
REFRACTORY INSTALLATION AND 
MAINTENANCE

Furnace Integrity, Tapping Reliability, 
and Molten Material Transfer

SAIMM Pyrometallurgy Conference 2026 Workshop

Presented by:
Neha Patel, Pr. Eng.

(Jade Cubed (Pty.) Ltd.)



The best refractory material in 
the world can still fail if it is 

poorly installed, poorly dried 
out or exposed to operating 

conditions that were not 
considered during design

Why 
Installation 

and 
Maintenance 

Matter
Material selection is only the starting point
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Presenter Notes
Presentation Notes
Notes:
Refractory performance depends on the full system: material selection, lining design, installation quality, curing, dryout, start-up, operating practice, inspection, and maintenance. A refractory material may be correctly specified and manufactured, but the installed lining can still perform poorly if workmanship, expansion allowance, joint control, surface preparation, dryout, or operating conditions are not properly managed. This session focuses on the installed refractory lining as a working containment system. It considers how installation and maintenance quality influence furnace integrity, tapping reliability, molten material transfer, safety, and campaign life.





By the end of this workshop, delegates should be able to:

1. Explain how installation and maintenance quality 
affect furnace integrity, tapping reliability, molten 
material transfer, and campaign life. 

2. Recognize key installation controls for brickwork, 
monolithics, expansion allowance, curing, dryout, and 
preheating. 

3. Identify refractory risks in high-duty areas such as 
furnace linings, tapholes, tapping channels, launders, 
and ladles.

4. Relate operating conditions and tapping practice to 
refractory wear, repair life, and transfer reliability. 

5. Interpret operational warning signs of refractory 
deterioration. 

6. Apply practical QA/QC, inspection, and failure analysis 
principles to refractory installation and maintenance.

7. Communicate more effectively across process, 
maintenance, installation, and refractory specialist 
teams.

Workshop 
Learning 

Outcomes
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Presenter Notes
Presentation Notes
The aim of this workshop is not to train delegates to become refractory installers, but to provide the practical awareness needed to understand how refractory installation quality, maintenance decisions, and operating practice influence furnace performance.

The workshop also emphasizes the importance of asking the right questions during installation, maintenance, dryout, start-up, and operation. In many cases, early recognition of poor workmanship, inadequate dryout, changing operating conditions, or repeated repair failure can help prevent larger furnace integrity or containment risks.




Refractory performance depends on the interaction 
between:

• Material selection and quality 

• Lining design and detailing 

• Installation workmanship 

• Curing, dryout, and start-up 

• Operating conditions 

• Maintenance practice

Performance is determined by the installed, 
operated, and maintained lining system.

Refractory 
Performance 
is a System
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Presenter Notes
Presentation Notes
Notes:
Refractory performance should be viewed as the outcome of a complete system, rather than as the result of material properties alone. A refractory material may be chemically compatible with the process and suitable for the expected temperature range with the correct design, but the installed lining can still perform poorly if the installation, dryout, operation, or maintenance practices are not properly controlled.

The refractory lining must provide containment, thermal protection, mechanical stability, and resistance to process conditions. These functions depend on more than the material properties listed on a technical data sheet. The final performance of the lining is influenced by how the material is manufactured, inspected, stored, installed, cured, dried out, heated up, operated, inspected, and maintained.

Operating conditions also play a major role. Changes in temperature, slag or matte chemistry, tapping frequency, oxygen lancing, thermal cycling (including upset conditions), slag carryover, or cleaning practice can all change the duty imposed on the refractory lining. Maintenance decisions also affect performance, especially where repairs are installed under time pressure or where repair materials are not properly matched to the existing lining and process environment.

For this reason, refractory failures should not be viewed too narrowly. When a lining fails, the investigation should consider the full system: material selection, material quality, design assumptions, installation workmanship, dryout, operating history, tapping practice, maintenance method, and inspection records.



Refractory 
Supply to 

Installation

A refractory product only becomes a lining after it 
has been:

• Supplied, inspected, and stored correctly 

• Installed to the design intent 

• Cured, dried out, and heated up under control 

• Exposed to real operating and maintenance 
conditions

The installed lining is what the furnace 
experiences. 

A refractory product is not the same thing as a 
refractory lining
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Presenter Notes
Presentation Notes
Notes:
A refractory product does not perform in isolation. Once it leaves the supplier, its final performance depends on how it is handled, stored, installed, dried out, heated up, operated, and maintained.

The transition from specified material to installed lining includes several important steps. Supply inspection helps confirm that the correct material has been manufactured, labelled, documented, packaged, and released for use. Site receiving and storage then become important because materials can be damaged, contaminated, exposed to moisture, used beyond shelf life, or mixed with other batches if control is poor.

During installation, the material must be placed in a way that reflects the design intent. For brick linings, this includes correct shape, orientation, joint control, bonding pattern, alignment, and expansion allowance. For monolithic linings, this includes correct water addition, mixing, placement, compaction, curing, anchoring, and protection before dryout. The lining then has to survive dryout, heat-up, start-up, and operation. These stages can change the condition of the lining before it reaches stable service. A poor dryout, uncontrolled preheat, or early exposure to aggressive process conditions can compromise performance even when the supplied refractory material was acceptable.



The 
Refractory 

Quality 
Chain

Refractory quality control should follow the material 
from supply to service:

• Supplier inspection and client inspection 
notification, where applicable

• Client / representative review of submitted data

• Client / representative inspections at the supplier

• Site receiving and storage checks

• Installation control and inspection 

• Curing, dryout, and heat-up records 

• Operating feedback and maintenance history

QA/QC creates the evidence trail from supplied 
material to installed lining.
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Presentation Notes
Notes:
Refractory QA/QC should not begin only when installation starts. It should begin at the supply stage and continue through supplier inspection, client or representative review, site receiving, storage, installation, curing, dryout, heat-up, commissioning, operation, and maintenance.

Supplier inspection helps confirm that the correct material has been manufactured, tested, labelled, packed, and released in accordance with the approved specification. This may include dimensional checks, visual inspection, review of material certificates, batch traceability, test reports, packaging condition, shelf-life information, and confirmation that the correct shapes, grades, or monolithic products are ready for dispatch.

The client or representative review of submitted data is also important. Certificates, inspection reports, laboratory test results, manufacturing records, release notes, packing lists, and non-conformance documentation should be reviewed before material is presented for formal client inspection. This review helps confirm that the material supplied is traceable and conforms to the approved specification before costs are incurred for client inspections.

Client inspection, or inspection by a qualified client representative, is particularly valuable because it provides independent verification before the material leaves the supplier. This is the point at which non-conforming material can often be identified, documented, rejected, corrected, or quarantined before it reaches site. Once material arrives at site, especially during a shutdown or project installation window, rejection or replacement becomes much more difficult and may directly affect the installation schedule.

Site receiving and storage checks are the next control point. Materials should be checked against the approved supply documentation, protected from damage and moisture, segregated by batch or material type where required, and stored in accordance with supplier recommendations. Monolithic materials are particularly sensitive to shelf life, moisture exposure, packaging damage, and incorrect storage conditions.

Installation QA/QC then verifies whether the material is installed according to the approved drawings, method statements, inspection and test plans, and supplier recommendations. This includes progressive checks on brickwork, joint control, dimensional accuracy, expansion allowance, anchoring, surface preparation, water addition, mixing, compaction, curing, dryout readiness, and repair tie-ins.

The value of QA/QC continues after the furnace enters service. If premature wear or failure occurs, the quality records provide the evidence needed to understand what was supplied, what arrived on site, how it was stored, what was installed, what was changed, what was accepted, and how the lining was prepared for operation.

Good QA/QC does not prevent every refractory failure, but it greatly improves the ability to manage risk, support commissioning, investigate failures, and prevent repeat problems.



Pause and Think 
Scenario 1:

Correct Material, 
Early Failure

A refractory was selected for the 
correct process temperature and 

chemistry. However, the lining failed 
much earlier than expected.

Discussion Questions:
1. What should be investigated before 

concluding that the material was 
unsuitable?

2. What information would help distinguish 
between material, installation, operation, 
and maintenance-related causes?

3. What assumptions should be avoided 
during the initial failure review?
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Presentation Notes
Notes:
Early refractory failure does not automatically mean that the material was incorrectly selected. The material may have been suitable for the intended duty, but the installed lining may not have reflected the design intent, or the operating conditions may have changed after installation. A proper investigation should consider the full refractory system. This includes material selection, material quality, supply inspection, storage conditions, installation workmanship, joint control, expansion allowance, curing, dryout, start-up, operating temperature, slag or matte chemistry, tapping practice, thermal cycling, maintenance history, and inspection records. For shaped refractory linings, potential causes may include excessive or inconsistent joints, incorrect brick orientation, poor fitting, poor alignment, open joints, contamination between courses, inappropriate mortar use, incorrect expansion allowance, or damage during cutting and handling. If previous repairs were completed, perhaps the tie-in between old and new refractory was compromised. For monolithic linings, possible causes include incorrect water addition, poor mixing, inadequate compaction, poor surface preparation, cold joints, poor curing, rushed dryout, anchor problems, or use of material beyond its shelf life. Operating factors should also be reviewed. These may include higher-than-expected temperatures, changes in slag or matte chemistry, increased tapping frequency, longer tap durations, increased oxygen lancing, slag carryover, bath level changes, thermal cycling, or changes in cleaning and maintenance methods.

The key lesson is that the investigation should avoid jumping to a single cause. The evidence should be reviewed before assigning responsibility to the material, supplier, installer, maintenance team, or process operation.

During the initial review, several assumptions should be avoided. It should not be assumed that the refractory material was the sole cause of the failure, or that the failure was caused by any one factor alone. Refractory failures are often multi-factorial, with material selection, material quality, storage, installation workmanship, curing, dryout, operating practice, process chemistry, tapping practice, thermal cycling, and maintenance history all potentially contributing.
 
It should also not be assumed that the supplied material matched the specification, that the installed lining matched the drawings, or that the operating duty remained within the original design basis. These points need to be confirmed using supply inspection reports, certificates, batch records, installation records, dryout logs, operating data, inspection photographs, and maintenance history.

The visible failure location should also not automatically be treated as the root cause location. In some cases, the visible damage is where the failure became apparent, while the initiating cause may have occurred elsewhere in the lining, during installation, during dryout, or as a result of operating changes.

A good failure investigation should therefore be evidence-led rather than blame-led. The aim is to understand what changed, what was controlled, what was documented, and how the lining actually behaved in service.



