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Special Notes

API publications necessarily address problems of a general nature. With respect to particular circumstances, local,
state, and federal laws and regulations should be reviewed.

Neither APl nor any of API's employees, subcontractors, consultants, committees, or other assignees make any
warranty or representation, either express or implied, with respect to the accuracy, completeness, or usefulness of the
information contained herein, or assume any liability or responsibility for any use, or the results of such use, of any
information or process disclosed in this publication. Neither APl nor any of API's employees, subcontractors,
consultants, or other assignees represent that use of this publication would not infringe upon privately owned rights.

Classified areas may vary depending on location, conditions, equipment, and substances involved in any given
situation. Users of this technical report should consult with the appropriate authorities having jurisdiction.

Users of this technical report should not rely exclusively on the information contained in this document. Sound
business, scientific, engineering, and safety judgment should be used in employing the information contained herein.

Where applicable, authorities having jurisdiction should be consulted.

Work sites and equipment operations may differ. Users are solely responsible for assessing their specific equipment
and premises in determining the appropriateness of applying the technical report. At all times users should employ
sound business, scientific, engineering, and judgment safety when using this technical report.

APl is not undertaking to meet the duties of employers, manufacturers, or suppliers to warn and properly train and
equip their employees, and others exposed, concerning health and safety risks and precautions, nor undertaking their
obligations to comply with authorities having jurisdiction.

All rights reserved. No part of this work may be reproduced, translated, stored in a retrieval system, or transmitted by any means,
electronic, mechanical, photocopying, recording, or otherwise, without prior written permission from the publisher. Contact the
Publisher, API Publishing Services, 200 Massachusetts Avenue, NW, Suite 1100, Washington, DC 20001-5571.

Copyright © 2019 American Petroleum Institute



Foreword

Nothing contained in any API publication is to be construed as granting any right, by implication or otherwise, for the
manufacture, sale, or use of any method, apparatus, or product covered by letters patent. Neither should anything
contained in the publication be construed as insuring anyone against liability for infringement of letters patent.

The verbal forms used to express the provisions in this specification are as follows:
— the term “shall” denotes a minimum requirement in order to conform to the standard;

— the term “should” denotes a recommendation or that which is advised but not required in order to conform to the
standard;

— the term “may” is used to express permission or a provision that is optional;
— the term “can” is used to express possibility or capability.

Informative elements—As used in a standard, “informative” denotes elements that identify the document, introduce its
content, and explain its background, development, and its relationship with other documents or provide additional
information intended to assist the understanding or use of the document.

Normative elements—As used in a standard, “normative” denotes elements that describe the scope of the document
and that set out provisions that are required to implement the standard.

Questions concerning the interpretation of the content of this publication or comments and questions concerning the
procedures under which this publication was developed should be directed in writing to the Director of Standards,
American Petroleum Institute, 200 Massachusetts Avenue, NW, Suite 1100, Washington, DC 20001. Requests for
permission to reproduce or translate all or any part of the material published herein should also be addressed to the
director.

A catalog of API publications and materials is published annually by API, 200 Massachusetts Avenue, NW, Suite
1100, Washington, DC 20001.

Suggested revisions are invited and should be submitted to the Standards Department, API, 200 Massachusetts
Avenue, NW, Suite 1100, Washington, DC 20001, standards@api.org.
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Introduction

API TR 978 is the first in a series of three API technical reports updating the state-of-the-art use of refractory concrete
(castables), plastics, and ramming mixes in applications for the Hydrocarbon Processing Industry (HPI). This
technical report is complemented by two additional reports in this series:

— API TR 979, Applications of Refractory Lining Materials
— API TR 980, Monolithic Refractories: Installation and Dryout

These three API technical reports are based on two original reports written by the American Concrete Institute (ACI)
Committee 547 and published by ACI in 1979 and 1989. The original ACI reports are ACI 547.R-79, State-of-the Art
Report: Refractory Concrete and ACI 547.1R-89, State-of-the Art Report: Refractory Plastics and Ramming Mixes.
ACI granted API a license to use all material from the two original ACI reports, in need of revision at the time, for the
betterment of the oil and gas industry.

ACI Committee 547 was organized in 1969 to provide a reliable and comprehensive source of information on
monolithic refractories technology. In subsequent years, ACI support from the refractory technical community waned
and shifted in favor API. API has an Individual Certification Program (ICP) for refractory practitioners based on the
API Standard 936, Refractory Installation Quality Control-Inspection and Testing Monolithic Refractory Linings and
Materials. To facilitate development of updated content in API’s certification program, ACI has allowed API to use the
material from the two ACI reports, mentioned above, as the starting point for three new API technical reports, which
and add to and revise the content of the two ACI reports.

