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            42 • Chapter 3 3.4 SECTION II, PART C: SPECIFICATION FOR WELDING RODS, ELECTRODES, AND FILLER METALS 3.4.1 Introduction Welding plays a major role in the fabrication of pressure vessels and related components to the requirements of the ASME B&PV Code. Reliable welding and brazing materials are required to pro- duce sound joints using one of the many welding and brazing processes available. The ASME B&PV Code [1] provides the Welding Material Speciﬁcations acceptable for Code fabrication in Section II, Part C (Speciﬁcation for Welding Rods, Electrodes, and Filler Metals). These are the welding ﬁller metal speciﬁcations of the AWS [2] adopted for use by the ASME. In this respect, Section II, Part C is comparable to Sections II, Parts A and B that contain the ASTM Material Speciﬁcations [3] adopted by the ASME. The AWS Welding Material Speciﬁcations are preﬁxed as ANSI/AWS to identify that these standards were developed in accordance with the rules of the American National Standards Institute (ANSI) [4]. Welding and Brazing Material Speciﬁcations in Section II, Part C are identical to the ANSI/AWS Speciﬁcations. However, once the speciﬁcation is adopted, the preﬁx changes from the letter “A” to the letters “SFA.” For example, the ANSI/AWS speciﬁcation for carbon steel electrodes A5.1/A5.1M becomes SFA-5.1. SFA-5.1M Section II, Part C also includes appendices to the ANSI/AWS Speciﬁcations that provide descriptions and explanations of the classiﬁcation system used for welding materials. The sufﬁx M indicates that the latest revision includes metric equivalents. As AWS speciﬁcations are issued or revised the met- ric units are now included. Additionally, the ISO designations are being listed in the electrode or ﬁller metal classiﬁcations within the speciﬁcation. Usually, this is for comparison purposes only. However, SFA-5.34/SFA-5.34 is a new speciﬁcation that uses both the traditional and ISO formats in the classiﬁcation. The dual clas- siﬁcation extends to the marking and label that is afﬁxed to the electrode package. Section II, Part C does not include all welding and brazing materials available to the industry; instead, it includes only the speciﬁcations applicable to B&PV Code construction. As explained in other sections of the B&PV Code, particularly Section IX [5], welding is not restricted to the use of the welding ﬁller metals listed in Section II, Part C; other welding materials can be used if they are speciﬁed in Code Cases or if they are qual- iﬁed separately. Code Cases or separate welding procedure quali- ﬁcations are generally used in special cases in which a ﬁller metal is formulated to meet speciﬁc base metal properties or is a new material that has not yet been classiﬁed in an ANSI/AWS Speciﬁcation. This chapter highlights the major features of the welding mate- rial speciﬁcations contained in Section II, Part C and their rela- tionship to other sections of the B&PV Code. Included are material descriptions, welding material applications, welding material pro- curement, the ﬁller metal certiﬁcation system, and the electrode classiﬁcation system. The discussion that follows should prove useful for one to gain a basic understanding of ASME/AWS Welding Material Classiﬁcation and Speciﬁcation. 3.4.2 History The AWS was formed in 1919 when the National Welding Council was discontinued. In 1935, the AWS and the ASTM both formed the joint AWS–ASTM Committee on Filler Metal to pro- vide standard speciﬁcations for welding rods, electrodes, ﬁller metals, and ﬂuxes for the developing U.S. pressure vessel industry. In 1969, this joint activity was dissolved and the AWS assumed sole responsibility for welding-related materials. Section II, Part C was developed by the ASME to include the Welding Material Speciﬁcations published by the AWS and adopted by the ASME for Code fabrication. In the 1968 edition of Section IX, the ASTM Welding Material Speciﬁcations were assigned F-numbers, but by the winter 1970 addenda to Section IX, these had been replaced with corresponding AWS Speciﬁcations. Although Section II, Part C contains only ANSI/AWS Welding Material Speciﬁcations (at least at the time of this writing), other recognized national and international standards can be adopted into it. In 1992, the BPTCS endorsed the use of standards other than ANSI/AWS Speciﬁcations. The “Guideline on the Approval of New Welding and Brazing Material Classiﬁcations under the ASME Boiler and Pressure Vessel Code” explains the process for adoption of new materials. This guideline is located at the begin- ning of Section II, Part C and is similar to the guidelines for base metals in Sections II, Parts A and B. The AWS Speciﬁcations are developed and written by volun- tary industrial experts, much as the rules developed for pressure vessel manufacturing in the ASME Code. The ANSI/AWS Speciﬁcations are reviewed by the cognizant ASME Committees before they are adopted into Section II, Part C. The Subcommittee on Welding (Section IX) of the ASME B&PV Code Committees is responsible for actions involving welding ﬁller metals. Since the ASME and the AWS maintain a close working relationship, the ANSI/AWS Speciﬁcations are generally adopted in their entirety without modiﬁcation by the ASME. Technical inquiries to Section II, Part C are also handled by the Subcommittee on Welding (Section IX). If questions arise involv- ing Section II, Part C, these inquiries should be submitted to the ASME B&PV Code Committee Secretary, as explained in Appendix I of Section II, Part C. Generally, inquiries to Section II, Part C are referred to the appropriate experts on the AWS com- mittees on welding ﬁller metal for resolution. 