Refractory-lined systems should not be viewed in 
isolation:

• Furnace lining provides primary containment 

• Taphole and tapping channel control discharge 

• Launders transfer molten material under 
controlled conditions 

• Ladles provide mobile containment and process 
flexibility 

• Weakness in one area can affect the 
performance of the full system

Furnace → Taphole → Tapping Channel → 
Launder → Ladle

The Molten 
Material 

Containment 
and Transfer 

System
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Presenter Notes
Presentation Notes
Notes:
The furnace, taphole, tapping channel, launder, and ladle should be treated as parts of one connected molten material containment and transfer system. Although each area has a different function, the performance of one area can affect the others.

The furnace lining provides the primary containment system. It must withstand the process temperature, chemical environment, mechanical loading, bath movement, tapping practice, and thermal cycling. If the furnace lining or tapping area deteriorates, the effects may be seen not only as local refractory wear, but also as unstable tapping, increased lancing, higher clay consumption, shell temperature changes, or downstream transfer problems.

The taphole and tapping channel control the discharge of molten material from the furnace. Their condition influences tap stability, tap duration, drilling and lancing requirements, clay performance, and the flow of molten material into the launder. Wear, enlargement, cracking, or poor repair quality in this area can change the way the furnace taps and can increase risk to the surrounding refractory.

The launder transfers molten material from the furnace to the ladle. It must maintain flow, minimize heat loss, resist erosion and chemical attack, and tolerate thermal cycling. Poor launder preheating, excessive buildup, rough refractory surfaces, poor drainage, cleaning damage, or local refractory wear can affect transfer reliability and increase maintenance requirements.

The ladle provides mobile containment and process flexibility. Ladle reliability depends on lining condition, slag-line wear, preheating practice, turnaround time, cleaning practice, repair quality, and the severity of the molten material and slag exposure. Problems in the ladle may be linked to upstream conditions such as slag carryover, tapping temperature, flow behaviour, or transfer time.

For this reason, refractory problems should not always be investigated in isolation. A taphole problem may affect the launder. Launder heat loss or buildup may affect ladle temperature and turnaround. Ladle wear may be influenced by tapping practice, slag carryover, or preheating. The full system should be considered before deciding on maintenance actions or repair scope.

A failure or deterioration in one part of the system may be caused by issues local to that specific vessel or component. For example, launder deterioration may result from poor launder material selection, poor installation quality, inadequate dryout, poor preheating, cleaning damage, or local refractory wear. Similarly, ladle lining problems may be caused by poor material quality, inadequate installation, insufficient preheating, poor repair practice, slag-line attack, or excessive thermal cycling within the ladle itself.

However, it is still important to keep the full containment and transfer system in mind. A local failure may be independent, but it may also be influenced by upstream or downstream conditions such as tapping temperature, slag carryover, flow stability, transfer time, or operating practice. The investigation should therefore start broad enough to consider the full system, then narrow down as the evidence becomes clearer.



Poor installation can create:

• Open pathways for slag, matte, metal, gas, or 
dust penetration 

• Local weakness, movement, cracking, or 
instability 

• Higher heat loss and shell temperature increases 

• Reduced repair life and shortened campaign life 

• Increased risk during tapping and molten 
material transfer

A correctly selected refractory can still 
underperform if it is installed poorly.

Why 
Installation 

Quality 
Matters
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Presenter Notes
Presentation Notes
Notes:
Installation quality determines whether the refractory lining placed into service reflects the design intent. A lining may be correctly specified and supplied, but if it is not installed correctly, the furnace does not receive the lining that was designed.

Poor installation can create weaknesses that may not be visible at the end of the work. Open joints, poor brick fit, poor surface preparation, incorrect expansion allowance, inadequate compaction, poor anchoring, or rushed curing and dryout can all create conditions that only become apparent once the lining is heated and exposed to molten material.

Installation quality also affects later failure analysis. If defects are not identified and recorded during installation, they may be hidden once the lining is complete, heated, or placed into service. This is why refractory inspection must be progressive and evidence-based, rather than relying only on final visual acceptance.

The key point is that installation quality is not only a construction issue. It directly affects furnace containment, tapping reliability, molten material transfer, safety, maintenance frequency, and campaign life.



Installation quality depends on controlling the 
details that affect lining performance:

• Correct material in the correct location 

• Surface preparation and cleanliness 

• Brick fit, alignment, and joint control 

• Monolithic mixing, placement, and compaction 

• Expansion allowance and anchoring 

• Curing, dryout, and heat-up readiness

Small installation details can have large in-service 
consequences.

Key 
Installation 

Controls
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Presenter Notes
Presentation Notes
Notes:
Key installation controls are the practical checks that help ensure the refractory lining is installed in accordance with the design intent. These controls apply to new installations, repairs, shutdown maintenance, and replacement of worn refractory areas.
The first control is confirming that the correct material is installed in the correct location. Many furnaces use different refractory materials in different zones because the wear mechanisms are not the same throughout the system. A material suitable for one area may not be suitable for another. Material grade, shape, batch number, shelf life, storage condition, and traceability should therefore be checked before installation.
Surface preparation and cleanliness are critical, especially for repairs and monolithic installations. Refractory should not be installed over loose material, dust, slag, matte, metal, glaze, oil, moisture, or unstable old refractory. Poor surface preparation can prevent bonding, create weak interfaces, and reduce repair life.
For brick linings, installation control includes brick fit, alignment, joint thickness, bonding pattern, orientation, cutting quality, and expansion allowance. Bricks should be stable, correctly seated, and installed according to the approved drawings and method statement. Poor joint control or contamination between bricks can create penetration paths for slag, matte, metal, gas, or dust.
For monolithic linings, installation control includes water addition, mixing time, working time, placement, vibration or compaction, finishing, curing, and dryout preparation. These materials develop their final installed properties through the installation process. Incorrect water addition, poor mixing, insufficient compaction, or poor curing can change the installed density, strength, permeability, and dryout behaviour.
Expansion allowance and anchoring must also be controlled. Expansion joints, expansion papers, compressible materials, dry joints, and anchor systems are not incidental details. They are part of the lining design. If they are omitted, misplaced, contaminated, overfilled, or modified without approval, the lining may not move or support itself as intended during heat-up and operation.
Finally, installation is not complete until the lining is ready for curing, dryout, and heat-up. The installation team should confirm that the lining is clean, inspected, documented, and released for the next stage. Any non-conformances, technical queries, field changes, or incomplete areas should be closed out before dryout or start-up begins.



Brick lining performance depends on controlled 
geometry and tight workmanship:

• Correct brick shape, grade, and orientation 

• Joint thickness and joint cleanliness 

• Bonding pattern, alignment, level, and radius 

• Cutting quality and closure brick control 

• Expansion allowance and dry joint control 

• Progressive inspection as the lining is built 

Brickwork quality is built row by row, course by 
course and therefore cannot simply be inspected 

at the end.

Brick 
Linings – 

Installation 
Control
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Presenter Notes
Presentation Notes
Notes:
Brick linings rely on controlled geometry, tight workmanship, and progressive inspection. Unlike many monolithic linings, brick linings are assembled from individual units, so the performance of the lining depends on how well those units fit together and how accurately the lining follows the design geometry.

The correct brick grade, shape, and orientation must be confirmed before installation. Many furnace linings use different brick types or shapes in different zones, and some shapes are designed to work in a specific orientation. Incorrect placement may affect joint alignment, load transfer, expansion behaviour, or wear resistance.

Joint control is one of the most important aspects of brick installation. Excessive joints, open joints, poorly filled joints, contaminated dry joints, or inconsistent joint thickness can create pathways for slag, matte, metal, gas, or dust penetration. Once penetration occurs, local wear may accelerate and the lining may no longer perform as intended.

Brick fit and alignment are also critical. Bricks should be stable, correctly seated, and installed to the required level, radius, plumbness, or slope. Poorly fitted bricks can create local stress points, movement, open joints, or uneven load transfer. In curved or circular linings, small errors in radius or alignment can accumulate as the lining progresses.

Cutting and closure brick control are important because poorly cut bricks can create weak areas, excessive joints, or unstable closure zones. Closure pieces should not be used to force a poor fit or compensate for earlier dimensional errors. Where brick cutting is required, it should be controlled, documented, and consistent with the approved drawings or method statement.

Expansion allowance must be installed as designed. Expansion joints, expansion paper, compressible layers, and dry joints should not be added, omitted, doubled up, filled with debris, or moved without approval. These features allow the brick lining to expand and move into its intended hot operating condition.

In some linings, repeated heating, cooling, infiltration, or incomplete recovery of expansion allowance can contribute to progressive movement or “ratcheting” over successive campaigns. This is one reason why dimensional control, joint condition, expansion allowance, and records of previous lining movement are important during installation and maintenance.

Progressive inspection is essential. Brickwork quality is built course by course. Once a course is covered, many important details are no longer visible. This is why joint control, brick fit, cleanliness, expansion allowance, closure details, and dimensional checks should be verified as the work progresses, rather than relying only on a final visual inspection.



Monolithic refractory performance depends on control 
during mixing, placement, and curing:

• Correct material, batch, shelf life, and storage 
condition 

• Surface preparation and anchoring 

• Anchor type, spacing, orientation and attachment

• Water addition, mixing time, and working time 

• Placement, vibration, ramming, or compaction 

• Cold joint and layer thickness control 

• Curing, dryout, and heat-up readiness 

Monolithics develop their installed properties during 
installation.

Monolithic 
Linings – 

Installation 
Control
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Presentation Notes
Notes:
Monolithic refractories are installed as loose, plastic, cast, rammed, or gunned materials and only develop their final installed properties through controlled installation, curing, dryout, and heat-up. This makes installation control especially important. A material may meet its supplied specification, but poor site control can change the installed density, strength, permeability, bond quality, shrinkage behaviour, and dryout response.

The correct material, batch number, shelf life, and storage condition should be confirmed before use. Monolithic materials can be sensitive to moisture exposure, damaged packaging, expired shelf life, segregation, or contamination. Material that has been poorly stored or used outside its approved shelf life may not develop the intended properties after installation.

Surface preparation is critical. The substrate or existing refractory surface should be sound, clean, and suitable for the material being installed. Loose refractory, dust, slag, matte, metal, oil, excessive moisture, glaze, or weak old refractory can prevent proper bonding and shorten repair life. For repairs, the new-to-old refractory interface should be treated as a high-risk area.

Anchoring should be treated as part of the lining system, not as an accessory. In anchored monolithic linings, the refractory and the anchor system work together. Anchor type, spacing, orientation, attachment, alloy selection, condition, and coating requirements should be checked before the refractory is installed. If the anchor system is incorrectly selected, poorly installed, damaged, corroded, inadequately spaced, or not properly attached, the refractory may crack, detach, slump, or fail even if the refractory material itself is suitable.

Water addition, mixing time, and working time must be controlled. Too much water can increase porosity, reduce strength, increase shrinkage, and make dryout more difficult. Too little water can reduce flow, workability, placement quality, and compaction. Materials should not be used after their working time has expired and partially set material should not be re-tempered unless specifically permitted by the supplier.

