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Chapter 2 — Refractory Lining Bypass (Tf MDD /\1/\X)
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2.3 Repercussions of Lining Bypass (Tt XSA =29 INA INRIRZ D E)
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3.3 Past Mitigation Efforts

The industry has made the following efforts to enhance closed cell systems.

a) Increasing refractory height above the anchoring system creating a top monolithic layer.

In this case, the refractory height was double the hexmetal height (1” hexmetal, 2" refractory). The 1” top layer experienced
spalling due to lack of anchorage and soon abraded. This caused chunks of unanchored refractory to detach.

b) Altering design of hex metal to allow more refractory through to prevent pathways of bypass.

Several design alterations were introduced to the market with the aim of reducing the metal-to-refractory ratio. However,
these concepts underestimated the ability of gases and liquids to penetrate the inevitable gaps created by an interlinked
system, even though minimized.

Both efforts failed to achieve enough success for widespread adoption. However, a new type of system can be proposed that
incorporates the beneficial features of both closed cell and non-closed cell systems.

3.4 Semi-Closed Cell Anchoring System

Conventional anchoring systems are generally over-anchored or under-anchored. A so-called semi-closed cell anchoring system
should have an optimum balance between anchorage and refractory. In addition, a semi-closed cell anchoring system should
mimic the shape and effectiveness of closed cell anchoring enclosures while allowing for continuous refractory flow similar to
non-closed cell anchoring systems.

This system should feature the advantages while mitigating the disadvantages of both closed cell and non-closed cell systems:

e  Optimum cookie size for compacting during refractory installation and refractory retention during service.

e  Optimum metal-to-refractory ratio ensuring adequate anchoring for structural support and enough refractory material to
maintain the monolithic integrity.

e Lasting monolithic protection throughout the lining.

e Not prone to the formation of gaps with a direct pathway from the lining surface to the vessel wall, thereby mitigating
bypass.

¢ Not prone to runaway cracking, due to cracking being contained within the boundaries of the semi-closed cell.

e Potential localized deterioration of the lining does not affect surrounding areas due to the independent behavior of semi-
closed anchoring.

e Individual anchor failures typically do not cause flow disruption.

e Provides predictable wear behavior.

e Ease of anchoring installation.

e The anchors can be welded at a single point or at multiple points.

e Individual anchors do not require special modification or bending prior to installation.

e Ease of refractory installation.

e Refractory flow and compaction are observable within each cell due to flow-through.

e During refractory installation there is little to no need for temporary molds or barriers to compress the refractory.

e Useful for both patch repairs, relines and new equipment.
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3.5 Considerations

Any alternative anchoring system poses risks that need to be considered with the aim of achieving the optimum design for
abrasion-resistant linings. Some key considerations are as follows.

e Refractory Cohesion

How can bypass be mitigated in a cohesive monolithic lining compared to a segmented multi-lithic lining, especially in areas
with unavoidable cold joints?

Desired Performance: The refractory should show no signs of direct bypass of liquid or gas. Due to isolated pockets of
compacted cold joints, it should not show significant travel of liquid or gas behind the lining.

e Refractory Structural Integrity

How will the abrasion-resistant refractory behave as a reinforced section of monolithic compared to conventional segmented
closed cell refractory under loads encountered during service?

Desired Performance: The refractory should show a significantly increased resistance to separate from its anchoring system
and from the shell when exposed to the same load.

e Mechanical Anchoring Integrity & Design
Is the anchor strong enough after installation, while allowing sufficient continuity of refractory?
Desired Performance: The strength of a welded semi-closed anchor should exceed that of an individual weld in an

interconnected hex cell to mitigate a single weld failure.

In addition to the considerations mentioned above, numerous other factors might need to be addressed, exceeding the
scope of this white paper. When evaluating any alternative solution, compatibility with the vessel’s design, unique processing
conditions, and other potential complexities of the application must be assessed.

In the next chapter, the considerations regarding refractory cohesion and structural integrity are further discussed because
they are closely related to bypass and its repercussions.
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Chapter 4 - Testing & Results

To address the considerations of the previous chapter and evaluate the effectiveness of semi-closed cell systems as opposed to
closed cell systems in minimizing lining bypass and ensuring optimal substrate protection, penetration tests and pull tests were
conducted. The objective of the penetration test was to evaluate lining bypass in both systems and to demonstrate that semi-
closed cell systems are less conducive for bypass compared to closed cell systems. This evaluation took into account the impact
on cold joints in both scenarios.

The pull tests were conducted to evaluate the strength of the lining in semi-closed cell systems and closed cell systems.

The following conditions were taken into consideration for the test setup:

e Anchors were installed with the same pattern as industry recognized hex metal (2” cookies).

e Refractory materials used are standardly recognized by petrochemical end-users and licensors.
e Refractory materials were installed by experienced refractory installers.

e Refractory materials were cured and fired according to manufacturers’ specifications.