3.4.3 Organization of Section II, Part C Section IIC contains only those speciﬁcations that are relevant to ASME Code fabrication. Included within these speciﬁcations are classiﬁcations of welding rods, electrodes, and ﬁller metals. Because all welding material classiﬁcations are contained in the speciﬁcation, some materials may not be applicable for ASME Code fabrication. Welding and brazing materials are classiﬁed for all the common welding processes for joining the ferrous and non- ferrous materials listed in the P-number tables of QW/QB-422 in Section IX. P-numbers are groupings of base metals in Section IX that reduce the required number of welding and brazing procedure qualiﬁcations. The following is a listing of the ASME-adopted ANSI/AWS Speciﬁcations that constitute Section II, Part C: • SFA-5.01, Filler Metal Procurement Guidelines • SFA-5.02: Speciﬁcation for Filler Metal Standard Sizes, Packaging, and Physical Attributes • SFA-5.1/SFA-5.1M, Specification for Carbon Steel Electrodes for Shielded Metal Arc Welding • SFA-5.2, Speciﬁcation for Carbon and Low-Alloy Steel Rods for Oxyfuel Gas Welding • SFA-5.3/SFA-5.3M, Specification for Aluminum and Aluminum Alloy Electrodes for Shielded Metal Arc Welding • SFA-5.4/SFA-5.4M, Specification for Stainless Steel Electrodes for Shielded Metal Arc Welding ASME_Ch03_p001-088.qxd 1/22/09 4:27 PM Page 42 
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42 • Chapter 3
 3.4 SECTION II, PART C: SPECIFICATIONFOR WELDING RODS, ELECTRODES,AND FILLER METALS
 3.4.1 IntroductionWelding plays a major role in the fabrication of pressure vessels
 and related components to the requirements of the ASME B&PVCode. Reliable welding and brazing materials are required to pro-duce sound joints using one of the many welding and brazingprocesses available. The ASME B&PV Code [1] provides theWelding Material Specifications acceptable for Code fabrication inSection II, Part C (Specification for Welding Rods, Electrodes, andFiller Metals). These are the welding filler metal specifications of theAWS [2] adopted for use by the ASME. In this respect, Section II,Part C is comparable to Sections II, Parts A and B that contain theASTM Material Specifications [3] adopted by the ASME. TheAWS Welding Material Specifications are prefixed as ANSI/AWSto identify that these standards were developed in accordance withthe rules of the American National Standards Institute (ANSI) [4].Welding and Brazing Material Specifications in Section II, Part Care identical to the ANSI/AWS Specifications. However, once thespecification is adopted, the prefix changes from the letter “A” tothe letters “SFA.” For example, the ANSI/AWS specification forcarbon steel electrodes A5.1/A5.1M becomes SFA-5.1. SFA-5.1MSection II, Part C also includes appendices to the ANSI/AWSSpecifications that provide descriptions and explanations of theclassification system used for welding materials.
 The suffix M indicates that the latest revision includes metricequivalents. As AWS specifications are issued or revised the met-ric units are now included. Additionally, the ISO designations arebeing listed in the electrode or filler metal classifications withinthe specification. Usually, this is for comparison purposes only.However, SFA-5.34/SFA-5.34 is a new specification that uses boththe traditional and ISO formats in the classification. The dual clas-sification extends to the marking and label that is affixed to theelectrode package.
 Section II, Part C does not include all welding and brazingmaterials available to the industry; instead, it includes only thespecifications applicable to B&PV Code construction. Asexplained in other sections of the B&PV Code, particularlySection IX [5], welding is not restricted to the use of the weldingfiller metals listed in Section II, Part C; other welding materialscan be used if they are specified in Code Cases or if they are qual-ified separately. Code Cases or separate welding procedure quali-fications are generally used in special cases in which a filler metalis formulated to meet specific base metal properties or is a newmaterial that has not yet been classified in an ANSI/AWSSpecification.
 This chapter highlights the major features of the welding mate-rial specifications contained in Section II, Part C and their rela-tionship to other sections of the B&PV Code. Included are materialdescriptions, welding material applications, welding material pro-curement, the filler metal certification system, and the electrodeclassification system. The discussion that follows should proveuseful for one to gain a basic understanding of ASME/AWSWelding Material Classification and Specification.