Placement and compaction determine the installed structure of the monolithic lining. Castables require correct placement and vibration; ramming materials require controlled layer thickness and compaction; gunning materials require correct nozzle technique and rebound control. Poor placement can lead to voids, laminations, segregation, low density, poor bonding, or weak interfaces.

Cold joints and layer thickness must also be controlled. A cold joint can create a plane of weakness or a penetration path if the material is not properly tied together. Excessive lift thickness, poor sequencing, or interruptions during placement can affect compaction, curing, and dryout behaviour.

Curing, dryout, and heat-up readiness should be confirmed before the lining is released for the next stage. At this point, the installation should be inspected, documented, and any non-conformances, technical queries, field changes, or incomplete areas should be closed out. The detailed distinction between curing, dryout, and heat-up is covered in the next slide.




Why Water 
Addition 
Control 
Matters

Water addition controls both placement and final 
installed properties:

• Too little water can reduce workability, wetting, 
compaction, and bond development. 

• Too much water can increase porosity, shrinkage, 
permeability, and dryout risk. 

• The optimum range balances workability with density, 
strength, and dryout behaviour. 

• Water addition should be measured and recorded, not 
judged by eye. 

Water is an installation variable, not just a 
convenience.
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Notes:
Water addition is one of the most important installation controls for castable refractories. It directly affects the workability of the material during placement, but it also influences the final installed properties of the lining.

If too little water is added, the castable may be difficult to mix, place, vibrate, and compact properly. This can result in poor flow, poor consolidation, voids, honeycombing, laminations, poor bonding around anchors, and low installed density. Even though the material may appear “dry” and strong, it may not have been properly placed or compacted.

If too much water is added, the material may become easier to place in the short term, but the final lining properties can be compromised. Excess water can increase porosity, reduce density, reduce strength, increase shrinkage, increase permeability, and make dryout more difficult. Additional water must later be removed during curing and dryout, increasing the risk of cracking, spalling, or steam-pressure damage if heating is not properly controlled.

The optimal water range is therefore a balance between sufficient workability for placement and sufficient control to achieve the intended installed density, strength, porosity, and dryout behaviour. Water addition should follow the supplier’s recommended range and should be measured and recorded, not estimated by eye. This is especially important during shutdown or project work, where there may be pressure to add more water to improve workability or speed up placement. Adding water to make the material “easier to work” may solve a short-term installation problem while creating a longer-term lining performance problem.



Pause and Think 
Scenario 2:

Installation Looked 
Acceptable, 

Service Problems 
Developed

The refractory installation was 
completed and appeared visually 

acceptable. After start-up, one area 
showed higher shell temperatures, 
faster local wear, shorter repair life.

Discussion Questions:
1. What installation-related issues could 

cause this?
2. What evidence would you review?
3. What should have been checked before 

start-up?
4. What would be difficult to prove later if no 

installation records were kept?
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Presentation Notes
Notes:
A refractory lining may look visually complete but still contain installation defects that only become apparent during operation. Visual appearance alone is not enough to confirm that the lining has been installed correctly.

For brick linings, possible installation-related causes include excessive joint thickness, open joints within and between courses, poor brick fit, incorrect bonding pattern, incorrect brick orientation, poor cutting, misalignment, poor contact between courses, contamination in dry joints, incorrect mortar application, or misplaced expansion allowance.

If joints are too large or poorly filled, they may provide pathways for slag, matte, metal, gas, or dust penetration. Once penetration begins, local densification, chemical attack, thermal conductivity changes, or mechanical disruption may accelerate wear in that area.

For monolithic linings, possible causes include incorrect water addition, poor mixing, inadequate vibration or compaction, low installed density, segregation, poor surface preparation, cold joints, poor bonding to the existing refractory, inadequate anchoring, incorrect anchor spacing, poor curing, or rapid dryout.

For repairs, special attention should be given to the interface between the existing refractory and the new repair material. A repair may fail prematurely if the old surface was contaminated, glazed, cracked, dusty, too smooth, too cold, too wet, or not properly keyed. The new-to-old refractory tie-in is often one of the weakest parts of a repair.

Evidence to review should include inspection records, photographs, dimensional surveys, hold-point sign-offs, material batch records, water addition records, curing records, dryout logs, and any non-conformance reports. Where possible, operating data such as shell temperature trends, tap temperatures, heat-up history, and inspection photos after shutdown should also be reviewed. 

Last-minute design or installation changes made to suit site conditions, access constraints, material availability, or project schedule pressure can also lead to in-service problems if they are not properly engineered and documented. Examples may include changes to lining thickness, brick cutting arrangements, expansion allowance, anchoring, repair geometry, material substitution, or new-to-old refractory tie-in details.

It is important that these changes are formally controlled through technical queries, field change notices, concessions, engineering approvals, or other agreed project procedures. The documentation should clearly state what was changed, why the change was required, who approved it, and whether any additional installation, dryout, inspection, or operating controls are needed.

The key lesson is that installation quality must be verified during the work. Once the furnace is back in service, many defects are hidden and can only be inferred from symptoms, records, or later inspection.



Curing, drying, and Heat-Up are not the same. Each 
stage has a different purpose:

• Curing: develops initial bond and structural integrity 

• Dryout: removes free and chemically bound water 

• Heat-up: brings the lining toward operating 
condition 

• Each stage must be based on the material, thickness, 
and lining system 

• Shortening one stage can compromise the next 

Curing develops the lining. 
Dryout removes water. 

Heat-up prepares the lining for service.

Curing, 
Dryout, 

and 
Heat-Up
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Notes:
Curing, dryout, and heat-up are related but separate stages. Each has a different purpose, and each stage affects the condition of the refractory lining before it enters service.

Curing is the controlled period after installation that allows the refractory material, especially hydraulically bonded castables, to develop strength and bond before forced heating begins. This is often the first 24–48 hours, depending on the material, lining thickness, ambient conditions, and supplier recommendations. During curing, the material should generally be protected from premature drying, vibration, freezing, contamination, traffic, or damage. In hydraulically bonded castables, curing allows the reaction between the binder, typically calcium aluminate cement, and water to develop the initial solid bond and structural integrity of the lining.

Dryout is the controlled heating process used to remove free water and chemically bound water from the lining before the furnace is returned to service. Dryout must be managed carefully to avoid steam pressure buildup, cracking, spalling, or premature damage. It is the slow, staged application of heat designed to drive off both physically held/free water and chemically bound water.

Heat-up brings the lining toward its operating condition. In brick linings, heat-up is also important because it allows the lining to expand progressively into its designed hot condition. Expansion papers or temporary fillers may burn out or compress, while the brickwork expands and settles. This controlled movement should occur before significant molten material is formed in the furnace. If heat-up is too rapid or uneven, the brick lining may not have time to close joints, seat properly, or develop the intended compressive stability. Open joints, poorly seated bricks, unburned expansion materials, or uneven thermal growth can create pathways for slag, matte, metal, gas, or dust penetration once liquid phases are present.

These stages should be based on the actual refractory materials, lining thicknesses, lining system, furnace geometry, ventilation, burner control, and supplier recommendations. Shortening curing, dryout, or heat-up without technical review can compromise the lining before it reaches normal operation.

Essentially: Curing develops the lining. Dryout removes water from the lining. Heat-up prepares the lining for service. These processes are sequential and complementary. One cannot simply replace the other.



Refractory work often occurs late in the project or 
shutdown sequence:

• Earlier delays are often pushed into the refractory 
window 

• Installation, curing, dryout, and heat-up may come 
under pressure 

• Inspection hold points may be shortened or bypassed 

• Repair scope may be reduced to recover time 

• Short-term schedule recovery can create long-term 
furnace integrity risk 

The refractory installation, dryout, and heat-up 
window is one of the worst places to recover lost 

project time by removing technical controls.

Refractory 
Work 
Under 

Schedule 
Pressure
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Refractory installation often occurs late in a project or shutdown sequence. By the time the refractory team receives access, delays from civil, structural, mechanical, electrical, cooling system, or upstream construction activities may already have reduced the available installation window.

This creates a common project risk: pressure to recover lost time during refractory installation, curing, dryout, or heat-up. However, these activities are not simply schedule tasks. They are technical controls that influence the condition of the lining before the unit returns to service.

Schedule pressure can lead to several poor decisions, including reducing inspection hold points, accepting incomplete surface preparation, reducing repair scope, overlapping incompatible work fronts, using material under less controlled conditions, shortening curing time, or compressing dryout and heat-up schedules.

The immediate effect may appear positive because the project or shutdown schedule is recovered. However, the longer-term consequence may be a lining that enters service with hidden defects, residual moisture, inadequate strength development, poor bonding, poor expansion control, or incomplete inspection records.

This is especially important because refractory defects are often difficult to correct once the furnace is heated and returned to operation. A shortcut taken during installation, curing, dryout, or heat-up may later appear as cracking, spalling, local hot spots, unstable tapping, increased maintenance frequency, or reduced campaign life.
Some schedule optimization may be possible, but it must be technically reviewed and approved. There is a difference between optimizing a schedule based on material properties, lining thickness, dryout data, burner control, and supplier input, and simply removing technical controls to meet a start-up date.

The key message is that the refractory installation, dryout, and heat-up window is one of the worst places to recover lost project time by removing technical controls. Doing so can transfer project schedule pressure directly into furnace integrity risk.



Time savings should come from planning, engineering, and 
better project controls:

• Early supplier and QA/QC involvement 

• Pre-approved installation, curing, dryout, and heat-up 
procedures 

• Material selection suited to the required installation, 
dryout and service duty

• Controlled storage, access, sequencing, and work-front 
readiness 

• Adequate burner control, ventilation, thermocouple 
placement, and monitoring 

• Supplier-approved fast-dryout systems, where suitable 

Dryout can sometimes be optimized — but it should not 
be improvised.

Improving dryout behaviour must not compromise the 
properties required for service.

Where 
Time Can 

be Saved – 
and Where 
it Should 

Not be 
Forced

17

Presenter Notes
Presentation Notes
Notes
Time can be saved in refractory projects, but the safest time savings usually come from planning, engineering, preparation, and better project controls rather than removing critical technical controls during installation, curing, dryout, or heat-up.

A common question is whether “better quality” refractory materials can shorten dryout or heat-up. The answer is: sometimes, but not automatically. A higher-quality refractory material may offer better consistency, improved installation behaviour, better resistance to wear, or tighter manufacturing control, but this does not automatically mean that the dryout curve can be shortened.

