Technical Report on the Materials and
Fabrication Issues of 11/4Cr-1/2Mo and
1Cr-1/2Mo Steel Pressure Vessels

API TECHNICAL REPORT 934-D
FIRST EDITION, SEPTEMBER 2010

el

AMERICAN PETROLEUM INSTITUTE






Technical Report on the Materials and
Fabrication Issues of 11/4Cr-1/2Mo and
1Cr-1/2Mo Steel Pressure Vessels

Downstream Segment

AP| TECHNICAL REPORT 934-D
FIRST EDITION, SEPTEMBER 2010

/Y
energy.
|

®

AMERICAN PETROLEUM INSTITUTE



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 API 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 API nor any of API's employees, subcontractors,
consultants, or other assignees represent that use of this publication would not infringe upon privately owned rights.

API publications may be used by anyone desiring to do so. Every effort has been made by the Institute to assure the
accuracy and reliability of the data contained in them; however, the Institute makes no representation, warranty, or
guarantee in connection with this publication and hereby expressly disclaims any liability or responsibility for loss or
damage resulting from its use or for the violation of any authorities having jurisdiction with which this publication may
conflict.

API publications are published to facilitate the broad availability of proven, sound engineering and operating
practices. These publications are not intended to obviate the need for applying sound engineering judgment
regarding when and where these publications should be utilized. The formulation and publication of API publications
is not intended in any way to inhibit anyone from using any other practices.

Any manufacturer marking equipment or materials in conformance with the marking requirements of an API standard
is solely responsible for complying with all the applicable requirements of that standard. APl does not represent,
warrant, or guarantee that such products do in fact conform to the applicable API standard.

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, 1220 L Street, NW, Washington, DC 20005.

Copyright © 2010 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.

This document was produced under API standardization procedures that ensure appropriate notification and
participation in the developmental process and is designated as an API 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, 1220 L Street, NW, Washington, DC 20005. Requests for permission to reproduce or translate all or any part
of the material published herein should also be addressed to the director.

Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at least every five years. A one-time
extension of up to two years may be added to this review cycle. Status of the publication can be ascertained from the
API Standards Department, telephone (202) 682-8000. A catalog of API publications and materials is published
annually by API, 1220 L Street, NW, Washington, DC 20005.

Suggested revisions are invited and should be submitted to the Standards Department, API, 1220 L Street, NW,
Washington, DC 20005, standards@api.org.
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Introduction

Numerous 11/4Cr-1/2Mo and 1Cr-1/2Mo vessels have been constructed and successfully used in various applications
in petroleum industry and in other types of service applications. These vessels have been constructed to the
requirements of the ASME Boiler & Pressure Vessel Code, Section VIII, Divisions 1 and 2, and to various
international pressure vessel codes and standards. The 11/4Cr-1/2Mo and 1Cr-1/2Mo vessels are typically used in
service conditions (e.g. high temperature and/or high pressure hydrogen), which require heavy walls and cause in
service deterioration. As such, the steels are subject to special requirements, such as notch toughness, elevated
temperature tensile properties, hardness, fabrication heat treatments, etc., which may limit the maximum thickness to
be able to meet the desired properties. Corrosion protection by stainless steel weld overlay or cladding may also be
required. It is important to know the limitations of these materials and precautions needed to avoid problems during
fabrication and to eliminate or minimize in service deterioration. To better understand the current practices in
fabricating 11/4Cr-1/2Mo and 1Cr-1/2Mo steels a questionnaire was distributed to steel fabricators as part of this study.
Responses to this questionnaire have been used in this study and are summarized in Appendix 1.
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Technical Report on the Materials and Fabrication Issues of 11/4Cr-1/2Mo
and 1Cr-1/2Mo Steel Pressure Vessels

1 Scope

This API document provides background information and guidance on the implementation of APl 934-C, Materials
and Fabrication of 11/4Cr-1/2Mo Steel Heavy Wall Pressure Vessels for High Pressure Hydrogen Service Operating at
Temperatures at or Below 825 °F (426 °C) and API RP 934E, Materials and Fabrication of 1/4Cr-1/2Mo Steel Heavy
Wall Pressure Vessels for High Temperature Service Operating Above 825 °F (426 °C), and should be used as a
supplement to these recommended practices.

In recent years it has been recognized that there are important distinctions that need to be considered for 11/4/1Cr-1/
2Mo steels. Whereas API 934-A continues to provide materials and fabrication requirements for new 21/4/3Cr-1Mo
and 21/4/3Cr-1Mo-1/4V steel heavy wall pressure vessels in high temperature, high pressure hydrogen service,
different material, and fabrication requirements have been developed for 11/4/1Cr-1/2Mo steel heavy wall pressure
vessels. These requirements are covered in RP 934-C and 934-E.

This document contains a description of key damage mechanisms that relate specifically to 1'/4/1Cr-1/2Mo pressure
vessels used in a variety of services. These damage mechanisms include elevated temperature damage
mechanisms such as “reheat cracking” or “creep embrittlement” as well as other damage mechanisms that may occur
at lower temperatures. Not all services are affected by the same damage mechanisms due to significant differences in
service conditions. For example, Hydrofiner Reactors tend to operate at lower temperatures and higher pressures
than Catalytic Reformer Reactors, and Coke Drums and FCC Reactors do not see hydrogen service. Also, as a result
of the different services causing different damage mechanisms, the fabrication requirements also differ. To this end,
API has developed two separate recommended practices to take this into account: APl 934-C and 934-E.
Accordingly, background information and guidance on the implementation of these two new documents are needed.

This document provides information and guidance on successful practices for fabrication of 11/4/1Cr-1/2Mo steel
heavy wall pressure vessels for the intended services of both APl 934-C and 934-E. The survey of steel producers
and vessel fabricators (Annex 1) indicates that there is a need to evaluate the effect of heat treat cycles on materials
properties (CVN toughness, tensile and yield strength). For this reason the connection of the Larson-Miller parameter
is emphasized to better align the user needs with fabrication requirements. However, detailed attention is still needed
to implement this approach for individual cases, as there are many secondary variables, such as heating and cooling
rates that need to be considered and discussed between the user and the fabricator. The areas of fabrication that are
covered in this document include steel making as related to chemical composition, heat treatment, forming, and
welding.

2 Normative References

The following referenced documents are indispensable for the application of this document. For dated references,
only the edition cited applies. For undated references, the latest edition of the referenced document (including any
amendments) applies.

APl Recommended Practice 934-A, Materials and Fabrication of 21/4Cr-1Mo/'/4 V, 3Cr-1Mo and 3Cr-1Mo/1/4V Steel
Heavy Wall Pressure Vessels for High Temperature High Pressure Service

AP| Recommended Practice 934-C, Materials and Fabrication of 11/4Cr-1Mo Steel Heavy Wall Pressure Vessels for
High Pressure Hydrogen Service Operating at or Below 825 °F (440 °C)

APl Recommended Practice 934-E, Recommended Practice for Materials and Fabrication of 1'/4Cr-1Mo Steel
Pressure Vessels for Service Above 825 °F (440 °C)