 3.4.2 HistoryThe AWS was formed in 1919 when the National Welding
 Council was discontinued. In 1935, the AWS and the ASTM bothformed the joint AWS–ASTM Committee on Filler Metal to pro-vide standard specifications for welding rods, electrodes, filler
 metals, and fluxes for the developing U.S. pressure vessel industry.In 1969, this joint activity was dissolved and the AWS assumedsole responsibility for welding-related materials. Section II, Part Cwas developed by the ASME to include the Welding MaterialSpecifications published by the AWS and adopted by the ASMEfor Code fabrication. In the 1968 edition of Section IX, theASTM Welding Material Specifications were assigned F-numbers, but by the winter 1970 addenda to Section IX, thesehad been replaced with corresponding AWS Specifications.
 Although Section II, Part C contains only ANSI/AWS WeldingMaterial Specifications (at least at the time of this writing), otherrecognized national and international standards can be adoptedinto it. In 1992, the BPTCS endorsed the use of standards otherthan ANSI/AWS Specifications. The “Guideline on the Approvalof New Welding and Brazing Material Classifications under theASME Boiler and Pressure Vessel Code” explains the process foradoption of new materials. This guideline is located at the begin-ning of Section II, Part C and is similar to the guidelines for basemetals in Sections II, Parts A and B.
 The AWS Specifications are developed and written by volun-tary industrial experts, much as the rules developed for pressurevessel manufacturing in the ASME Code. The ANSI/AWSSpecifications are reviewed by the cognizant ASME Committeesbefore they are adopted into Section II, Part C. The Subcommitteeon Welding (Section IX) of the ASME B&PV Code Committeesis responsible for actions involving welding filler metals. Sincethe ASME and the AWS maintain a close working relationship,the ANSI/AWS Specifications are generally adopted in theirentirety without modification by the ASME.
 Technical inquiries to Section II, Part C are also handled by theSubcommittee on Welding (Section IX). If questions arise involv-ing Section II, Part C, these inquiries should be submitted to theASME B&PV Code Committee Secretary, as explained inAppendix I of Section II, Part C. Generally, inquiries to SectionII, Part C are referred to the appropriate experts on the AWS com-mittees on welding filler metal for resolution.
 3.4.3 Organization of Section II, Part CSection IIC contains only those specifications that are relevant
 to ASME Code fabrication. Included within these specificationsare classifications of welding rods, electrodes, and filler metals.Because all welding material classifications are contained in thespecification, some materials may not be applicable for ASMECode fabrication. Welding and brazing materials are classified forall the common welding processes for joining the ferrous and non-ferrous materials listed in the P-number tables of QW/QB-422 inSection IX. P-numbers are groupings of base metals in Section IXthat reduce the required number of welding and brazing procedurequalifications. The following is a listing of the ASME-adoptedANSI/AWS Specifications that constitute Section II, Part C:
 • SFA-5.01, Filler Metal Procurement Guidelines• SFA-5.02: Specification for Filler Metal Standard Sizes,
 Packaging, and Physical Attributes• SFA-5.1/SFA-5.1M, Specification for Carbon Steel
 Electrodes for Shielded Metal Arc Welding• SFA-5.2, Specification for Carbon and Low-Alloy Steel Rods
 for Oxyfuel Gas Welding• SFA-5.3/SFA-5.3M, Specification for Aluminum and
 Aluminum Alloy Electrodes for Shielded Metal Arc Welding• SFA-5.4/SFA-5.4M, Specification for Stainless Steel
 Electrodes for Shielded Metal Arc Welding
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 • SFA-5.4/SFA-5.4M, Specification for Low-Alloy SteelElectrodes for Shielded Metal Arc Welding
 • SFA-5.6, Specification for Covered Copper and Copper AlloyArc Welding Electrodes
 • SFA-5.7/SFA-5.7M, Specification for Copper and CopperAlloy Bare Welding Rods and Electrodes
 • SFA-5.8/SFA-5.8M, Specification for Filler Metals forBrazing and Braze Welding
 • SFA-5.9/SFA-5.9M, Specification for Bare Stainless SteelWelding Electrodes and Rods
 • SFA-5.10/SFA-5.10M, Specification for Bare Aluminum andAluminum Alloy Welding Electrodes and Rods
 • SFA-5.11/SFA-5.11M, Specification for Nickel and NickelAlloy Welding Electrodes for Shielded Metal Arc Welding
 • SFA-5.12/SFA-5.12M, Specification for Tungsten andTungsten Alloy Electrodes for Arc Welding and Cutting
 • SFA-5.13, Specification for Solid Surfacing Welding Rodsand Electrodes
 • SFA-5.14/SFA-5.14M, Specification for Nickel and NickelAlloy Bare Welding Electrodes and Rods
 • SFA-5.15, Specification for Welding Electrodes and Rods forCast Iron
 • SFA-5.16/SFA-5.16M, Specification for Titanium andTitanium Alloy Welding Electrodes and Rods
 • SFA-5.17/SFA-5.17M, Specification for Carbon SteelElectrodes and Fluxes for Submerged Arc Welding
 • SFA-5.18/SFA-5.18M, Specification for Carbon SteelElectrodes and Rods for Gas Shielded Arc Welding
 • SFA-5.20/SFA-5.20M, Specification for Carbon SteelElectrodes for Flux Cored Arc Welding
 • SFA-5.21, Specification for Bare Electrodes and Rods forSurfacing