For monolithic refractories, dryout time may sometimes be reduced if the material and lining system are specifically designed for improved drying behaviour. This may include lower water-demand castables, improved permeability, permeability-enhancing additives, organic fibres, or other drying aids that assist moisture escape during controlled heating. However, fast-dryout behaviour must be engineered and validated for the specific duty. Additives or formulation changes that improve dryout behaviour may also affect density, porosity, permeability, strength, corrosion resistance, hot properties, or refractoriness-under-load behaviour. They should therefore not be treated as a simple way to shorten dryout unless the supplier and refractory specialist confirm that the final installed properties remain suitable for the service environment.

Dense and high-performance castables are not automatically faster or easier to dry. In some cases, dense or low-permeability castables require more careful dryout because moisture escape is more restricted. Drying is often considered a critical stage for dense refractory castables during first heat-up because reduced permeability can contribute to explosive spalling and mechanical damage during water removal. 

For shaped refractory linings, time saving is usually less about “drying the lining faster” and more about controlling heat-up, expansion movement, joint closure, mortar or backup moisture removal, and the development of the intended hot lining condition. Brick linings may still include mortars, ramming materials, backup layers, insulation, or repair zones that require controlled heating. The lining must also be allowed to expand progressively before significant molten material is formed.

Time savings may be possible through better project controls, including early supplier and QA/QC involvement, pre-approved installation, curing, dryout, and heat-up procedures, controlled storage, adequate access, correct sequencing, work-front readiness, experienced crews, reliable burner control, good ventilation, and properly located and monitored thermocouples. These controls allow the work to proceed efficiently without bypassing the technical steps that protect the lining.

The danger is when time is recovered by simply removing curing time, shortening dryout holds, increasing ramp rates, reducing inspection, or starting up before the lining is ready. That is not optimization; it is risk transfer. Improper dryout can lead to microcracks, shorter lining life, or steam explosion.

Dryout and heat-up can sometimes be optimized, but they should not be improvised. Any change to the approved dryout or heat-up schedule should be reviewed by the refractory supplier, refractory specialist, dryout contractor, installation contractor, OED or owner’s engineering representative, and operations team, as applicable.

The key distinction is between engineered optimization and schedule-driven shortcutting. Engineered optimization is planned, technically justified, documented, and monitored. Shortcutting removes critical controls without fully understanding the refractory risk.



Pause and Think 
Scenario 3:
Shortened 

Dryout/Heat-Up

• Refractory installation finished late
• Start-up date is fixed 
• Dryout/heat-up schedule is reduced to 

recover time 
• After return to service, cracking and hot 

spots appear early

Discussion Questions:
1. What risks were introduced?
2. What evidence would you review?
3. What should have been challenged before start-

up?
4. Was the dryout optimized – or simply 

shortened?
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Refractory installation is often one of the final major activities before furnace commissioning or return to service. As a result, delays from earlier project activities may place pressure on the refractory team to recover schedule. This can lead to proposals to shorten curing, reduce dryout time, overlap incompatible activities, or accept incomplete inspections. 

Shortening dryout can introduce significant risk, particularly in monolithic linings, thick linings, dense materials, low-permeability materials, or repairs where moisture may be trapped at the interface between old and new refractory. Free water and chemically bound water must be removed under controlled conditions. If heat-up is too fast, steam pressure can build up within the lining, causing cracking, spalling, loss of strength, or explosive damage. A shortened dryout may also leave the lining with residual moisture. When the furnace is returned to service, this residual moisture can migrate, vaporize, or react under operating conditions. This may contribute to cracking, hot spots, local lining disruption, or premature repair failure.

The risk is not limited to castables. Brick linings, ramming materials, mortars, backup materials, insulation, and repaired areas may also require controlled heating, depending on the lining system, the amount of moisture present, and the materials installed.

For brick linings, controlled heat-up is important not only for removal of moisture from mortars, jointing materials, backup layers, or adjacent monolithics, but also to allow the lining system to expand progressively into its designed position. Expansion allowance, expansion paper, compressible materials, and dry joint systems are installed to accommodate thermal growth under controlled conditions. During heat-up, expansion papers or temporary fillers may burn out or compress, while the brickwork expands and settles into its operating condition. This controlled expansion should take place before the furnace is exposed to full operating loads or before significant quantities of molten material are formed. If heat-up is too rapid, uneven, or incomplete, the brick lining may not have sufficient time to close joints, seat properly, or develop the intended compressive stability. This can leave open pathways for slag, matte, metal, gas, or dust penetration once liquid phases are present.

In brick linings, the concern is therefore not only moisture removal. It is also the controlled development of the as-hot lining geometry. If the lining is brought into service too quickly, poorly seated bricks, unburned expansion materials, open joints, or uneven thermal expansion may contribute to early penetration, movement, cracking, local hot spots, or premature wear.

Before agreeing to a reduced dryout schedule, the technical basis should be reviewed. 
Important questions include: 
What materials were installed? 
What lining thicknesses are involved? 
What water was added? 
Were the materials cured properly? 
Are there thermocouples in meaningful locations? 
Is there evidence that moisture release has stabilized? 
Were hold points completed? 
Are the burners capable of controlled low-temperature operation? 
What does the refractory supplier or specialist recommend?

The key lesson is that dryout is not simply a schedule activity. It is a technical process that protects the installed lining before it enters service. Recovering time by reducing dryout can transfer project schedule risk into long-term furnace integrity risk.



Pause and Think 
Scenario 4:

Heating Interruption 
During Dryout or 

Heat-Up

The dryout was planned and executed properly 
BUT during dryout / heat-up:
• A burner trips or heating is lost 
• Lining temperatures begin to fall 
• Steam release or expansion movement may not be complete 
• The team wants to restart and continue the original curve 

Discussion questions
1. What risks are introduced for monolithic linings? 
2. What risks are introduced for shaped refractory / brick linings? 
3. Can the original curve simply be resumed? 
4. What evidence should be reviewed before reheating? 
5. Who should approve the revised restart plan? 

A heating interruption should trigger technical review before 
continuing.
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A heating interruption during refractory dryout or heat-up can create risk in both monolithic and shaped refractory linings, although the mechanisms may differ.

For monolithic linings, dryout is a controlled water-removal process. If heating is lost before the lining has completed the required drying stages, moisture may remain in the lining, redistribute, or condense in cooler areas. When heating resumes, the lining may no longer behave as though the original dryout curve had simply paused. Reheating too quickly can increase the risk of steam pressure buildup, cracking, spalling, or explosive damage. 

For shaped refractory / brick linings, the risk is often related to controlled heat-up, thermal expansion, and lining movement. Brick linings may include mortars, ramming materials, backup materials, insulation, or repair zones that still require controlled water removal. In addition, the brickwork itself must expand and settle into its intended hot operating condition. If heat-up is interrupted or resumed too quickly, uneven expansion may leave open joints, create local stress, disturb expansion allowance, or prevent the lining from seating properly before molten material is formed.

The original dryout or heat-up curve should not automatically be resumed without review. The team should review the actual temperature history, thermocouple readings, duration of the interruption, minimum temperature reached during cooling, stage of dryout or heat-up at the time of the trip, steam observations, ventilation condition, material types, lining thicknesses, repair areas, and supplier recommendations.

Depending on the interruption, the revised plan may require returning to a previous hold temperature, extending a hold, reducing the ramp rate, repeating part or all of the dryout, or obtaining supplier / refractory specialist / engineering approval before continuing.

The key point is that a dryout or heat-up curve is not only a temperature target. It is a controlled conditioning process for the lining. Once heating is interrupted, the lining condition may no longer match the assumptions of the original curve.



Refractory linings must be able to move as they heat up and 
cool down:

• Different materials expand at different rates 

• Expansion allowance must be designed and installed 
correctly 

• Expansion joints, papers, dry joints, and compressible 
layers must remain clean and correctly positioned 

• Inadequate movement allowance can cause crushing, 
cracking, spalling, or displacement 

• Excessive or poorly located gaps can become penetration 
paths 

Expansion allowance is a controlled design feature, not 
simply extra space.

Thermal 
Expansion 
and Lining 
Movement
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Refractory linings expand when they are heated and contract when they cool. This movement must be considered during both design and installation. Expansion allowance is primarily provided to accommodate reversible thermal expansion during heat-up and operation, so that the lining can move into its intended hot operating condition without being excessively restrained, crushed, displaced, or opened up in a way that creates penetration paths.

This reversible thermal expansion should be distinguished from permanent dimensional change after heating. Refractory materials may undergo permanent dimensional changes after exposure to elevated temperature. This is often assessed as permanent linear change, or PLC. PLC may be positive or negative, depending on the material and temperature exposure, and can result from sintering, phase changes, shrinkage, or mineralogical transformations. These permanent changes should be considered during lining design, especially in systems exposed to high temperature, repeated thermal cycling, or long campaign durations.

Different refractory materials expand at different rates. Dense working linings, backup linings, insulating materials, mortars, ramming materials, castables, anchors, shells, and cooling elements may all respond differently during heat-up and cooling. These differences can create stress if movement is not properly accommodated.

Expansion allowance may be provided through designed joints, dry joints, expansion papers, compressible boards, fibre layers, or other compressible materials. These are controlled design features and should be installed only where specified. They should not be omitted, doubled up, moved, filled with debris, or added informally to compensate for poor fit.

During heat-up, some expansion papers or temporary fillers may burn out, compress, or degrade, while the refractory lining expands into the available space. This controlled movement should occur before the lining is exposed to full operating duty or significant molten material contact. If the lining is heated too quickly or unevenly, it may not move as intended.

Insufficient expansion allowance can lead to excessive compressive stress, crushing, cracking, spalling, buckling, displacement, or loss of lining stability. However, excessive or poorly located gaps can also create problems by allowing slag, matte, metal, gas, or dust to penetrate the lining.

Thermal movement is especially important in areas with high temperature gradients, frequent cycling, restrained geometry, transitions between different refractory materials, or interfaces between hot-face linings and backup systems. It is also important in tapholes, tapping channels, launders, and ladles where repeated heating, cooling, cleaning, and repair can change lining geometry over time.
In some linings, repeated heating, cooling, infiltration, or incomplete recovery of expansion allowance can contribute to progressive movement or “ratcheting” over successive campaigns. This can reduce available expansion space, change lining geometry, increase joint opening, increase local restraint or make future rebuilds more difficult. Where there is evidence of repeated lining movement, compressed expansion materials, or changing refractory geometry, this should be considered during maintenance planning and failure analysis.

The key point is that expansion allowance is not simply extra space. It is a controlled part of the lining design and must be installed, protected, inspected, and maintained accordingly.



Expansion details must be installed exactly as intended:

• Expansion papers, dry joints, and compressible layers 
must be correctly located 

• Expansion gaps must be protected from debris, 
mortar, dust, slag, or ramming material 

• Field changes must be technically reviewed and 
documented 

• Cooling elements can affect whether expansion 
paper burns out as intended 

• Poor expansion control can create restraint, 
movement, or penetration paths 

The aim is controlled movement — not uncontrolled 
gaps or unintended restraint.

