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API 936 Refractory Installation – 3rd Edition: A Comprehensive Guide

In the high �temperature world of petroleum refining, the integrity of furnace linings, reactors, and heat exchangers is 

paramount. A single defect can lead to catastrophic failures, costly downtime, and safety hazards. The American 

Petroleum Institute’s API 936 standard provides the industry with a proven framework for designing, installing, and 

maintaining refractory linings in refineries and petrochemical plants. The most recent 3rd editionof the standard

incorporates lessons learned from the past decade, new material technologies, and updated safety requirements.

Whether you are a process engineer, a refractory contractor, a plant manager, or a compliance officer,

understanding the nuances of API 936 is essential for ensuring reliable, efficient, and safe operations. This article

delves into the scope, key changes, design methodology, installation best practices, quality control, and future

trends associated with the 3rd edition of the standard.

What Is API 936?

API 936, officially titled Refractory Installation – Petroleum Refining and Petrochemical Plants, is a

comprehensive set of guidelines that addresses the entire lifecycle of refractory linings. It covers:

•  Selection of refractory materials

•  Design calculations for thermal and mechanical loads

•  Installation procedures and tooling

•  Inspection and testing methods

•  Maintenance and repair strategies

The standard is widely adopted because it harmonizes best practices, reduces variability, and provides a clear path

to compliance with regulatory bodies such as OSHA, EPA, and the American Society of Mechanical Engineers

(ASME).

Scope and Applicability of the 3rd Edition

The 3rd edition of API 936 expands upon its predecessor by addressing emerging technologies and addressing

gaps identified in field experience. Its scope includes:

1.  All types of refractory linings used in furnaces, reactors, distillation columns, and heat exchangers.

2.  Both new construction and retrofit projects.

3.  Refractory systems that use conventional brick, castable, or refractory cementitious materials.

4.  Systems that incorporate advanced materials such as high �temperature alloys, ceramic composites, and 

nanostructured coatings.

Importantly, the 3rd edition clarifies the roles of various stakeholders—designers, contractors, and inspectors—

ensuring that each party understands its responsibilities from concept through decommissioning.

Key Changes in the 3rd Edition

While the core principles of API 936 remain intact, the 3rd edition introduces several critical updates that reflect



industry evolution:

1. Updated Material Specifications

The standard now includes a broader range of refractory materials, including:

•  High �alumina bricks with improved oxidation resistance.

•  Silicon carbide and zirconia composites for ultra �high �temperature zones.

•  Nanostructured coatings that enhance thermal conductivity and reduce porosity.

These additions allow engineers to tailor linings more precisely to process conditions.

2. Enhanced Design Methodology

Design calculations now incorporate:

•  Advanced finite element analysis (FEA) guidelines for thermal stresses.

•  Improved equations for creep and thermal expansion in multi �layer systems.

•  Explicit consideration of chemical attack and slag infiltration.

Engineers can use these tools to predict performance more accurately and reduce the risk of premature failure.

3. Safety and Environmental Focus

The 3rd edition places greater emphasis on:

•  Hazard Identification and Risk Assessment (HIRA) during installation.

•  Control of dust and particulate emissions.

•  Compliance with the latest OSHA and EPA regulations.

These provisions help facilities maintain a safe work environment while protecting the surrounding ecosystem.

4. Quality Assurance and Inspection Enhancements

New inspection protocols include:

•  Digital imaging and laser scanning for defect detection.

•  Non �destructive testing (NDT) methods such as ultrasonic and infrared thermography.

•  Real �time monitoring of temperature gradients during curing.

These technologies enable early detection of flaws, reducing downtime and repair costs.

Designing for Success: The API 936 Workflow

Designing a refractory system under API 936 involves a structured workflow that balances performance, cost, and

safety. Below is a step �by �step overview.

Step 1: Process Data Collection

Gather all relevant process parameters:

•  Operating temperature and pressure ranges.

•  Fluid composition and flow rates.

•  Transient conditions such as start �up and shut �down cycles.

Accurate data is the foundation for reliable design.

Step 2: Material Selection

Choose refractory materials based on:



•  Thermal conductivity and heat capacity.

•  Chemical resistance to the process medium.

•  Mechanical strength and creep resistance.

•  Availability and cost.

Use the material tables in the 3rd edition as a baseline, but also consider vendor data sheets for the latest

performance metrics.

Step 3: Thermal and Mechanical Analysis

Perform calculations for:

•  Heat flux and temperature gradients.

•  Thermal expansion and contraction.

•  Creep, shrinkage, and fatigue.

•  Pressure loads from fluids and gases.