 • SFA-5.22, Specification for Stainless Steel Electrodes forFlux Cored Arc Welding and Stainless Steel Flux Cored Rodsfor Gas Tungsten Arc Welding
 • SFA-5.23/SFA-5.23M, Specification for Low-Alloy SteelElectrodes and Fluxes for Submerged Arc Welding
 • SFA-5.24/SFA-5.24M, Specification for Zirconium andZirconium Alloy Welding Electrodes and Rods
 • SFA-5.25/SFA-5.25M, Specification for Carbon and Low-Alloy Steel Electrodes and Fluxes for Electroslag Welding
 • SFA-5.26/SFA-5.26M, Specification for Carbon and Low-Alloy Steel Electrodes for Electrogas Welding
 • SFA-5.28/SFA-5.28M, Specification for Low-Alloy SteelElectrodes and Rods for Gas Shielded Arc Welding
 • SFA-5.29/SFA-5.29M, Specification for Low-Alloy SteelElectrodes for Flux Cored Arc Welding
 • SFA-5.30, Specification for Consumable Inserts• SFA-5.31, Specification for Fluxes for Brazing and Braze
 Welding• SFA-5.32/SFA-5.32M, Specification for Welding Shielding
 Gases• SFA-5.34/SFA-5.34M: Specification for Nickel-Alloy
 Electrodes for Flux Cored Arc Welding
 Welding rods, electrodes, and filler metal are manufactured andclassified to the foregoing specifications. Additional materialsincluded in these specifications are gas tungsten arc welding(GTAW) electrodes, welding fluxes, brazing filler metal, brazingfluxes, and shielding gases. Classification is based on a combina-tion of chemical composition, strength, usability, toughness, chemi-cal composition, hydrogen content, and any special characteristics.
 Specification, SFA-5.01, is a guideline to simplify the procurementof welding and brazing materials. Recently, SFA-5.02 was added toconsolidare packaging requirements MTO are specification.
 3.4.4 AWS Welding Material SpecificationsTwo important features of Section II, Part C, aside from the
 Welding Material Specifications, are SFA-5.01 and the appendicesfor the individual specifications. As stated previously, SFA-5.01 is avaluable tool for determining welding material procurement require-ments, but it is also valuable for obtaining explanations of lot classi-fications and testing levels. The Appendices to the SFA specifica-tions are excellent guides that describe the individual electrodes,properties, and uses. If questions arise concerning the use or testingof a particular welding electrode or filler metal, the appendices aregood starting points for finding answers. As the Ans. specificationsare revised Appendix A in each specification now contains a com-parison of the Ans. classification with the ISO classification.
 Most electrodes have classifications that include usability char-acteristics and chemical composition requirements. Section IX(Welding and Brazing Qualifications) further defines these char-acteristics and requirements in paragraphs QW-430 and QW-440for welding qualification. The usability characteristic of an elec-trode determines the F-number assigned in Table QW-432 ofSection IX. F-numbers are referenced by the essential, supple-mental essential, and nonessential welding variables in Section IXfor welding procedures and performance qualification. The chem-ical composition of the undiluted weld deposit determines the A-number assigned in Table QW-442 of Section IX. A-numbersare referenced in the welding variables of Section IX for weldingprocedure qualification requirements involving ferrous metals. F-numbers and A-numbers for welding and brazing materials arehighlighted throughout this chapter for many of the commonlyused electrode classifications.
 Each of the individual Welding Material Specifications containacceptance and certification statements. The following are thestatements from SFA-5.14/SFA-5.14M [6].
 For acceptance:
 Acceptance of the filler metal shall be in accordance with theprovisions of ANSI/AWS A5.01, (Filler Metal ProcurementGuidelines).
 For certification:
 By affixing the AWS Specification and Classification desig-nations to the packaging, or the classification to the product,the manufacturer certifies that the product meets the require-ments of this specification.
 Both “acceptance” and “certification” of welding materials arevery important to ASME Code users. Depending on the fabricationsection of the Code, the User should understand these basic require-ments so that welding material is procured correctly. The fact that aWelding Material Manufacturer places the AWS Specification andclassification on the container does not mean that the tests requiredby the specification are conducted on that particular lot of weldingmaterials. It means only that the Manufacturer conducted therequired testing on material representative of that welding material.(Further discussion on acceptance and certification is covered in thediscussion on SFA-5.01.)
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44 • Chapter 3
 The following are summaries of the contents of the individualWelding Material Specifications. The purpose of these discussionsis to explain the Welding Material Specifications and relate themto ASME requirements. When possible, references are made toASME base metal specifications that can be welded with a specificclassification of electrode, rod, or filler metal. Such references areintended as examples only rather than a complete listing of all thebase metals for which each welding material is suitable.