Expansion 
Allowance – 
Installation 

Risks
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Expansion allowance must be installed with the same level of control as the refractory materials themselves. Expansion papers, dry joints, compressible boards, fibre layers, and other movement allowances are not general-purpose packing or gap-filling materials. They are part of the lining design and are intended to control how the lining moves during heat-up and service.

A common installation risk is that expansion details are omitted, moved, doubled up, filled with mortar, contaminated with dust or debris, or adjusted on site to make installation easier. These changes can alter the way the lining expands, transfers load, seals joints, or develops stability during heat-up.

Expansion gaps must be kept clean. If debris, mortar, dust, slag, ramming material, or broken refractory pieces enter the expansion space, the lining may become restrained. This can reduce the available movement allowance and may lead to crushing, cracking, spalling, buckling, or displacement during heat-up.

The opposite problem can also occur. If gaps are too large, poorly located, or created unintentionally, they can become penetration paths for slag, matte, metal, gas, or dust. This can lead to local infiltration, increased heat transfer, local hot spots, chemical attack, or accelerated wear.

Cooling elements require special attention. In some cases, expansion paper placed directly against a copper cooling element may not burn out as intended because the local temperature remains too low. Where this occurs, the expansion detail may need to be reviewed and adjusted so that the required total expansion allowance is still provided in a suitable location.

Any field change to expansion allowance should be technically reviewed and formally documented. This may be done through a technical query, field change notice, concession, or engineering approval. The record should explain what changed, why it changed, who approved it, and how the required movement allowance was maintained.

The key point is that expansion allowance is not simply empty space. It is a controlled design feature that must be installed, protected, inspected, and documented.



Tapholes and tapping channels are exposed to 
combined refractory wear mechanisms:

• High temperature molten material flow 

• Slag, matte, metal, and gas interaction 

• Drilling, lancing, cleaning, and mechanical damage 

• Thermal cycling during opening, tapping, and closing 

• Repeated repair and maintenance interventions 

Tapping reliability depends on both refractory 
condition and operating practice.

Tapholes 
and 

Tapping 
Channels
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Tapholes and tapping channels are among the highest-duty refractory zones in a furnace because they experience several wear mechanisms at the same time. They are exposed to high-temperature molten material flow, chemical attack, thermal cycling, mechanical damage, and repeated maintenance interventions.

During tapping, molten slag, matte, or metal flows through a concentrated discharge path. This can cause erosion, washout, chemical attack, and local overheating. If the tapping channel geometry changes over time, the flow pattern may also change, which can further accelerate wear or make tapping less stable.

Tapholes and tapping channels are strongly affected by operating practice. Drilling, oxygen lancing, clay injection, cleaning, and re-opening all introduce mechanical and thermal stresses. Increased drilling time, more frequent lancing, or higher clay consumption may indicate that the taphole geometry, tapblock condition, clay behaviour, or operating conditions are changing.

Thermal cycling is another important factor. The tapping area may experience repeated heating and cooling during opening, tapping, closing, maintenance, and shutdowns. These cycles can contribute to cracking, spalling, joint opening, repair breakdown, or progressive weakening of the surrounding refractory.

Repairs in the tapping area are often carried out under time pressure because tapping reliability is directly linked to furnace availability. However, poor surface preparation, unsuitable repair material, weak new-to-old refractory tie-ins, inadequate compaction, insufficient curing, or rushed heat-up can reduce repair life and lead to repeated maintenance.

Taphole and tapping channel performance should therefore be assessed using both refractory and process evidence. The condition of the refractory cannot be separated from tapping temperature, tap duration, tap frequency, drilling time, lancing frequency, clay consumption, slag or matte chemistry, and maintenance history.

The key point is that tapping reliability depends on both refractory condition and operating practice. A refractory repair may not solve the problem if the underlying issue is related to tapping behaviour, process conditions, clay performance, or repeated mechanical damage.



Changes in tapping behaviour can indicate developing 
refractory or process issues:

• Increased drilling time or oxygen lancing 

• Higher taphole clay consumption 

• Unstable tap stream or change in stream direction 

• Increased slag carryover 

• Local shell temperature increase 

• Shorter repair life or more frequent taphole repairs

Treat changing tapping behaviour as a refractory 
integrity signal, not only an operating issue.

Operational 
Warning 

Signs 
Around 
Tapping
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Changes in tapping behaviour can provide early warning that the refractory condition, tapping practice, or process conditions are changing. These symptoms should not be treated only as operating inconveniences. They may indicate developing wear, geometry change, instability, or damage in the taphole, tapping channel, or surrounding refractory.

Increased drilling time or increased oxygen lancing may suggest that the taphole is becoming more difficult to open. This may be related to accretion formation, clay behaviour, poor plug removal, changing taphole geometry, lower local temperature, blockage, or tapblock wear. Increased lancing can also become part of the damage mechanism because it introduces localized heat, thermal shock, and mechanical disruption to the refractory.

Higher taphole clay consumption may indicate that the taphole or tapping channel geometry has enlarged, that clay is not sealing effectively, or that the tapping area is wearing faster than expected. It may also reflect changes in tapping frequency, tap duration, furnace conditions, or clay performance.

An unstable tap stream or change in tap stream direction means the molten material is no longer exiting in the expected direction, angle, or flow pattern. This may indicate uneven taphole wear, partial blockage, accretion, tapblock erosion, poor clay plug removal, excessive drilling or lancing damage, cracking, buildup in the tapping channel, or misalignment after repair. It can also increase localized wear in the launder if the stream begins impinging on an unintended area. This may be visible when the stream no longer hits the intended impact area in the launder, begins striking the sidewall or edge, splashes more than usual, wanders during tapping, creates localized wear in a new area, or causes buildup/skull formation in an unusual location. These changes should be treated as possible indicators of changing taphole or tapping channel geometry.

Slag carryover refers to slag being discharged or transferred with the intended molten product during tapping. This can increase refractory wear in tapping channels, launders, and ladles, particularly where the slag is chemically aggressive or contributes to buildup, cleaning damage, or slag-line attack.
A local shell temperature increase near the tapping area may indicate lining thinning, local infiltration, increased heat transfer, poor repair performance, cracking, or a change in the thermal condition of the refractory system. Shell temperature changes should be trended and compared with operating conditions, recent repairs, and previous inspection records.
Shorter repair life or more frequent taphole repairs should trigger investigation. Repeated repair in the same area may indicate that the repair method, material selection, surface preparation, dryout, or geometry restoration is inadequate. It may also indicate that the operating or tapping conditions have changed and are now exceeding the original maintenance basis.
The key point is that tapping behaviour is part of the refractory integrity picture. Changes in tapping performance should be reviewed together with refractory inspection records, process data, maintenance history, and operating trends.



A taphole or tapping-channel repair should restore:

• Geometry and flow path 

• Containment and wear resistance 

• Bond to existing refractory 

• Compatibility with process conditions 

• Readiness for curing, dryout, and return to service

 

The repair should address the underlying failure 
mechanism, not only the visible damage.

Taphole 
Repairs – 
Restoring 
Function, 
Not Just 

Filling 
Damage
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A taphole or tapping-channel repair should not be treated as simply filling a worn or damaged area. The repair must restore the function of the refractory-lined discharge system. This includes restoring geometry, containment, wear resistance, flow path stability, and compatibility with the furnace operating conditions.

The repair geometry is important because the taphole and tapping channel control how molten material leaves the furnace. If the repair does not restore the intended profile, alignment, or flow path, the furnace may continue to tap poorly even if the visible damage has been filled. Poor geometry can contribute to unstable flow, increased drilling or lancing, uneven wear, launder impingement, or repeated repair failure.

Surface preparation is critical. The repair material must be placed against sound, clean, and stable refractory. Loose, cracked, infiltrated, glazed, dusty, wet, or contaminated refractory can prevent bonding and reduce repair life. The new-to-old refractory tie-in should be treated as a high-risk interface.

The repair material must also be compatible with the operating environment and the existing refractory. It should be suitable for the temperature, slag/matte/metal chemistry, erosion conditions, thermal cycling, and expected return-to-service requirements. A repair material that is easy to install quickly may not be the correct material for the duty.

Curing, dryout, and heat-up requirements must be considered before the repair is released for service. Even a localized repair can introduce moisture, weak interfaces, or thermal mismatch. If the repair is returned to service too quickly, it may crack, de-bond, spall, or fail before it has developed adequate strength and stability.

The key point is that the repair should address the wear mechanism, not only the visible damage. If the underlying cause is not understood, the same area may require repeated repair without meaningful improvement in tapping reliability.



A repair cannot perform if it is placed onto an unstable 
substrate.

• Weak, cracked, infiltrated, glazed, or friable refractory 
must be reassessed 

• Repair boundaries may need to be extended beyond the 
visible damage 

• Additional demolition or replacement may be required 

• The repair detail may need engineering review and 
approval 

• Curing, dryout, and return-to-service requirements may 
change 

• A poor taphole repair is not only a maintenance issue; it can 
become a furnace containment and safety issue.

If there is no sound refractory to key into, the repair has 
become an engineering decision. 

If the repair cannot be keyed into sound refractory, 
continuing with the original repair scope may only delay 

the failure rather than correct it.

When 
There is No 

Sound 
Refractory 
to Key Into
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A refractory repair cannot perform properly if it is placed onto an unstable substrate. For a repair to last, the new material must be able to bond, key, or mechanically lock into sound existing refractory or a properly prepared support system.

During demolition or preparation for a taphole or tapping-channel repair, the visible damage may only represent the surface of a larger deterioration zone. Once the area is opened, the surrounding refractory may be cracked, infiltrated, friable, glazed, softened, contaminated, or unstable. In this condition, the original repair boundary may no longer be technically suitable.

If there is no sound refractory to key into, the repair scope should be reassessed before proceeding. The repair should not simply be placed over weak or unstable refractory to save time. Doing so may result in poor bonding, weak new-to-old interfaces, early cracking, debonding, washout, or repeated failure in the same area.

The repair boundary may need to be extended beyond the visible damage until sound refractory is reached. In some cases, additional demolition, deeper removal, replacement of surrounding refractory, a modified repair geometry, additional anchoring, formwork, ramming, casting, or shaped refractory replacement may be required.

This is also a point where schedule pressure can strongly influence decision-making. During a shutdown, there may be pressure to proceed with the original repair scope even when the exposed condition is worse than expected. However, once the repair no longer has a sound substrate, it has moved beyond a routine patch and should be treated as an engineering decision.

Any change to the repair scope should be formally reviewed and documented. This may require a technical query, field change notice, concession, or engineering approval. The documentation should identify the exposed condition, the reason for the change, the revised repair detail, and any additional curing, dryout, heat-up, or inspection requirements.