Incorporate safety factors as prescribed by the standard, typically ranging from 1.5 to 2.5 depending on the

application.

Step 4: Layering and Thickness Determination

Define the refractory layers:

•  Inner layer (direct contact with the process fluid).

•  Intermediate layers (thermal barriers or protective coatings).

•  Outer layer (mechanical protection and fire resistance).

Use the 3rd edition’s equations to calculate the required thickness for each layer.

Step 5: Installation Planning

Develop a detailed installation plan that includes:

•  Sequencing of refractory placement.

•  Tooling and equipment requirements.

•  Worker training and safety protocols.

•  Quality control checkpoints.

Planning reduces the risk of errors and ensures compliance with the standard.

Installation Best Practices

Proper installation is as critical as design. The 3rd edition provides a comprehensive guide to ensure that refractory

linings perform as intended.

1. Site Preparation

Before laying down any refractory:

•  Inspect the substrate for cracks, corrosion, or contamination.

•  Clean the surface to remove grease, dust, and loose particles.

•  Apply a suitable bonding agent or primer if required.

2. Handling and Storage

Refractory materials are sensitive to moisture and mechanical damage:



•  Store bricks in a dry, covered area.

•  Use protective packaging for castable materials.

•  Limit exposure to high temperatures before installation.

3. Laying Technique

Follow these key steps:

•  Start from the bottom or highest point to ensure proper drainage.

•  Maintain uniform spacing between bricks or castable layers.

•  Use a straightedge or laser level to keep walls and corners aligned.

•  Apply the correct amount of mortar or bonding agent to each joint.

4. Curing and Consolidation

Proper curing prevents cracking and ensures bond strength:

•  Control ambient temperature and humidity during curing.

•  Use steam or hot water baths for castable systems.

•  Monitor temperature gradients with embedded thermocouples.

5. Quality Control Checks

Implement real �time inspections:

•  Visual inspection for alignment and joint integrity.

•  NDT methods such as ultrasonic testing for internal defects.

•  Dimensional checks against design specifications.

Inspection and Testing

API 936 mandates rigorous inspection and testing to verify that the refractory meets design criteria. The 3rd edition

expands the testing arsenal with modern technologies.

1. Visual Inspection

Inspect for:

•  Cracks, spalling, or delamination.

•  Uneven surfaces or misalignments.

•  Surface contamination or foreign material.

2. Non �Destructive Testing (NDT)

Advanced NDT methods include:

•  Ultrasonic pulse velocity for internal flaws.

•  Infrared thermography to detect temperature anomalies.

•  Laser scanning for surface geometry.

3. Mechanical Testing

Perform tests such as:

•  Flexural strength tests on sample bricks.

•  Creep resistance tests under simulated process conditions.

•  Bond strength tests between layers.

4. Chemical Resistance Tests



Expose samples to process chemicals at elevated temperatures to assess:

•  Corrosion rates.

•  Mass loss and dimensional changes.

•  Surface integrity after exposure.

Maintenance and Repair Strategies

A well �designed refractory system requires proactive maintenance to extend its life. The 3rd edition recommends

the following strategies:

1. Regular Inspections

Schedule inspections at intervals determined by:

•  Operating temperature and pressure.

•  Historical failure data.

•  Manufacturer’s recommendations.

2. Cleaning Protocols

Remove deposits and contaminants using:

•  High �pressure water jets for mild fouling.

•  Mechanical scrapers for stubborn deposits.

•  Chemical cleaners for specific fouling agents.

3. Repair Techniques

When cracks or spalls occur, consider:

•  Repointing with compatible refractory mortar.

•  Replacing damaged bricks or panels.

•  Applying protective coatings to reduce heat transfer.

4. Monitoring Systems

Install sensors to track:

•  Temperature gradients.

•  Strain and displacement.

•  Moisture content.

Data from these sensors can trigger preventive actions before a failure occurs.

Case Studies: Real �World Applications

Below are two illustrative examples that showcase how the 3rd edition of API 936 has improved reliability and cost

efficiency.

Case Study 1: Upgrading a Hydrocracker Furnace

A mid �size refinery needed to replace an aging hydrocracker furnace lining. Using the 3rd edition, engineers

selected a high �alumina brick with a silicon carbide overlay to withstand the 700 °C operating temperature and

corrosive hydrogen sulfide environment. The design incorporated FEA to predict thermal stresses, and the

installation team used laser leveling to achieve perfect alignment. Post �installation inspections revealed no defects,

and the furnace operated for 18 months before the first maintenance cycle.



Case Study 2: Retrofit of a Distillation Column

A petrochemical plant faced frequent downtime due to column wall spalling. The retrofit project utilized a nanostruct
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