 3.4.4.1 SFA-5.01: Filler Metal Procurement GuidelinesFiller metal procurement guidelines are published in Section II,Part C to provide the procurement and acceptance criteria asprescribed in each of the Welding Material Specifications. Theguidelines provide detailed methods by which the individual fillermetals are lot classified and tested. When procuring materials forASME Code fabrication, regardless of whether a Certificate ofConformance or a Certified Material Test Report is required, theseguidelines should be followed. As each specification states, theacceptance of the welding material is in accordance with the pro-visions of SFA-5.01.
 The guidelines begin with definitions that describe variousaspects or characteristics of welding materials, such as heats, lots,batches, blends, and mixes. These definitions are followed by spe-cific lot classifications based on the type of welding materialbeing procured. Four lot classifications describe the size of a pro-duction run of welding materials: covered electrodes, bare wire,flux-cored electrodes, and flux. These classifications allow thepurchaser to specify the level of control and the lot size necessaryto meet the application. If the welding material is for Section III,Division 1, Class 1 nuclear component fabrication [7], the lotclassification selected should meet the requirements of SectionIII, Subsection NB, paragraph NB-2400. If the application doesnot require lot controls, these classifications are less important.
 SFA-5.01 also includes testing schedules so that an appropriatelevel of testing can be specified when welding materials are pro-cured. Testing levels begin with Schedule F, which is theManufacturer’s standard. If welding materials are procured with-out specified requirements (i.e., off the shelf), this level of testingis what the Manufacturer would provide. The welding materialwould be supplied with the required markings on the container toserve as certification that the welding material meets the specifica-tion requirements. However, the markings certify only that materi-al representative of that being delivered was tested at some time inaccordance with the Material Manufacturer’s standard practice. Atypical certification would be provided upon request. If the pur-chaser wants a Certified Material Test Report for the tests requiredfor the classification of each lot shipped, Schedule J would bespecified, which requires that the Welding Material Manufacturerperform all the classification testing required by the specificationon the lot of material ordered. A Certified Material Test Reportwould then represent the actual lot or lots of welding materialbeing delivered. Schedule K, a level of testing specified by the pur-chaser, can be selected when filler metal to Section III NB require-ments is ordered. For Section III welding materials, the level oftesting is based on the design of the component, the welding pro-cedure and postweld heat treatment that will be used in fabrication.Therefore, the purchaser might list the tests and acceptance crite-ria, including certification requirements, in the purchase order.
 The final guideline is one that illustrates and gives examples ofmethods for use when welding materials are procured. Oneshould remember the importance of ordering the correct weldingmaterial to meet specific Code requirements. The purchaser’sacceptance of the wire can be satisfied only if the correct lot clas-
 sification and level of testing are included in the order, in additionto the quantity, size, and type of filler metal or electrodes.
 3.4.4.2 SFA-5.02: Specification for Filler Metal StandardSizes, Packaging, and Physical Attributes This specification waspublished in 2007. Details regarding sizes and packaging that pre-viously resided in the filler metal specifications were placed in A 5.02. It takes into account the requirements of a similar specifi-cation, ISO 544, and allows classification in both U.S. Customaryunits and Metric (SI) units. As filler metal specifications arerevised, sizes and packaging sections will be removed and A 5.02will be referenced.
 3.4.4.3 SFA-5.1/SFA-5.1M: Specification for Carbon SteelElectrodes for Shielded Metal Arc Welding It is appropriate thatSFA-5.1 is the first specification in Section II, Part C. Among thefirst classifications developed were those for carbon steel elec-trodes, which are widely used for welding plain carbon steel inB&PV Code applications. Electrodes in this specification are usedmainly for shielded metal arc welding (SMAW) of base metalsgrouped as P-Number 1 in QW/QB-422 of Section IX.
 Covered electrodes are classified in SFA-5.1 mainly by strengthand usability. Figure 3.4.1 illustrates a typical electrode classifica-tion for this specification. The letter “E” at the beginning of theclassification stands for electrode; the first two numbers thatfollow—either a 60 or 70—designate the minimum required ten-sile strength in ksi (1,000 psi), and the third number designateswelding position usability. For example, the “1” in E6010 indi-cates that the electrode is usable in all positions (flat, horizontal,vertical, and overhead). The third number is then taken togetherwith the fourth number (i.e., 10 in E6010) to designate the type ofcurrent and the type of electrode covering.