The key point is that the success of a repair depends not only on the repair material, but also on the condition of the refractory it is being installed against.



Launders must maintain controlled flow while 
resisting severe service conditions:

• High-temperature slag, matte, or metal flow 

• Heat loss and skull / buildup formation 

• Thermal cycling and preheating requirements 

• Erosion at impact zones and flow transitions 

• Cleaning damage and repeated maintenance 

Launder reliability depends on refractory condition, 
flow control, preheating, and maintenance 

practice.

Launders – 
Refractory 

Risks During 
Molten 

Material 
Transfer

26

Presenter Notes
Presentation Notes
Notes
Launders are refractory-lined transfer systems that must maintain controlled molten material flow between the furnace and the ladle. Although they may appear less complex than the furnace itself, they are exposed to severe service conditions and can strongly influence tapping reliability, temperature control, maintenance frequency, and downstream ladle performance.

During tapping, launders may carry high-temperature slag, matte, or metal. The refractory lining must resist erosion from flow, chemical attack from the molten phases, thermal shock during intermittent use, and mechanical damage during cleaning. Wear is often concentrated at impact areas, flow transitions, bends, changes in slope, or locations where buildup forms.

Heat loss is one of the most important launder-related issues. If the launder is not adequately preheated, insulated, covered, or maintained, molten material may lose temperature during transfer. This can increase skull or buildup formation, reduce flow stability, increase cleaning frequency, and affect the temperature of material received in the ladle.

Skull or buildup formation may be caused by inadequate preheating, excessive heat loss, low tap temperature, slow or intermittent flow, rough refractory surfaces, poor drainage, slag carryover, or changes in molten material chemistry. Buildup can then further disturb flow and create localized wear or cleaning damage.

Cleaning practices can also affect launder life. Mechanical cleaning, chipping, scraping, or aggressive skull removal may damage the refractory hot face, expose weaker layers, or create rough surfaces that promote further buildup. Cleaning method and frequency should therefore be considered when investigating launder deterioration.

Launder repairs must be treated with the same discipline as other refractory repairs. Surface preparation, material compatibility, repair thickness, curing, dryout, preheating, and return-to-service timing all influence repair life. A launder repair that is installed quickly but not properly cured, dried out, or preheated may fail prematurely.
The key point is that launder reliability depends on the combined effect of refractory condition, flow control, preheating, cleaning practice, and maintenance quality.



Ladles experience severe refractory duty because they 
combine containment, transfer, and process flexibility:

• High-temperature molten material and slag exposure 

• Slag-line wear and chemical attack 

• Thermal cycling from filling, emptying, and 
turnaround 

• Preheating, holding time, and temperature-loss 
effects 

• Cleaning, skull removal, patching, and repair quality 

Ladle reliability depends on lining condition, 
preheating practice, turnaround time, and 

maintenance discipline.

Ladles – 
Mobile 

Refractory 
Containment 

Systems
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Ladles are mobile refractory containment systems. They receive molten material from the furnace or launder, hold or transfer it for a period of time, and may also support downstream process requirements. Because they are mobile and cyclic in operation, ladles experience a different refractory duty from the furnace lining.

The ladle lining must resist high-temperature molten material, slag exposure, chemical attack, thermal cycling, mechanical impact, cleaning damage, and repeated repair. Wear is often concentrated in specific zones, especially the slag line, metal/matte line, bottom impact area, sidewalls, lip, and pouring area.

The slag line is often one of the most vulnerable areas because it is exposed to aggressive slag chemistry, oxygen potential changes, turbulence, and repeated contact with slag during filling, holding, and pouring. Increased slag carryover from the furnace can increase slag-line wear and may shorten ladle lining life.

Preheating is critical. A cold or poorly preheated ladle can cause rapid heat loss, thermal shock, skull formation, and poor flow. It can also increase the risk of cracking or spalling, especially where recent repairs have not been properly cured, dried out, or heated before service.

Ladle turnaround time also affects refractory performance. A ladle that cools too much between heats may experience more severe thermal cycling. A ladle that is returned to service too quickly after repair may contain residual moisture or underdeveloped repair material. Both situations can reduce repair life and increase safety risk.

Cleaning and skull removal are important maintenance activities, but they can also damage the lining. Aggressive mechanical cleaning may gouge, chip, crack, or roughen the refractory surface. This can expose weaker material, create initiation points for further wear, or increase the frequency of patching.

Frequent ladle patching should trigger investigation. It may indicate normal end-of-life wear, but it may also indicate poor preheating, slag-line attack, excessive slag carryover, unsuitable repair material, poor surface preparation, inadequate curing or dryout, aggressive cleaning, or operating conditions outside the expected duty.

The key point is that ladle reliability depends on lining condition, preheating practice, turnaround time, repair quality, cleaning method, and the condition of the material being transferred into the ladle.



Molten material transfer problems should be reviewed as a 
connected system:

• Taphole condition affects flow stability into the launder 

• Launder preheating and condition affect temperature 
loss and buildup 

• Slag carryover can increase launder and ladle refractory 
wear 

• Ladle preheating and turnaround affect lining 
performance 

• Repeated repairs may indicate an unresolved system 
issue 

Do not repair one component without considering the 
full transfer path.
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Tapholes, tapping channels, launders, and ladles should be reviewed as a connected molten material transfer system. Each component has its own refractory risks, but the performance of one area can influence the next.

The taphole and tapping channel control how molten material leaves the furnace. If the taphole geometry changes, if the tapblock wears unevenly, or if drilling and lancing increase, the tap stream may become less stable. This can affect how the stream enters the launder, where it impacts the launder lining, and how consistently molten material flows toward the ladle.

Launder condition affects the temperature, stability, and cleanliness of the transfer path. Poor launder preheating, excessive heat loss, skull buildup, rough refractory surfaces, poor drainage, or cleaning damage can reduce flow stability and increase temperature loss before the molten material reaches the ladle.

Slag carryover can link furnace and tapping behaviour directly to launder and ladle wear. If more slag is transferred with the intended molten product, the launder may experience increased chemical attack or buildup, and the ladle may experience increased slag-line wear.

Ladle performance is affected by its own lining condition, preheating practice, turnaround time, holding time, cleaning method, and repair quality. However, ladle wear may also be influenced by upstream conditions such as tapping temperature, slag carryover, flow stability, and transfer time.

Repeated repairs in one area should therefore be treated as a warning sign. If the taphole, launder, or ladle is repeatedly repaired without lasting improvement, the team should consider whether the problem is local to that component or whether it is being driven by conditions elsewhere in the transfer path.

The key point is not that every problem is system-driven. A launder may fail because of poor launder installation, poor material quality, poor preheating, or cleaning damage. A ladle may fail because of poor ladle practice, unsuitable repair material, or inadequate dryout. However, the full transfer path should still be considered before the investigation is narrowed.



When tapping or transfer performance deteriorates, 
review both refractory and process evidence:

• Taphole and tapping-channel condition 

• Launder preheat, buildup, cleaning, and repair 
history 

• Ladle preheat, turnaround, slag-line wear, and 
patching frequency 

• Tapping temperature, duration, frequency, and 
flow stability 

• Slag/matte chemistry, slag carryover, and 
operating changes 

• Inspection records, photographs, QA/QC records, 
and shell temperature trends 

Treat deterioration as a system problem until the 
evidence shows otherwise.
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Investigating 
Transfer 
System 

Deterioration

Presenter Notes
Presentation Notes
Notes
When tapping or molten material transfer performance deteriorates, the investigation should consider both refractory and process evidence. The furnace, taphole, tapping channel, launder, and ladle operate as a connected transfer system, so the visible problem may not always be located where the root cause started.

The taphole and tapping channel condition should be reviewed first because they control how molten material leaves the furnace. Changes in taphole geometry, tapblock wear, cracking, infiltration, increased drilling, or more frequent lancing can affect flow stability and the way molten material enters the launder.

The launder should be reviewed for preheat practice, buildup, skull formation, erosion, cracking, surface roughness, cleaning damage, drainage, repair history, and changes in flow path. Poor launder condition can increase temperature loss, promote buildup, increase cleaning frequency, and affect the condition of material delivered to the ladle.

The ladle should be reviewed for preheat practice, turnaround time, slag-line wear, bottom or impact wear, patching frequency, cleaning method, repair quality, and dryout or heat-up after repairs. Ladle deterioration may be caused locally, but it may also be influenced by upstream factors such as slag carryover, tapping temperature, transfer time, or unstable flow.

Process evidence is equally important. Useful data includes tapping temperature, tap duration, tap frequency, drilling time, lancing frequency, clay consumption, slag or matte chemistry, slag carryover, bath level, flow stability, and any recent operating changes.

Inspection and QA/QC records provide the evidence needed to link symptoms to causes. Useful records include photographs, shell temperature trends, supply and installation QA/QC records, repair records, dryout and heat-up records, non-conformance reports, technical queries, and previous inspection reports.

The purpose of the investigation is to determine whether the deterioration is local to one component or whether it is being driven by the wider transfer system. Until the evidence shows otherwise, transfer system deterioration should be treated as a system problem.



Pause and Think 
Scenario 5:
Tapping and 

Transfer System 
Deterioration

The taphole condition appears 
manageable, but :
• Launder cleaning is becoming more frequent
• Ladles require more patching
• Tap-to-ladle temperature losses have increased 
• Tapping appears less stable.

Discussion Questions:
1. What process and refractory factors could be 

linked?
2. What information would you request?
3. What should be investigated before deciding on 

the next repair?
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Presenter Notes
Presentation Notes
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The furnace, taphole, tapping channel, launder, and ladle should be considered as connected parts of the molten material containment and transfer system. A problem observed in one area may be linked to conditions upstream or downstream.

More frequent launder cleaning may indicate skull buildup, poor preheating, low flow temperature, poor launder geometry, excessive heat loss, intermittent flow, refractory wear, slag carryover, or changes in tapping practice. It may also indicate that the launder refractory is deteriorating, creating rough surfaces or local restrictions that promote buildup.

Frequent ladle patching may indicate increased slag-line attack, poor ladle preheating, longer holding times, higher tapping temperatures, slag carryover, thermal cycling, cleaning damage, or unsuitable repair materials. Ladles are especially sensitive to turnaround time, preheating, residual moisture, slag practice, and repeated hot/cold cycling.

Increased tap-to-ladle temperature loss may point to poor launder preheating, excessive launder heat loss, skull formation, longer transfer times, reduced flow rate, lower tap temperature, increased exposure time, or changes in launder cover/insulation condition.

Less stable tapping may be related to taphole geometry, tapblock wear, clay behaviour, drilling and lancing practice, furnace pressure, bath level, accretions, slag carryover, or changing process conditions. Even if the taphole appears manageable, deterioration in the transfer system may indicate that the overall tapping arrangement is becoming less stable.

