ABSTRACT

NACE MR0103 "Materials Resistant to Sulfide Stress Cracking in Corrosive Petroleum Refining Environments"’

was developed by Task Group 231 to provide a standard set of requirements for materials used in sour

petroleum refinery equipment. In the past, NACE MRO1752, "Sulfide Stress Cracking Resistant Metallic
Materials for Qilfield Equipment”, was frequently referenced for this equipment, even though refinery
applications were outside the scope of MR0175. The process used to develop MR0103 is described, followed
by a review of the requirements in the standard accompanied by highlights of the differences between

MRO0103 and the previous and current versions of MR0175.
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INTRODUCTION AND DOCUMENT HISTORY
In 1975, NACE issued standard MR0O175, "Sulfide Stress Cracking Resistant Metallic Materials for Oilfield
Equipment”, to cover requirements for materials resistant to sulfide stress cracking (SSC) in sour oilfield
environments. Although the scope of MR0O175 includes only oilfield equipment and associated facilities
(including gas production and treatment), the lack of similar standards for other industries has compelled
many users in those industries to reference MR0175 for materials destined for “sour” applications. Although
the process conditions that constitute the non-oilfield “sour” environments are often quite different from
those defined in MR0175, the material and material condition requirements have proven to be fundamentally

on target.
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In the late 1990’s, the NACE T-1F-1 task group, now called Task Group (TG) 081, began working on a complete
rewrite of MR0O175 that included a number of fundamental changes. One of the most significant proposed
changes was the expansion of the scope of the document to include chloride stress corrosion cracking (SCC),
based upon the fact that most oil and gas production streams contain chlorides in sufficient levels to cause
SCC in susceptible alloys. As such, the proposed rewrite included maximum temperature limits for all materials

that are susceptible to chloride SCC. For example, the rewrite proposed that the temperature limit for S31600



(type 316 stainless steel) be set at 60°C (140°F) maximum. The proposed changes would mean that MR0175
would be less suitable for use in many applications, including those in petroleum refineries, where chloride ion
concentrations tend to be low enough that chloride SCC isn’t a common concern.
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Initial discussion regarding the proposed changes to MR0175 and the potential development of a refinery-
specific standard covering materials for sour environments occurred during the 1997 Fall Committee Week T-8
Information Exchange session. Further discussions, including review of drafts of proposed document sections,
were held at subsequent T-8 Information Exchange sessions and at several Task Group (TG)T-8-25
("Environmental Cracking") meetings. At Corrosion/2000, it was decided that a T-8-25 Work Group (T-8-25a)
would be formed to develop a sulfide stress cracking document. This Work Group was eventually formed in
June 2000 as TG (Task Group) 231 under the current NACE technical committee structure. TG 231 is
administered by STG (Specific Technology Group) 34 "Petroleum Refining and Gas Processing" and sponsored
by STG 60 "Corrosion Mechanisms".
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The task group's writing approach was to borrow pertinent concepts and requirements from the current and
proposed versions of MR0175, and modify them as needed to create a new standard that would meet the
needs of the oil refining industry. For example, the resulting document utilized the alloy grouping philosophy
that is used in what is now MR0175-20033, but did not implement environmental limits such as H2S partial
pressures, temperature limits, pH restrictions, etc. Materials and material condition requirements are based
upon a mix of MR0175-2002 and MR0175-2003 requirements and refinery-specific experience. Because of this
approach, there are paragraphs in MR0103 that are identical to corresponding paragraphs in one or both
versions of MR0175, whereas in other instances, the requirements in MR0103 have been modified to better
suit the needs of the oil refining industry. The final result is a document that differs from previous and current
versions of MR0175 in the following ways:
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« The refinery standard guidelines for determining whether an environment is "sour" are quite different from
the sour environment definitions provided in previous and current versions of MR0175.
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« The refinery standard does not include environmental restrictions on materials.
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« Materials and/or material conditions are included in the refinery standard that are not listed in previous
and/or current versions of MRO175.
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 Materials and/or material conditions are included in previous and/or current versions of MR0175 that are not
listed in the refinery standard.
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* Because welding is prevalent in refinery piping and equipment, extra emphasis is placed upon welding