 Sometimes, optional supplemental designators are used to fur-ther identify electrodes that meet certain addition requirements.The “–1” designator in E7024-1 means that the electrode meetsimpact requirements at a lower temperature than that required forthe classification. Low-hydrogen electrodes can also be given theoptional designator “R,” such as in E7018R, to indicate that theelectrodes meet low-moisture-absorption (i.e., moisture-resistant)requirements. Even more optional supplemental designators canbe included for moisture or hydrogen testing. If the designator“HZ” follows the four-digit classification, the electrode will meetthe requirements for an average diffusible hydrogen content of notmore than “Z” ml/100 g of deposited metal when tested in the as-received or conditioned state. Therefore, an E7018-1H4 elec-trode produces a minimum 70 ksi tensile strength weld deposit(70), has a low-hydrogen coating for alternating current (ac) or
 FIG. 3.4.1 SFA-5.1: TYPICAL SMAW CARBON STEELELECTRODE CLASSIFICATION
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 direct current (dc) welding in all positions (18), has improvedfracture toughness (–1), and meets a maximum of 4 ml/100 mg ofdiffusible hydrogen (H4).
 Covered electrodes are composed of a covering and a carbonsteel core wire. Flux, minimal alloying, and iron powder (in someclassifications) are used to make the covering. The core wire isusually carbon steel that has a chemical composition differentfrom that of the weld deposit. Low-hydrogen electrodes (E7015,E7016, E7018, E7018M, E7028, and E7048) have low-moisture(i.e., low-hydrogen) mineral coverings. The E60XX electrodeshave cellulose, titania, or similar coverings that are not low inhydrogen. Both types of electrodes are acceptable for weldingcarbon steels for which hardenability is not a concern. Under cer-tain conditions, hydrogen can lead to cracking in either the heat-affected zone or the weld deposit in hardenable steels. One sourceof hydrogen is the moisture in the electrode coverings, for whichreason low-hydrogen electrodes should be selected for steels sus-ceptible to hydrogen-induced cracking.
 Electrodes classified in this specification are manufactured tomeet moisture limits based on the type of covering and strengthof the weld metal. Therefore, proper storage, treatment, and han-dling of electrodes are all necessary. Packaging normally pro-vides some degree of moisture protection during storage. Afterthe electrodes are removed from the packaging, low-hydrogenelectrodes are normally stored in heated containers in accordancewith the Manufacturer’s recommendations. Unlike the low-hydrogen electrodes in this specification, cellulose coverings forE6010 and E6011 electrodes need moisture levels of 3–7% fortheir proper operation. Heated storage is not recommended anddrying these electrodes may adversely affect their operation.
 3.4.4.4 SFA-5.2/SFA-5.2M: Specification for Carbon andLow-Alloy Steel Rods for Oxyfuel-Gas Welding This specifica-tion includes carbon and low-alloy steel filler metal used for oxyfu-el-gas welding (OFW). The letter “R” in the designation stands forrod. Filler metal made to the requirements of this specification issupplied in the bare wire form and usually in cut straight lengths.Number designations following the letter “R” represent the mini-mum tensile strength in ksi (i.e., 1,000 psi). Although OFW was oneof the first welding processes used for joining metals, OFW has lim-ited usage in the manufacture of pressure vessels to the B&PV Code.
 3.4.4.5: SFA-5.3/SFA-5.3M: Specification for Aluminum andAluminum Alloy Electrodes for SMAW Aluminum and alu-minum alloy electrodes produced to this specification are used forSMAW. As with the electrodes classified in SFA-5.1, the letter “E”in the designation stands for electrodes. However, the numbers inthe designation are based on the Aluminum Association’s [8] alloyidentification of the alloy type rather than tensile strength andusability. Aluminum and aluminum alloy type SMAW has largelybeen replaced with gas metal arc welding (GMAW) and gas tung-sten arc welding (GTAW). Therefore, electrodes manufactured tothis specification will see little, if any, use for ASME pressure ves-sel or component fabrication.
 3.4.4.6 SFA-5.4/SFA-5.4M: Specification for Stainless SteelElectrodes for SMAW Covered electrodes manufactured to thisspecification are used for depositing stainless steel weld metal withthe SMAW process. Weld metal deposited by these electrodes hasa chromium content of 10.5% or greater and an iron content that isgreater than that of any other element. Stainless steel electrodeshave a wide range of uses for corrosion resistance, cryogenic ser-
 vice, and heat- resistant applications in the fabrication of ASMEpressure vessels and piping.
 Unlike the carbon steel electrodes of SFA-5.1, stainless steelclassifications represent the chemical composition rather than thetensile properties. The last two numbers define positional usabilityand electrical characteristics. Therefore, an E308L-16 electrode isdefined by the letter “E” for electrode, the “308L” for the chemicalcomposition (nominal 19% Cr and 10% Ni with a low carbon con-tent). The last two number designators, “–16,” indicate all positionusability with ac or dc electrode positive (dcep). Figure 3.4.2 illus-trates another common stainless steel electrode classification.