The investigation should consider both refractory and process evidence. Useful data includes tap temperature, tap duration, tap frequency, drilling time, lancing frequency, clay consumption, slag/matte chemistry, slag carryover, launder preheat temperature, ladle preheat practice, ladle turnaround time, cleaning method, repair frequency, repair material records, photographs, shell temperature trends, and previous inspection reports.

The key lesson is that taphole, launder, and ladle issues should not be investigated in isolation. Molten material transfer reliability depends on the complete transfer path.



Refractory QA/QC supports both installation quality 
and future failure analysis:

• Confirms supplied materials meet specification 

• Verifies installation against drawings, method 
statements, and ITPs 

• Records hold points, deviations, concessions, and 
field changes 

• Documents curing, dryout, heat-up, and release to 
service 

• Provides evidence for troubleshooting and root 
cause failure analysis 

QA/QC helps confirm design intent was followed 
and preserves the evidence trail for future 

troubleshooting.
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QA/QC 
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Refractory QA/QC is not only about checking whether the installation looks acceptable at the end of the work. It is about building an evidence trail from material supply through installation, curing, dryout, heat-up, operation, and maintenance.

Supply QA/QC helps confirm that the correct refractory materials were manufactured, inspected, tested, documented, packed, and released in accordance with the approved specification. This may include supplier inspection reports, material certificates, test reports, batch numbers, dimensional checks, visual inspection records, packaging checks, shelf-life information, third party inspection reports and release documentation.

Installation QA/QC verifies that the supplied materials were installed according to the approved drawings, method statements, inspection and test plans, supplier recommendations, and project requirements. This includes checks on material traceability, storage condition, brickwork quality, joint control, surface preparation, anchoring, water addition, mixing, compaction, curing, dryout readiness, field changes, and hold-point sign-offs.

Deviations, concessions, non-conformances, and field changes should be formally recorded and closed out. In refractory work, site changes may be necessary, but they should not be informal. The record should explain what changed, why it changed, who approved it, and whether any additional inspection, dryout, heat-up, or operating controls are required. It should also be documented whether any changes  should be a permanent design change or if the change was the result of site conditions at the time of the installation.

Dryout and heat-up records are also part of the QA/QC evidence trail. These records help confirm whether the lining was brought toward service condition in a controlled manner. If premature cracking, spalling, hot spots, or early wear occur later, dryout and heat-up data may become critical to the failure investigation.

Good QA/QC does not guarantee that a refractory lining will never fail, but it helps ensure that the lining has been supplied, handled, installed, cured, dried out, and released to service in accordance with the design intent, approved specifications, and good refractory practice. It gives the lining the best practical opportunity to perform as intended.

It also greatly improves the ability to determine what happened if premature wear or failure occurs. Without records, it becomes difficult to distinguish between material-related, installation-related, operation-related, maintenance-related, or process-related causes.

The key point is simple: if it was not checked and recorded at the time, it is difficult to prove later.



A failure investigation should consider:

• Material selection, supply quality, and storage 

• Installation workmanship and field changes 

• Curing, dryout, heat-up, and commissioning 

• Operating conditions and process chemistry 

• Maintenance methods and repair history 

• QA/QC records, photographs, and inspection 
evidence 

Failure analysis should be evidence-led, not 
blame-led.

The visible damage is not always the root cause.
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Root Cause 
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Presenter Notes
Presentation Notes
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Root cause failure analysis should begin with evidence, not assumptions. Refractory failures are often multi-factorial, which means that the visible damage may be the result of several contributing factors rather than one single cause.

A failure investigation should consider the full refractory performance chain. This includes whether the material was correctly selected, whether the supplied material conformed to specification, whether it was stored and handled correctly, whether it was installed according to the approved drawings and method statements, and whether curing, dryout, heat-up, operation, and maintenance were properly controlled.

Material-related causes may include incorrect material selection, non-conforming supplied material, incorrect grade, poor batch consistency, dimensional issues, damage during transport, moisture exposure, expired shelf life, or unsuitable properties for the actual operating environment.

Installation-related causes may include poor workmanship, excessive joints, poor brick fit, incorrect expansion allowance, poor surface preparation, inadequate compaction, incorrect water addition, weak repair tie-ins, poor anchoring, undocumented field changes, or deviation from the approved method statement.

Operation-related causes may include higher-than-expected temperatures, changes in slag or matte chemistry, increased tapping frequency, slag carryover, increased oxygen lancing, bath level changes, thermal cycling, poor preheating, or operating conditions outside the original design basis.

Maintenance-related causes may include unsuitable repair materials, poor surface preparation, reduced repair scope, insufficient curing or dryout, aggressive cleaning, repeated temporary repairs, or repairs made without understanding the wear mechanism.

QA/QC records are critical because they help establish what actually happened. Supply inspection reports, material certificates, installation records, photographs, dimensional surveys, dryout logs, technical queries, non-conformance reports, and operating records allow the investigation to separate facts from assumptions.

The purpose of root cause failure analysis is not to defend or blame the material, installer, supplier, maintenance team, or operation. Emotions often run high after a premature failure, but the investigation should remain evidence-led. The objective is to identify the most likely contributing factors so that corrective actions can be taken and the same failure is not repeated.



Refractory reliability depends on clear 
communication between:

• Process and operations teams 

• Maintenance and project teams 

• Installation contractors 

• Refractory suppliers 

• QA/QC representatives and inspectors 

• Refractory specialists / engineering 
representatives 

Good refractory decisions require shared 
evidence, not isolated assumptions.
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Communication 
Across Teams

Presenter Notes
Presentation Notes
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Refractory reliability depends on clear communication between the people who select, supply, install, inspect, operate, maintain, and investigate the lining system. No single team usually has the full picture on its own.

The process and operations teams understand the furnace duty, tapping behaviour, process chemistry, operating temperature, bath level, production constraints, and operating changes. This information is essential when evaluating refractory wear, repair life, taphole performance, launder condition, and ladle deterioration.

The maintenance and project teams understand shutdown timing, access constraints, repair scope, work sequencing, equipment availability, contractor interfaces, and schedule pressure. Their decisions can strongly influence whether refractory work is given enough time for proper demolition, preparation, installation, inspection, curing, dryout, and heat-up.

Installation contractors understand the practical installation conditions, access limitations, sequencing issues, workmanship controls, material handling, and field challenges. Their input is important, but field changes should still be technically reviewed and documented where they affect lining design, material use, expansion allowance, repair geometry, or return-to-service requirements.

Refractory suppliers understand the material properties, recommended installation methods, water addition limits, curing requirements, dryout schedules, shelf-life limitations, and application constraints. Their recommendations should be considered when installation or repair conditions change.

QA/QC representatives and inspectors provide the independent record of what was supplied, accepted, installed, changed, inspected, and released. This evidence helps keep decisions grounded in facts rather than assumptions.

Refractory specialists and engineering representatives help connect the material, design, installation, dryout, operating conditions, and maintenance history into a technical assessment. Their role is especially important where there are deviations, repeated repairs, unexplained deterioration, hot spots, shortened dryout proposals, or potential furnace integrity risks.

The key point is that refractory decisions should not be made in isolation. Good decisions require shared evidence across disciplines.



Before deciding on repair, operation, or escalation, 
ask:

• What changed? 

• What evidence do we have? 

• Is the issue local or system-driven? 

• Does the repair address the wear mechanism? 

• Are the right specialists involved? 

• Are we making a technical decision or a schedule 
decision? 

Better questions lead to better refractory decisions.

The objective is to correct the cause of the failure, 
not only replace the lost refractory.
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Before deciding on a repair, operational response, or escalation, the team should pause long enough to ask the right questions. In refractory work, acting too quickly can result in repeated repairs, repeat failures, missed root causes, unnecessary risk, or loss of valuable evidence.

The first question is: what changed? Refractory deterioration often follows a change in material, installation practice, operating temperature, slag or matte chemistry, tapping frequency, lancing practice, launder cleaning method, ladle turnaround, repair method, dryout schedule, or maintenance frequency. Identifying what changed helps narrow the investigation.

The second question is: what evidence do we have? Decisions should be based on inspection records, photographs, QA/QC data, operating trends, shell temperatures, tapping records, repair history, dryout logs, and supplier or specialist recommendations. If the evidence is incomplete, the uncertainty should be acknowledged rather than ignored.

The third question is: is the issue local or system-driven? A launder defect may be caused by local installation or preheating problems, but it may also be influenced by unstable tapping or slag carryover. A ladle repair issue may be local to the ladle, but it may also be linked to transfer temperature, slag chemistry, or turnaround practice.

The fourth question is: does the repair address the wear mechanism? A repair should not only fill visible damage. It should address the reason the damage occurred, whether that reason is erosion, chemical attack, thermal cycling, poor bonding, mechanical cleaning damage, poor geometry, or operating conditions.

The fifth question is: are the right specialists involved? Refractory suppliers, installation contractors, QA/QC representatives, process teams, maintenance teams, and refractory specialists may each hold part of the answer. Escalation is especially important where there are repeated failures, proposed field changes, shortened dryout, lack of sound refractory to key into, shell hot spots, or potential containment risk.

The final question is: are we making a technical decision or a schedule decision? Schedule pressure is real, but it should not be allowed to remove critical technical controls without formal review and acceptance of the risk.



Not every refractory concern requires the same response:

• Repair: when the scope, substrate, material, and 
return-to-service controls are understood 

• Monitor: when deterioration is observed but stable, 
risk is understood, and clear inspection intervals and 
escalation triggers are defined

• Escalate: when there is uncertainty, repeated failure, 
no sound substrate, hot spots, or containment risk 

• Decisions should consider both refractory evidence and 
operating data 

• Schedule pressure should not override furnace integrity 
risk 

The response should match the risk, not just the 
available shutdown window.

Repair, monitor, or escalate – but do not ignore!
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Not every refractory concern requires the same response. Some conditions can be monitored safely for a defined period, some require planned repair, and others require immediate escalation because they may represent a furnace integrity or containment risk.

A repair may be appropriate when the damaged area is accessible, the substrate condition is understood, the failure mechanism is reasonably clear, the correct repair material is available, and the required curing, dryout, and return-to-service controls can be implemented. The repair scope should restore function, not only fill visible damage.

Monitoring may be appropriate when deterioration has been observed but appears stable, the risk is understood, and there is sufficient evidence to support continued operation until the next planned inspection or shutdown. Monitoring should not be passive. It should include defined inspection intervals, shell temperature tracking, operating limits where required, and clear trigger points for escalation.

Escalation is required when there is uncertainty, repeated failure, no sound refractory to key into, unexplained shell temperature increases, evidence of progressive deterioration, inability to restore the repair geometry, or potential containment and safety risk. Escalation may involve refractory specialists, engineering representatives, the supplier, installation contractor, operations, maintenance, and the owner/client.