4.1 Penetration Test

The test setup sought to simulate the impact of FCC process fluids on various abrasion-resistant refractory linings, showing a
semi-closed cell anchoring system (SILICON SpeedHex® 3) and a closed cell anchoring system (traditional Hexmetal), with a
focus on cold joints. Although duplicating exact FCC process conditions, with typical temperature and pressure values, proved
impractical, the aim was to assess the potential occurrence of bypassing under normal ambient conditions. To achieve this, water
colored with black ink was selected as the fluid to detect any signs of bypass behind the lining.

Sample panels with semi-closed and closed anchoring systems, incorporating various types of industry-standard refractories, were
utilized. Panels with the semi-closed cell system had its refractory material installed in two phases—half of the panel received
refractory installation, was terminated with refractory backing clips, underwent a complete dry-out cycle lasting approximately
24 hours, and then the remaining refractory was installed in the other half. This deliberate process was employed to purposely
create a cold joint. Panels with the closed cell system were also installed in two phases, with the hex cell in this case forming a
hard barrier for installation of the other half of refractory. After the dry-out cycles were completed, 1 liter of ink-colored water
was poured over each sample panel, after which it was observed for 10 minutes.

Semi-closed cell system refractory installation with an intentional cold joint.

Click here for the 24 hour dry-out timelapse video.
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Penetration Test Setup, liquid placed on top of lining, captured in container below.
Apple iPhones used to capture videos of the process.

Result Summary

Sample Type: Semi-Closed Cell System

Before Test After 90 Seconds After 3 Minutes

Observations
Minor absorption of the test fluid through and reaching behind the refractory lining was observed.
No penetration or lining bypass was observed within the cells or at the cold joint after 10 minutes.

Sample Type: Closed Cell System

Before Test After 10 Seconds After 20 Seconds After 90 Seconds

Observations

Penetration or lining bypass was observed within seconds in the cells and at metal joints with all test fluid flowing through.
This may be attributed to cold joints formed between the refractory material and the closed cell anchoring system as well as
occasional gaps at the metal joints. The tests concluded within approximately 90 seconds, as the test fluid had fully penetrated
the lining by that time.
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The results of the penetration tests demonstrated two phenomena:

e Absorption of liquid in the refractory (observable by the light discoloration of refractory).

e Circumvention of the lining by the liquid via direct bypass to the shell (observable by the dark buildup behind the refractory
and passing through the plastic backing).

It was evident that the semi-closed cell anchoring system provided superior protection against lining bypass by showing no signs
of direct liquid bypass, as opposed to the closed cell anchoring system, where significant fluid bypass occurred within seconds.

Although absorption occurred in the refractory materials for both systems - which is to be expected in typical processing
environments - the time it took for the initial signs of absorption to manifest in the semi-closed system suggests that in actual
processing environments this would not pose any concern. This is attributable to the absence of pathways that would allow fluids
to bypass, as seen in closed-cell systems.
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4.2 Pull Test

Various sets of semi-closed and closed cell anchoring systems, each featuring different industry-standard abrasion resistant
refractories, were utilized. A pull pin was freely inserted into a cell to assess the force needed to extract a closed refractory cell
(cookie) from the lining.

Semi-closed cell system before refractory installation. Closed cell system before refractory installation.

Result Summary

Sample Type: Semi-Closed Cell System, After Pull Test

Observations
On average, approximately 42.9 kN of force was
required to pull out a cookie.

Sample Type: Closed Cell System, After Pull Test

Observations
On average, approximately 7.6 kN of force was
required to pull out a cookie.

Chapter 4 - Testing & Results 20



21

White Paper: Mitigating Failures of Abrasion Resistant Refractory Linings

The pull test results revealed that the semi-closed cell system showed a significant difference to the closed cell system in retaining
abrasion-resistant refractory material. This is attributed to the design of the semi-closed cell system, with embedded anchors in
a monolithic refractory lining providing robust support and resistance against forces that could cause refractory separation from
the anchoring. Refer to the illustration below for a visual representation of these forces in both systems.

Representation of exerted forces during pull test in semi-closed Representation of exerted forces during pull test in closed
cell system. cell system.
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Chapter 5 - Conclusion

Refractory lining bypass, particularly in abrasion-resistant linings for Fluid Catalytic Cracking (FCC), poses a significant and
expensive challenge for the industry. The limitations of traditional closed cell and non-closed cell anchoring systems, for example,
hex metal and its inability to create a continuous monolithic lining, highlight their vulnerability to lining bypass. Consequently,
this creates a potential for costly operational disruptions and premature structural failures.

The transition to a semi-closed cell system, such as the demonstrated SpeedHex® system, emerges as a reliable and strategic
solution. This alternative has been supported by conclusive testing affirming the effectiveness in mitigating lining bypass and
preserving refractory material, thereby enhancing the efficiency, safety, and long-term sustainability of petrochemical processing
equipment

Sources

1 - Sadeghbeigi, R. (2020), Fluid Catalytic Cracking Handbook - An Expert Guide to the Practical Operation, Design, and
Optimization of FCC Units (Fourth Edition)

2 - Jerry Wilks (2010), Damage Occurring in FCC Hexmesh Systems - Refcomm Galveston 2016

3 - Jason Goodson, Joe McLean (2019), Catalysts Losses and Troubleshooting - Refcomm Galveston 2019
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