 This specification allows an electrode to be classified undermore than one classification if all requirements are met for thoseclassifications. However, electrodes may not be classified undermore than one of the following designations: EXXX-15, EXXX-16,EXXX-17, EXXX-25, or EXXX-26. For example, an E308-16electrode may also be dual-classified as an E308H-16 electrode,but it cannot be classified as E308-15.
 A stainless steel electrode is composed of a core wire and a fluxcovering that determines the usability classification of the electrode.It should be noted that the core wire does not necessarily contain allthe elements that determine the weld deposit composition.Depending on the type of electrode, the covering can contributesome or most of the alloying elements.
 The composition ranges of weld metal deposited by stainless-steelelectrodes are grouped as A-No. 6–9 in QW-442 of Section IX.Stainless-steel electrodes are grouped as F-Nos. 1,4, and 5 in QW-432 of Section IX. Table 3.4.1 has a listing of each electrodeclassification and the corresponding F-Number and A-Number.
 Although the amount of ferrite in the weld deposit is not a fac-tor for classification, it is an important characteristic in stainlesssteel welding. Stainless steel welds are more susceptible to crack-ing or fissuring during welding than welds made with carbon steelelectrodes. Ferrite in the deposit helps to reduce this tendency forhot-cracking and strengthens the final weld. In some corrosion-resistant applications, electrodes are used that deposit welds withlittle or no ferrite because ferrite may have a detrimental effect.Electrodes classified as E310, E320, E320LR, E330, E383, andE385 deposit fully austenitic (i.e., no ferrite) weld metal. Ferriteis also known to reduce toughness in cryogenic service and totransform into the brittle sigma phase in high-temperature service.Austenitic weld deposits that are high in ferrite can also transformto the sigma phase during postweld heat treatments.
 It is not uncommon to specify ferrite ranges to avoid problemsassociated with too little or too much ferrite, depending on the appli-cation. Ferrite can be determined by chemical analysis of the undi-luted weld deposit or be measured with various magnetic instru-ments. The term ferrite number (FN) was selected by the WeldingResearch Council (WRC) to be used in lieu of percent ferrite for themagnetic-measuring instruments. The purpose of the ferrite number
 FIG. 3.4.2 SFA-5.4: TYPICAL SMAW STAINLESS STEELELECTRODE CLASSIFICATION
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 is to clearly indicate that ferrite readings are obtained using an instru-ment calibrated in accordance with the WRC’s calibration proce-dure. The AWS publishes the WRC’s calibration procedure require-ments in AWS A4.2 (Standard Procedures for Calibrating MagneticInstruments to Measure the Delta Ferrite Content of AusteniticStainless Steel Weld Metal). When the ferrite content is calculatedfrom the chemical composition of the weld deposit, the WRC–1992Diagram is specified [9]. Figure 3.4.3 is a reprint of the WRC-1992Diagram as taken from Section III, NB-2433.1-1. With either mag-netic measurement or chemical analysis using the WRC-1992
 Diagram, the amount of ferrite in the weld deposit is reported as anFN rather than as a percent. The ferrite number corresponds to per-cent ferrite (up to 10 FN).
 The following text gives brief descriptions of the stainless steelelectrodes used with SMAW. Included in these descriptions areexamples of base metals that can be welded with these electrodes.
 3.4.4.5.1 Nitrogen-Strengthened, Austenitic Stainless SteelElectrodes The E209, E219, and E240 electrodes are intended forwelding nitrogen-strengthened, austenitic stainless steel base
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 metals having comparable compositions. These types of stainlesssteels exhibit high strength and toughness over a wide range oftemperatures. Nitrogen alloying also reduces the tendency forintergranular carbide precipitation in the weld area, therebyincreasing its resistance to intergranular corrosion. Typically, E209is used for welding type XM-19 (UNS S20910), which is listed inASME Material Specifications SA-182, SA-240, SA-249, SA-312,SA-358, SA-403, SA-479, SA-813, and SA-814. E219 is designedfor welding type UNS S21900 base metal. E240 is typically usedfor welding type XM-29 (UNS S24000), which is listed in ASMEMaterial Specifications SA-240, SA-249, SA-312, SA-358, SA-479, SA-688, SA-813, and SA-814. Additionally, these
 electrodes are used for welding dissimilar alloys of carbon steeland stainless steel, and also for corrosion-resistant overlay. E240can be used in cladding or overlay applications for wear resistanceas well.
 3.4.4.5.2 Austenitic Stainless Steel Electrodes The E308 seriesof electrodes typically have wide ASME Code usage in the weld-ing of Type 304 stainless steels listed as P-No. 8 in QW/QB-422 ofSection IX. Type 304 (UNS S30400) or type 304L (UNS S30403)are the most common stainless steels welded with either E308 orE308L. Most of the 304 stainless steels are listed in ASMEMaterial Specifications SA-182, SA-213, SA-240, SA-249,
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 P-No. 8 in QW/QB-422 in Section IX and are located in the sameASME Material Specifications as UNS S30400.