The American Petroleum Institute formed the Vessel Refractory Task Group in the late 1980s with the objective of
providing a standard for inspection and application quality control of monolithic refractories used in refining
applications. In response to demands for greater reliability and cycle life objectives, refiners had already developed
their own company specifications for refractory installations for the most important applications where unit availability
is critical. A cottage industry of supporting quality control experts and inspectors evolved to help owner-operators
reduce the gap between ideal and actual cycle life. Prior to the Vessel Refractory Task Group (the predecessor of the
SCRM), manufacturers and installers largely had little say in these efforts and uniform industry standards were never
developed or adopted.

To address this issue, the Vessel Refractory Task Group allowed for a broad representation of all the stake holders
as part of the API's spring and fall Refining Equipment Standards Meetings. Addressing the standards gap and noting
the many similarities in owner-operator and OEM developed specifications, the API Task Force undertook the task of
identifying useful industry practices and/or negotiating to agreement best fits for standards applications. API's
Refractory Installation Quality Control Guidelines—Inspection and Testing Monolithic Linings and Material was first
issued in 1996 as a recommended practice. After a number of subsequent revisions, it was published as API
Standard 936 in 2006, with a certification program beginning in 2004.

In addition to maintaining APl Standard 936 and overseeing the certification program, in 2014 the Task Force
reorganized under the Committee on Refinery Equipment (CRE) as the Refractory Project Group (RPG). As a project
group, work expanded to ceramic fiber and brick quality control standards; unit specific applications, such as SRU
and hydrogen furnaces; and technical reports, including this report. In response to this broadening recognition of the
need to advance this technology for HPI applications, the CRE reclassified the group as a full subcommittee in 2016
and it now works under the title of the Subcommittee on Refractory Materials.

vii



Monolithic Refractories: Manufacture, Properties, and Selection

1 Scope

This technical report covers the installation and dryout of monolithic refractory lining materials for Hydrocarbon
Processing Industry (HPI) applications. It discusses the best practice procedures and techniques used in the
installation of refractory concrete, as well as those for air and heat setting plastics and ramming mixes. In addition, it
addresses the need for curing and dryout procedures to achieve successful results. This instruction is consistent with
API Standard 936, which is the HPI industry standard for the installation quality control of monolithic refractories.
API 936 also serves as a body of knowledge document for the API certification program for refractory practitioners.

NOTE APITR 979 and API TR 980 are additional reports listed in Section 2, designed to provide a complete discussion of the
monolithic refractory subject.

2 Referenced Documents
API 936, Refractory Installation Quality Control—Inspection and Testing Monolithic Refractory Linings and Materials

API TR 977, ASTM C704 Test Variability Reduced to Allow Further Optimization of Erosion Resistant Refractories for
Critical Oil Refining Applications

API TR 979, Applications of Refractory Lining Materials 1
ASTM C16, Standard Test Method for Load Testing Refractory Shapes at High Temperatures

ASTM C20, Standard Test Methods for Apparent Porosity, Water Absorption, Apparent Specific Gravity, and Bulk
Density of Burned Refractory Brick and Shapes by Boiling Water

ASTM C24, Standard Test Method for Pyrometric Cone Equivalent (PCE) of Fireclay and High-Alumina Refractory
Materials

ASTM C92, Standard Test Methods for Sieve Analysis and Water Content of Refractory Materials

ASTM C115, Standard Test Method for Fineness of Portland Cement by the Turbidimeter

ASTM C129, Standard Specification for Nonloadbearing Concrete Masonry Units

ASTM C133, Standard Test Methods for Cold Crushing Strength and Modulus of Rupture of Refractories

ASTM C134, Standard Test Methods for Size, Dimensional Measurements, and Bulk Density of Refractory Brick and
Insulating Firebrick

ASTM C150, Standard Specification for Portland Cement

ASTM C179, Standard Test Method for Drying and Firing Linear Change of Refractory Plastic and Ramming Mix
Specimens

ASTM C181, Standard Test Method for Workability Index of Fireclay and High-Alumina Refractory Plastics
ASTM C191, Standard Test Methods for Time of Setting of Hydraulic Cement by Vicat Needle

ASTM C201, Standard Test Method for Thermal Conductivity of Refractories



