
 
 
 

Standard Practice 
 

Avoiding Caustic Stress Corrosion Cracking of Refinery 
Equipment and Piping 

 
 

This NACE International standard represents a consensus of those individual members who have 
reviewed this document, its scope, and provisions.  Its acceptance does not in any respect 
preclude anyone, whether he or she has adopted the standard or not, from manufacturing, 
marketing, purchasing, or using products, processes, or procedures not in conformance with this 
standard.  Nothing contained in this NACE standard is to be construed as granting any right, by 
implication or otherwise, to manufacture, sell, or use in connection with any method, apparatus, or 
product covered by letters patent, or as indemnifying or protecting anyone against liability for 
infringement of letters patent.  This standard represents minimum requirements and should in no 
way be interpreted as a restriction on the use of better procedures or materials.  Neither is this 
standard intended to apply in all cases relating to the subject.  Unpredictable circumstances may 
negate the usefulness of this standard in specific instances.  NACE assumes no responsibility for 
the interpretation or use of this standard by other parties and accepts responsibility for only those 
official NACE interpretations issued by NACE in accordance with its governing procedures and 
policies which preclude the issuance of interpretations by individual volunteers.  
 
Users of this NACE standard are responsible for reviewing appropriate health, safety, 
environmental, and regulatory documents and for determining their applicability in relation to this 
standard prior to its use.  This NACE standard may not necessarily address all potential health and 
safety problems or environmental hazards associated with the use of materials, equipment, and/or 
operations detailed or referred to within this standard.  Users of this NACE standard are also 
responsible for establishing appropriate health, safety, and environmental protection practices, in 
consultation with appropriate regulatory authorities if necessary, to achieve compliance with any 
existing applicable regulatory requirements prior to the use of this standard.  
 
CAUTIONARY NOTICE:  NACE standards are subject to periodic review, and may be revised or 
withdrawn at any time in accordance with NACE technical committee procedures.  NACE requires 
that action be taken to reaffirm, revise, or withdraw this standard no later than five years from the 
date of initial publication and subsequently from the date of each reaffirmation or revision.  The 
user is cautioned to obtain the latest edition.  Purchasers of NACE standards may receive current 
information on all standards and other NACE publications by contacting the NACE FirstService 
Department, 15835 Park Ten Place., Houston, TX 77084-5145 (telephone +1 281-228-6200). 

 
Approved 2015-03-14 

NACE International 
1440 South Creek Drive 

Houston, Texas  77084-4906 
+1 281-228-6200 

 
ISBN:1-57590-179-X 

© 2015, NACE International 

NACE SP0403-2015 
(formerly RP0403) 

Item No. 21102 

This is a preview of "NACE Standard SP0403...". Click here to purchase the full version from the ANSI store.

https://webstore.ansi.org/Standards/NACE/NACEStandardSP04032015?source=preview


 
 

 

This is a preview of "NACE Standard SP0403...". Click here to purchase the full version from the ANSI store.

https://webstore.ansi.org/Standards/NACE/NACEStandardSP04032015?source=preview


SP0403-2015 
 

 
 
 
 
 
 
 
 
 
 
 
 _________________________________________________________________________  

 
Foreword 

 
Caustic is used in many petroleum refinery applications in a wide range of concentrations and 
temperatures.  This standard practice is intended to provide guidance to those designing, 
fabricating, and/or maintaining equipment and piping that are exposed to caustic environments. 
 
Caustic stress corrosion cracking (SCC) of carbon steel (CS) equipment has been reported in 
industry since the 1930s, e.g., in riveted steam boilers.  NACE has published guidance for handling 
sodium hydroxide (NaOH) in the form of a “Caustic Service Chart” since at least the mid-1960s.  It 
is believed that the majority of the data used to produce the curves in the chart were developed by 
H.W. Schmidt, et. al.1  The Caustic Service Chart is currently published in the NACE Corrosion 
Engineer’s Reference Book.2  A modified copy of the chart is included as Figure 1 in this standard 
practice. 
 
An informal review of current industry caustic-handling practices was completed in 1999.  This 
standard practice incorporates the findings of that survey as they apply to refinery applications. 
 
This standard practice was prepared by NACE Task Group (TG) 177 (formerly T-8-25), “Refineries, 
Environmental Cracking.”  TG 177 was formed in 1998 to disseminate information on 
environmental cracking in refineries.  Work Group (WG) 177a was formed from that TG to survey 
the industry on practices to mitigate caustic SCC and to develop a standard practice for avoiding 
caustic SCC of refinery equipment and piping.  This standard practice was originally published in 
2003, reaffirmed in 2008, and revised in 2015 under Specific Technology Group (STG) 34, 
“Petroleum Refining and Gas Processing.”  TG 177 is administered by STG 34 and is sponsored by 
STG 60―Corrosion Mechanisms.  This standard is issued by NACE under the auspices of STG 34.  

