
Major Purpose
Components

PY-710
Buffer Layer, Enhancing the adhesion
Silicon / Chromium / Aluminum /

Titanium / Alkali- & Alkali-Earth

Metal Compound

PY-730
Diffusion Barrier, Blocking


PY-750
Decoking Film, Gasifying


Coke Inhibition Performance
· Bench Scale Test

A coupon was put into a reactor tube, and the temperature of the reactor was set to the temperature of 750℃. Next, the chemical was injected into the reactor using high temperature steam as a carrier for 10 hours. Following the chemical treatment, ethane cracking was performed for two hours at the conditions that coil outlet temperature was maintained at 860℃, dilution steam ratio 0.3, and conversion 70%. After cracking, the reactor was cooled down and the coupon was taken out and analyzed with the scanning electron microscope (SEM). Figure 2 shows the result. The uncoated coupon clearly had large amounts of catalytic and pyrolytic cokes, whereas the coated coupon had no catalytic coke and much less pyrolytic coke. The formation of catalytic coke from catalytic reaction by tube metals (nickel and iron) can be suppressed and pyrolytic coke also hardly deposits on the tube inner wall because of the lack of trapping sites.
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Figure 2. Performance in Bench Scale Pyrolysis Unit

· Pilot Plant
The coking tendency of ethane feedstock was compared between the uncoated and the coated tube with the same cracking condition. The tube used in this test was a nine-years-served one in commercial plant. Operating conditions were set for ethane conversion 65%, radiant coil outlet temperature 904℃, and dilution steam ratio 0.3. 
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     (b) Tube metal skin temperature

Figure 3. Performance in Pilot Plant

Figure 3 summarized the results of the test. The coated tube had essentially no increase in coil inlet pressure and tube metal skin temperature(hereinafter TMT) as the running time goes by, whereas TMT of the uncoated tube at the end of run was 26℃ higher than that at the start and the differential pressure was 27 psi higher. The amount of coke was calculated based on the amount of burnt-out carbon di- and monoxide. As a result, the amount of coke of the coated tube was less than 10% of the uncoated one. 

· Commercial Cracker
Figure 4 shows the performance in commercial ethane cracker. The applied cracker was mainly limited by TMT. It compares TMT trend of the base run with the coated run. The coated run shows that all TMT was below the base run. At the end of run, TMT in the coated run was lower than the base run by 40℃. It means that the run length can be extended at the same conversion, or the conversion can be raised to higher at the same run length. From the 98th day to the 105th day, TMT peaked by 32℃, which was caused by 4~6℃ increase in coil outlet temperature in order to raise the conversion. 
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   Figure 4. Commercial Ethane Cracker

Figure 5. Commercial Naphtha Cracker

Figure 5 shows the performance in commercial naphtha cracker. The applied cracker was limited by the pressure drop. After applying PY-COAT, the pressure trend slowed down as shown in Figure 5. Run-length increase was confirmed from 16 days to 30 days and the pressure increasing rate was reduced to 40% of the base run. The pressure increasing trends in 1st, 2nd and 3rd run were almost the same, which means the film was durable for several cycles.

Conclusion
PY-COAT introduced three layers of coat film: the diffusion barrier against the catalytic coke, the decoking film against remaining coke and the buffer layer for the film adhesion. Its performance and effectiveness has been confirmed in laboratory experiments, pilot plant, and commercial crackers. PY-COAT has proven to effectively inhibit coke formation and improve overall pyrolysis furnace performance and run length.

Reference

M. J. Bennett, and J. B. Price, “A Physical and Chemical Examination of a Ethylene Cracker Coke and of the Underlying Pyrolysis Tube”, Journal of Materials Science 16, 170-188, 1981

C. A. Bernardo and L. S. Lobo, “Kinetics of Carbon Formation from Acetylene on Nickel”, Journal of Catalysis 37, 267-278, 1975

L. J. Velenyi, Y. Song, and J. C. Fagley, “Carbon Deposition in Ethane Reactors”, Ind. Eng. Chem. Res. 30, 1708-1712, 1991

Tube material





Coke Precursor





PY-COAT





2





H2, CO, CO2





2





PY-COAT





Diffusion Barrier





 





Decoking Film





No Diffusion





Base Run





( No Catalytic Coke + No Pyrolytic Coke





Base Run








화학공학의 이론과 응용 제8권 제1호 2002년