controls in several material groups, most notably the carbon steels.
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The document was developed using the approved NACE work process. Various sections were drafted, reviewed at Corrosion and
Fall Committee Week meetings, and then finalized based upon the feedback that was received. The "final" draft was sent out for
formal letter ballot in mid-July 2002. This initial ballot resulted in 4 negative votes and 17 affirmative votes with comments. The
document was modified to address the negative votes and other comments, and was sent out for reballot in January 2003. The
reballot passed with a 97% affirmative vote after negative vote resolution. The MR0103 standard "Materials Resistant to Sulfide
Stress Cracking in Corrosive Petroleum Refining Environments" was published in mid-April 2003.
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Following is an overview of the document, including discussion of pertinent differences among MR0175-2002, MR0175-2003, and
MR0103.

Both MR0175 and MR0103 include sections that describe the applicability of each of the Standards. Within each of these sections
there are sub-sections that describe the material and environmental factors that affect susceptibility of materials to SSC and also
provide guidelines to the user on how the Standard should be applied. It is extremely important to note that in both MR0175 and
MRO0103 the user is responsible for determining and judging whether the environmental conditions are such that the material
requirements of the Standard should be applied.

MRO175 1 MR0103 #i @5 R S MEE B MBS . ASNETTEFRHRZ WA SSC Uk MMM RIAMIAE R KA
FED, WARFR®TOARARENIESTTH. EEERMNZE, £ MRO175H MR0103 1, HAH IR EMAIMIREFK
HRENAEENMRIER.

One of the key differences between the MR0175 and MR0103 Standards lies in the guidelines addressing the environmental
conditions under which SSC is likely to occur. This difference between the upstream (oil and gas production) and downstream
(refining and gas processing) environments was one of the principal reasons why NACE STG 34/TG 231 decided to write the
MRO0103 Standard. MR0103 is more focused on a broader range of sour environments conditions experienced in downstream
process units.
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The MR0175 definition of sour service environments in upstream processes is very well known and understood, having remained
essentially unchanged for almost 30 years. In the 2003 version of MR1075 the environmental conditions likely to cause SSC are
described in Paragraphs 1.4.1 and .4.2 with sample calculations in Appendix A. Simply summarized, these conditions consist of a
partial pressure of H2S in the wet gas phase of a gas, gas condensate or crude oil equal to or exceeding 0.0003MPa abs (0.05 psia).

For gas systems there is a low-pressure cut-off (i.e., total system pressure below which SSC is not expected to occur) of 0.45 MPa
abs (65 psia) and for multiphase phase systems the low-pressure cut-off is 1.83 MPa abs (265 psia), (with other conditions

applying).
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The MR0175 definition of sour service has also been widely and successfully applied by users in many downstream facilities either

directly in company specifications and practices or indirectly via the application of APl equipment specifications such as APl RP

4 5 6
610,617 and 618 . However, for downstream applications many users, engineering contractors and suppliers have over the
years developed their own practices on how and when MR0175 material requirements should be applied. These practices have
ranged between:
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« No application at all, irrespective of H,S level since some downstream users have considered MRO175 strictly
applicable to upstream applications;
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« Application of MR0175 material requirements to any process containing H,S, including trace levels in services

with no free water present.
MR0175 pHiEREE A H2S piid R+ A, [ (- i e A D

In the new MR0103 Standard an attempt has been made to develop consensus guidelines on what constitutes sour service in
downstream units based on:

FTAY MRO103 o, AMXEREFEUTERN, st THEEETHARSMRSEMINR:

« Users plant experience and practices;

RPEASIRNES

e Existing NACE and industry recommended practices and reports (i.e. NACE RP02967, 8X1948, 8X2949, API
Publication 581");
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« A fundamental understanding of atomic hydrogen generation in the sour service corrosion reaction and the

subsequent rate of hydrogen flux into the process-contacted steel i.e.,, combined effects of pH, H,S and HCN.
ERATHREMBMRNFTNRTFEEN, UEEESEEEMONPSBEENEER, B pH. H2ZS I HCN WE&1ER.