 

In NACE standards, the terms shall, must, should, and may are used in accordance with the 
definitions of these terms in the NACE Publications Style Manual.  The terms shall and must are used 
to state a requirement, and are considered mandatory.  The term should is used to state something is 
good and is recommended, but is not considered mandatory.  The term may is used to state 
something considered optional. 
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Section 1: General 
 
1.1 This standard practice establishes guidelines to avoid caustic SCC of equipment and piping.  It addresses applications that 
use “fresh” caustic.   
 

1.1.1 In some services that involve contaminated caustic, SCC has been observed at conditions within area “A” of the 
Caustic Service Chart shown in Figure 1 (particularly when contaminated with sulfide compounds).  The need for thermal 
stress relief should be considered when the service contains contaminated caustic. 

 
1.2 The practices detailed below are specifically intended for handling aqueous solutions containing sodium hydroxide (NaOH).  
However, several companies extend these practices to include aqueous solutions of other strong alkali compounds such as 
potassium hydroxide (KOH) and lithium hydroxide (LiOH).  Although amines form a high pH solution and may cause SCC, it is 
considered a different mechanism for the purposes of this standard and amine SCC is not addressed.  A good reference on 
amine SCC is API(1) 945.3  Carbonate SCC is another “different” SCC mechanism occurring at high pH, which is not included in 
the scope of this standard.  It is covered by NACE Publication 34108.4 
 
1.3 Some proprietary caustic solutions are used in the industry, e.g., potassium carbonate/bicarbonate solutions for carbon 
dioxide removal in hydrogen manufacturing units.  Some of these systems rely on postweld heat treatment (PWHT) to avoid SCC.  
These systems are outside the scope of this standard.  
 
1.4 Other terms for caustic SCC used in past literature include caustic embrittlement, caustic cracking, and alkaline cracking. 
 

  ________________________________________________________________________________  
 

Section 2: Cracking Mechanism and Prevention 
 
2.1 Early cases of caustic SCC in CS were associated with steam boilers, more specifically, riveted boilers.  In the riveted 
structures, cracks started in metal that was highly stressed.  The majority of more recent industry cases of caustic SCC in CS 
equipment and piping are associated with non-stress relieved welds, typically in the heat-affected zone (HAZ) and adjacent base 
metal.  Although rare, cracking also occurs away from welds if high tensile stresses are present.  
 
2.2 Caustic SCC in CS is typically intergranular,5 although transgranular cracking occasionally occurs.  These cracks are typically 
tight and filled with oxide.  Often, multiple cracks are present.  Cracking in weld metal is normally intergranular, following the ferrite 
constituent in the matrix.  Caustic SCC in CS weld metal is shown in Figures A1 and A2 in Appendix A (nonmandatory).  Caustic 
SCC in CS base metal is shown in Figures A3, A4, and A5 in Appendix A. 

 
2.3 Concentration and Temperature Effects on Cracking Potential of CS 
 

2.3.1 This standard practice reaffirms the recommended guidelines in the Caustic Service Chart (see Figure 1) for stress 
relief of CS to prevent caustic SCC.  The chart shows when stress relief is recommended based on metal temperature and 
caustic concentration. 
 

2.3.1.1 Caustic concentration greater than 5 wt% in the aqueous phase can produce SCC in CS.6  The majority of 
users do not require PWHT on CS if the caustic concentration is less than 2 wt%, regardless of temperature, and some 
users use 5 wt% as their threshold, as shown in area “D” of the Caustic Service Chart.  Caustic SCC sometimes occurs 
in services with lower bulk fluid concentrations, usually in areas where local concentration effects occur.  For these 
instances, caustic concentrations of 50 to 100 ppm in the bulk solution may cause cracking.7  Possible ways to prevent 
local concentrating effects are by avoiding departure from nucleate boiling (DNB)(2), keeping internal surfaces sufficiently 
free of caustic deposits, and avoiding formation of waterlines in components receiving high heat flux.5 
 
2.3.1.2 Caustic SCC is known to occur over a wide range of temperatures in CS, from approximately 46 °C (115 °F) to 
boiling temperatures (depending on caustic concentration). 
 
2.3.1.3 Possible concentrating effects in equipment and piping should be considered as part of an assessment to 
determine the potential of caustic SCC and the need for mitigation by either thermal stress relief or alternate material  

(1) American Petroleum Institute (API), 1220 L St. NW, Washington, DC 20005-4070. 
(2) Departure from Nucleate Boiling (DNB) is the point where steam bubbles no longer depart from the heating surface and instead a steam film 
forms around the heating element.  In this condition the heating surface is no longer wetted and caustic can concentrate on the metal surface.  
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