The decision should consider both refractory evidence and operating data. A repair decision based only on visible damage may miss process-related contributors such as tapping temperature, slag chemistry, slag carryover, increased lancing, changed tap frequency, poor launder preheating, or ladle turnaround practice.

Schedule pressure should not override furnace integrity risk. If the required repair scope, curing time, dryout, heat-up, or inspection hold points cannot be accommodated within the available shutdown window, the risk should be formally reviewed and accepted by the correct technical and operational stakeholders.

The key point is that the response should match the risk, not just the available shutdown window.



Following a maintenance shutdown:

• Refractory installation and dryout were compressed to recover 
schedule.

• Tapping became less stable within weeks of start-up. 
• Drilling time, oxygen lancing, and clay consumption increased. 
• The launder required more frequent cleaning. 
• Ladles showed increased slag-line wear and patching 

frequency. 
• A local shell temperature trend near the tapping area 

increased.

Discussion Questions:
1. What are the possible refractory-related contributing factors? 
2. What are the possible process-related contributing factors? 
3. What evidence would you request? 
4. How would supply and installation QA records help with the 

investigation?
5. What should be investigated before deciding on the next 

repair? 
6. What assumptions should be avoided?

Case Study

Furnace-to-
Ladle Transfer 

System 
Deterioration

Presenter Notes
Presentation Notes
Notes
This case study brings together the main themes of the workshop: installation quality, dryout and heat-up control, tapping reliability, launder performance, ladle wear, QA/QC records, and evidence-led failure analysis.

The problem should not be treated as only a taphole issue, only a launder issue, only a ladle issue, or only a material issue. The furnace, taphole, tapping channel, launder, and ladle form a connected molten material containment and transfer system. A weakness or change in one part of the system can affect the performance of the others.

The fact that refractory installation and dryout were compressed to recover schedule is important. Refractory work is often one of the final major scopes before furnace commissioning or return to service, and it may inherit delays from earlier project activities. However, installation quality, curing, dryout, and heat-up are technical controls. If these controls are shortened or bypassed, the lining may enter service with hidden defects, residual moisture, poor bonding, incomplete expansion movement, or inadequate inspection records.

Possible refractory-related contributing factors may include poor joint control, poor brick fit, incorrect expansion allowance, inadequate surface preparation, weak new-to-old refractory tie-ins, unsuitable repair material selection, inadequate compaction, insufficient curing, shortened dryout, residual moisture, incomplete heat-up, poor launder preheating, inadequate ladle preheating, repair material incompatibility, or repeated temporary repairs becoming normal practice.

Possible process-related contributing factors may include higher tapping temperatures, changes in slag or matte chemistry, increased slag carryover, changed tap frequency or duration, increased oxygen lancing, changed bath level, unstable flow, longer transfer times, thermal cycling, or more aggressive cleaning and maintenance practices.

Supply and installation QA records are central to the investigation. They help confirm what was supplied, what was accepted, how the material was stored, what was installed, what changed during installation, whether hold points were completed, and whether the lining was cured, dried out, and released for service under controlled conditions. Without these records, it becomes much harder to distinguish between material-related, installation-related, operation-related, maintenance-related, and process-related causes.

Before deciding on the next repair, the team should first understand why the previous condition developed and why previous repairs did or did not last. The repair should address the underlying failure mechanism, not only the visible damage. If the team only patches the damaged area without understanding the cause, the same failure pattern may repeat.

The case study also reinforces the importance of evidence-led failure analysis. The purpose is not to defend or blame the supplier, installer, process team, maintenance team, or refractory material. The objective is to identify the most likely contributing factors so that effective corrective actions can be taken, and the same failure is not repeated.



Use the case study to work through the investigation 
sequence:

1. Identify the symptoms and affected areas 

2. Separate possible refractory and process 
contributors 

3. Review supply, installation, dryout, and operating 
evidence 

4. Compare current performance with historical 
performance 

5. Decide whether the issue is local or system-driven 

6. Define the next repair, monitoring plan, or 
escalation based on risk 

Do not move from symptom to repair without 
understanding the likely failure mechanism.
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This slide provides a structured sequence for working through the case study. It helps delegates move from symptoms to evidence, rather than jumping directly from visible damage to repair.
The first step is to identify the symptoms and affected areas. 
In this case, the symptoms include:
unstable tapping
increased drilling time
increased oxygen lancing
higher clay consumption
more frequent launder cleaning
increased ladle slag-line wear
more frequent ladle patching
rising shell temperature trend near the tapping area.
The second step is to separate possible refractory and process contributors. This does not mean treating them as unrelated. It simply helps the team organize the investigation. 
Refractory contributors may include:
installation quality
material condition
repair quality
Dryout
expansion allowance
surface preparation
lining deterioration
Process contributors may include:
tapping temperature
slag or matte chemistry
slag carryover
tap frequency
bath level
lancing practice
transfer time.
The third step is to review supply, installation, dryout, and operating evidence. The team should look for facts rather than assumptions. 
This includes (both refractory and process evidence): 
QA/QC records
Photographs
Test certificates
inspection reports
dryout curves
heat-up records
tapping logs
shell temperature trends
launder cleaning records
ladle patching records
previous inspection reports
The fourth step is to compare current performance with historical performance. 
A condition may appear concerning, but the level of concern is better understood when compared with:
previous campaign life
normal repair intervals
typical shell temperature trends
usual clay consumption
normal launder cleaning frequency
expected ladle patching frequency
The fifth step is to decide whether the issue is local or system-driven. A local issue may be caused by:
poor repair quality
poor preheat
poor surface preparation
local material incompatibility 
A system-driven issue may be caused by:
unstable tapping
slag carryover
changed process chemistry
temperature loss
increased lancing
changes in the transfer path
The final step is to define the next response based on risk. The decision may be to repair, monitor, or escalate. 
The response should be based on:
Condition
Evidence
failure mechanism
containment risk
ability to implement the required repair and return-to-service controls



Before accepting, repairing, or returning a refractory-lined 
system to service, ask:

1. Has the correct material been supplied, inspected, and 
stored correctly? 

2. Was the lining installed to the approved design and 
method statement? 

3. Were critical hold points, field changes, and non-
conformances closed out? 

4. Was curing, dryout, and heat-up completed and 
recorded? 

5. Are current symptoms consistent with historical 
performance? 

6. Does the response match the refractory integrity and 
safety risk? 

Good refractory practice is built on control, evidence, and 
disciplined decision-making.
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This checklist is intended to help delegates apply the workshop content in practical project, shutdown, repair, and operating situations. It brings together the key questions that should be asked before accepting, repairing, or returning a refractory-lined system to service.

The first question is whether the correct material has been supplied, inspected, and stored correctly. 
This includes:
confirming the refractory grade
shape or product type
batch traceability
certificates
test reports
shelf life
packaging condition
inspection records
site storage conditions 
A material that was correctly specified can still be compromised by poor supply control, damage, moisture exposure, expired shelf life, or incorrect storage.

The second question is whether the lining was installed to the approved design and method statement
This includes:
checking brickwork quality
joint control
alignment
expansion allowance
surface preparation
Anchoring
water addition
mixing, compaction
repair tie-ins
installation sequence
The installed lining should reflect the design intent, appear visually complete.

The third question is whether critical hold points, field changes, and non-conformances were closed out. Refractory work often requires decisions in the field, especially during repairs or shutdowns. These decisions should be technically reviewed, approved, and documented so that the final installed condition remains traceable.

The fourth question is whether curing, dryout, and heat-up were completed and recorded. These stages are technical controls that affect whether the lining is ready for service. A refractory-lined system should not be returned to operation simply because it looks complete or because the schedule requires it.

The fifth question is whether current symptoms are consistent with historical performance. Changes in shell temperature, tapping behaviour, clay consumption, launder cleaning frequency, ladle patching, repair life, or wear rate should be compared with previous records. A deviation from normal performance may be an early warning sign of a developing refractory, process, or maintenance issue.

The final question is whether the response matches the refractory integrity and safety risk. Some conditions can be repaired, some can be monitored with defined limits, and some must be escalated. Where there is uncertainty, repeated failure, no sound refractory to key into, increasing hot spots, or potential containment risk, escalation is part of responsible refractory management.

Although this checklist is presented in the context of furnace, taphole, launder, and ladle systems, the same logic can be applied to most refractory-lined equipment because it follows the main refractory performance chain: supply  storage  installation  curing/dryout/heat-up  operation  maintenance  inspection  evidence



• Refractory performance is influenced by the full chain: 
supply, storage, installation, dryout, operation, and 
maintenance.

• Installation quality, curing, dryout, and heat-up directly 
affect furnace integrity. 

• Refractory failures should be investigated across the 
full system before narrowing the cause to one 
component or discipline. 

• QA/QC helps confirm design intent was followed and 
preserves the evidence trail for future troubleshooting. 

• Refractory decisions should be based on risk, evidence, 
technical judgement, and cross-team communication. 

The goal is not only to complete the refractory work, 
but to return a controlled, serviceable lining system to 

operation without compromising safety or 
containment.
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Key 
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This workshop has focused on refractory installation and maintenance as part of furnace integrity, tapping reliability, molten material transfer, and safe operation. The main message is that refractory performance is not determined by one factor alone. It is influenced by the full chain: supply, storage, installation, curing, dryout, heat-up, operation, inspection, and maintenance.

The refractory material must be correctly selected, supplied, inspected, and stored, but it must also be installed in a way that reflects the design intent. Installation quality, curing, dryout, and heat-up directly affect whether the lining enters service in a controlled and serviceable condition.

Refractory failures should be investigated across the full system before narrowing the cause to one component, one material, or one discipline. The visible damage location may not be the root cause location, and the failure may involve a combination of material, installation, dryout, operating, process, and maintenance factors.

QA/QC plays an important role throughout this chain. It helps confirm that the supplied material and installed lining conform to the approved specification, drawings, method statements, and good refractory practice. It also preserves the evidence trail needed for future troubleshooting, maintenance planning, and failure analysis.

Refractory decisions should be based on risk, evidence, technical judgement, and cross-team communication. Process, operations, maintenance, installation, supplier, QA/QC, and refractory specialist teams each hold part of the evidence. Better decisions are made when this information is shared and reviewed together.

The goal is not only to complete the refractory work. The goal is to return a controlled, serviceable lining system to operation without compromising safety or containment.



Consider:

• What refractory issue have you seen that was 
difficult to diagnose? 

• Where does your site most often lose refractory 
quality control? 

• What information is usually missing during 
failure investigations? 

• What is one question you will ask differently 
after this workshop? 

Good refractory decisions require evidence, 
communication, and technical discipline.

Thank you!
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