Guidelines for Avoiding Sulfidation
(Sulfidic) Corrosion Failures in Qil
Refineries

Downstream Segment

AP| RECOMMENDED PRACTICE 939-C
FIRST EDITION, MAY 2009



https://www.stdhive.com/standards/api-rp-939-c2009-pdf/

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 ar. /
information or process disclosed in this publication. Neither APl nor any of APl's employees, subcontractoic,
consultants, or other assignees represent that use of this publication would not infringe upon privately ov:nec rights.

Classified areas may vary depending on the location, conditions, equipment, and substances involved > ary given
situation. Users of this recommended practice should consult with the appropriate authorities havi.> ju.'sd ction.

Users of this recommended practice should not rely exclusively on the information contained in *his document. Sound
business, scientific, engineering, and safety judgment should be used in employing the infori..2ti»n contained herein.

API publications may be used by anyone desiring to do so. Every effort has been made »v the Institute to assure the
accuracy and reliability of the data contained in them; however, the Institute ma. ©'s n. representation, warranty, or
guarantee in connection with this publication and hereby expressly disclaims any lic*:iity or responsibility for loss or
damage resulting from its use or for the violation of any authorities having !iri: diction with which this publication may
conflict.

API publications are published to facilitate the broad availak®ity ~f L=zven, sound engineering and operating
practices. These publications are not intended to obviate the i1.2ea for applying sound engineering judgment
regarding when and where these publications should be utilize 1. The ormulation and publication of API publications
is not intended in any way to inhibit anyone from using any othe: nructices.

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

Al igi.'s reserved. No part of this work may be reproduced, translated, stored in a retrieval system, or transmitted by any means,
ele ctronic, mechanical, photocopying, recording, or otherwise, without prior written permission from the publisher. Contact the
Publisher, API Publishing Services, 1220 L Street, N.W., Washington, D.C. 20005.

Copyright © 2009 American Petroleum Institute
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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 APl standardization procedures that ensure appropriate notification and
participation in the developmental process and is designated as an API standard. Questions concernina th»
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, America~ Fotroleum
Institute, 1220 L Street, N.W., Washington, D.C. 20005. Requests for permission to reproduce or translate all v+ 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 ycars. A one-time
extension of up to two years may be added to this review cycle. Status of the publication can b.» ascertained from the
API Standards Department, telephone (202) 682-8000. A catalog of API publications anJ.m.aterials is published
annually by API, 1220 L Street, N.W., Washington, D.C. 20005.

Suggested revisions are invited and should be submitted to the Standards Dep<rtm.nt, API, 1220 L Street, NW,
Washington, D.C. 20005, standards@api.org.
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Introduction

Sulfidation corrosion, also often referred to as sulfidic corrosion, of piping and equipment within the refining industry
continues to be a significant cause of leaks leading to equipment replacements, unplanned outages, and incidents
associated with large property losses and injuries. The objective of this recommended practice (RP) is to provide
practical guidance to inspectors, maintenance, reliability, project, operations and corrosion personnel on how to
address sulfidation corrosion in petroleum refining operations.

This document is intended to provide a better understanding of sulfidation corrosion characteristics. Examples ¢*
failures are discussed to highlight the common causes. An overview of the two mechanisms of sulfidatian carrosion
(with and without H, present) and the methods used to control and inspect for sulfidation corrosion are su, "me.-ized.
The data herein is a compilation of information extracted from published technical papers, industry information
exchanges (NACE and API) and contributions from several owner/operators. Some refininc ‘coixo7nies have
developed proprietary methods to predict sulfidation corrosion and these were not made availabic as part of this
effort.

Common refinery units in which essentially Hyo-free sulfidation corrosion occurs are the crude/va suum, fluid catalytic
cracker, coker, and visbreaker units. Hydroprocessing and hydrocracking units.ex,=riznce Ho-free sulfidation
corrosion in their feed and distillation sections. They experience sulfidation in *Y'.e . esence of hydrogen in their
reaction sections. This sulfidation in the presence of Hj is typically referred to as Hy/. ' ;G corrosion.

Included in this RP are:

— background to the degradation mechanism,

— the most common types of incidents and damage observe/i,

— root causes of sulfidation corrosion,

— methods to predict and monitor the corrosivity of s 'sicms,

— materials selection for new and revamped p. ice .ses,

— inspection and nondestructive exam:nation (NDE) methods used for detecting sulfidation corrosion.

Materials and corrosion specialist s\ Hul/, be consulted for additional unit-specific interpretation and application of
this RP.

vii
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Guidelines for Avoiding Sulfidation (Sulfidic) Corrosion Failures in Oil Refineries

1 Scope

This recommended practice (RP) is applicable to hydrocarbon process streams containing sulfur compounds, with
and without the presence of hydrogen, which operate at temperatures above approximately 450 °F (230 °C) up;«©
about 1000 °F (540 °C). A threshold limit for sulfur content is not provided because within the past decade significa.
corrosion has occurred in the reboiler/fractionator sections of some hydroprocessing units at sulfur or HyS lc: el as
low as 1 ppm. Nickel base alloy corrosion is excluded from the scope of this document.

While sulfidation can be a problem in some sulfur recovery units, sulfur plant combustion sectics «nd external

corrosion of heater tubes due to firing sulfur containing fuels in heaters are specifically excludecd frcm the scope of this
document.

2 Normative References

The following referenced documents are indispensable for the application of this ¢acur.ent. For dated references,
only the edition cited applies. For undated references, the latest edition of the rciarer~2d doucment (inlcuding any
amendments) applies.

API 510, Pressure Vessel Inspection Code: Maintenance Inspection, Ra.n¢Repair, and Alteration

API 570, Piping Inspection Code: Inspection, Repair, Alteration, «nd i1’erai ing of In-service Piping Systems

API Recommended Practice 571, Damage Mechanisms Afferting Sixed Equipment in the Refining Industry

API Recommended Practice 578, Material Verification Prograri: ror New and Existing Alloy Piping Systems

APl Recommended Practice 580, Risk-Based Inspi-cticn

APl Recommended Practice 581, Risk-Basec Irspection Technology

API Standard 579-1/ASME ' FFS-1-2007  F.»ess-For-Service

3 Definitions and Acrony n%

For the purpose of this docien. the following definitions apply.

3.1 Definitions

3.1.1

low-alloy steels

Steels that ccatain 1t0 9 % Crand 0.5 to 1 % Mo.

312

lov+-sil. ~en-containing carbon steels
Ceels that contain less than 0.10 wt % Si, the minimum limit for ASTM A106 piping.

1 ASME International, 3 Park Avenue, New York, New York, 10016, www.asme.org.
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