A significant difference between upstream and downstream sour environments is that in many refinery sour water environments
dissolved ammonia is present which increases the pH thereby,

EHBRMIEN T HRMERREN— P EZEX AR, EFSHH RITKIEHPHEEARE, NMiESREE.

increasing the solubility of H2S, which in turn increases the bisulfide ion concentration and corrosivity. Ammonium bisulfide
corrosion in these high pH environments generates a relatively high rate of hydrogen flux. Furthermore, the presence of cyanides
at an elevated pH further aggravates the degree of atomic charging and hydrogen flux into the steel by poisoning the surface
reaction that results in a stable and protective iron sulfide scale from forming.
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The outcome of the consensus approach, embodied in MR0103, has resulted in the following guidelines (with additional

explanation in parenthesis) on what constitutes a sour enough service in downstream units to justify the application of the
Standard’s material requirements (Note: the presence of a free water phase is a prerequisite for aqueous corrosion and SSC):

(BH/KBNFERKBIRFSSCHLREM)
« >50 ppmw dissolved H,S in the free water (recognition that significant levels of dissolved H.,S can

result in SSC even in low pressure systems), or

« A free water pH < 4 and some dissolved H,S present (recognition that in low pH environments

significant charging of materials with atomic hydrogen can take place irrespective of H.S level), or

« A free water pH > 7.6 and > 20 ppmw hydrogen cyanide ion (HCN) and some H.S dissolved in the
free water (recognition that at high pH the HCN ion is stable and results in significant charging of
ferritic materials by poisoning the formation of a protective iron sulfide scale), or

+ >0.0003 MPa abs (0.05 psia) partial pressure H,S in a process with a gas phase (based on historical

MRO175 definition of sour service, without low-pressure cut-offs).

U T 2BIiZ XA, 815 MR0175-2002, MR0175-2003 #1 MR0103 = j8]f9tE % %= & .

 The procedure may only be used to weld a base metal of the same specification, grade, and class as that of
the PQR specimen. In other words, a procedure qualified on ASTM A516 Grade 70 plate material could not be
used to weld ASTM A516 Grade 60 plate material, ASTM A105 forgings, or ASTM A216 Grade WCC castings,
even though all are within the same ASME Section IX P-No. 1 category.

ZEFARMATIRES PQRIEHER N, SEMERHNE. REEHR, — DG ASTM A516 70 RiRAEIREFFAGE R T
1215 ASTM A516 60 Z#Rkt. ASTM A105 $#Fs ASTM A216 2% WCC 4, BIfEE{1#8%F & ASME £ IX 5 P-No, 1%,

e The maximum CE and micro-alloying element contents of production material must be controlled to values

less than or equal to those of the PQR specimen.
EFEMRINRA CE NIEa £ TR B4 IURH A/ NTHEFT PQRIXFANE.

 The heat input used during production welding must not deviate from the heat input used during creation of

the PQR specimen by more than 10% lower or 25% higher. For the shielded metal arc welding (SMAW)



process, the maximum bead size and the minimum length of weld bead per unit length of electrode used in

creation of the PQR specimen can be imposed as an alternate requirement in the WPS.

BiEEFIRFERNAMARSS PQRIAAFFIESRE R EANABABZET 10%58BE 25%. ST RIFEBBINE
(SMAW)Z7E, 7t PQR #HmEEANESEMKEREFNRREER TR/ NMFEKET MU1EXD WPS (EREK.

 Preheat and interpass temperatures must be at least as high as those utilized in production of the PQR

specimen.
AT EREMNEDSS POREREFPEANREE—FS.

« If preheat was not utilized for the PQR specimen, the maximum base metal thickness of production

weldments must not be allowed to exceed the thickness of the PQR specimen.
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