 3.4.4.5.3 Austenitic Manganese Steel Electrodes Type E307electrodes are used primarily for moderate strength welds withgood crack resistance between dissimilar steels such as austeniticmanganese steel and carbon steel forgings or castings.
 3.4.4.5.4 Martensitic Stainless Steel Electrodes The E410 elec-trodes produce a martensitic, nominal 12% chromium (12Cr) alloydeposit. Both preheat and postweld heat treatments are gen erally rec-ommended. These electrodes can be used to weld UNS S41000 orS41008, listed in ASME Material Specifications SA-240, SA-268,and SA-479. E410NiMo is typically used for weld ing castings suchas Type CA6NM, listed in ASME Material Specification SA-487.
 3.4.4.5.5 Ferritic Stainless Steel Electrodes The E409Nb andE430 electrodes usually require both preheat and postweld heattreatments to obtain optimum mechanical properties and corrosionresistance. P-No. 7 base metal Types 405 (UNS S40500) 409(UNS S40900) and 430 (UNS S43000), listed in ASME MaterialSpecifications SA-240, SA- 268, and SA-479, can be welded withthese filler metals.
 3.4.4.5.6 Precipitation-Hardening Stainless Steel ElectrodesThe E630 electrodes are designed for welding Type 630 (UNSS17400) precipitation-hardening stainless steel and similar steel. The
 SA-312, SA-336, SA-358, SA-376, SA-403, SA-409, SA-430, SA-479, SA-666, SA-688, SA-813, and S A-814. The “L” grades aregenerally selected for improved corrosion resistance because the0.04% maximum carbon content of weld metal deposited by E308Lreduces the possibility of intergranular carbide precipitation.
 The E309 series of electrodes contains more chromium andnickel than the E308-type electrodes. These electrodes are used toweld base metals such as UNS S30900, S30908, S30909, S30940,and S30941. Base metals of these compositions are generally listedin the same ASME Material Specifications as UNS S30400.
 Both E309 and E309L are commonly used for the first layerwhen a corrosion resistant stainless steel overlay is applied. Theremaining layers are typically deposited with E308 or E308L.Because of their richer chemical composition, electrodes in thisgroup are also good for joining dissimilar metals, such as joiningType 304 stainless steel to carbon or low-alloy steel.
 Electrodes in the E316 series are generally used for weldingbase metals of like designations (316, 316L, etc.). Molybdenumstrengthens these stainless steels and provides creep resistance atelevated temperatures. Type 316 base metals appear in most of thesame ASME Material Specifications as UNS S30400.
 The E347 stainless steel electrodes have columbium or colum-bium plus tantalum to reduce the possibility of intergranularchromium carbide precipitation for increased intergranular corro-sion resistance. These electrodes are usually used for weldingstainless steels stabilized with columbium or titanium, such asType 347 (UNS S34700). Type 347 stainless steels are grouped as
 FIG. 3.4.3 WRC-1992 DIAGRAM FOR FERRITE NUMBER (FN) DETERMINATION (Source: Fig. N8-2433.1-1, Section III of the ASMEB&PVCode)
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 final weldment may be used as-welded, or welded and precipitation-hardened, or welded, solution-treated, and precipitation-hardened(depending on the application). Precipitation-hardening stainlesssteel materials are not listed in QW/QB-422 of Section IX.
 3.4.4.5.7 Duplex Stainless Steel Electrodes Type E2209,E2553 E2593, E2594, and E2595 are duplex stainless steelelectrodes. Weld metal deposited by these electrodes has anaustenitic-ferritic (duplex) microstructure. E2209 is used primarilyto weld duplex stainless steels such as UNS S31803, listed inASME Material Specification SA-240. UNS S31803 is grouped asP-No. 10H, Group 1 in QW/QB-422 of Section IX. E2553 andE2593 are used primarily to weld duplex stainless steels contain-ing approximately 25% chromium. E2594 and E2595 are used toweld the super-duplex stainless steels with a pitting resistanceequivalent number (PREN) of at least 40.
 3.4.4.6 SFA-5.5/SFA-5.5M: Specification for Low-Alloy SteelElectrodes for SMAW Contained in this specification are the clas-sification requirements for low-alloy steel electrodes used forSMAW of carbon and low-alloy steels. These electrodes includesteel alloys in which no single alloying element exceeds 10.5%. Asshown in Figure 3.4.4, the classification system is similar to that forSFA-5.1. However, there are more designators because these elec-trodes cover a wider range of steels. Mechanical properties of theweld metal deposit are also required in the as-welded or postweldheat treated condition.
 Because hydrogen can pose a significant problem when weldinglow-alloy steels, moisture testing of the covering is required to clas-sify some of the electrodes to this specification. However, the sup-plementary tests for absorbed moisture (the “R” designation) andthe diffusible hydrogen (the “HZ” designation) are not required forclassification of the low-hydrogen electrodes. Optional supplemen-tal designators are included in the SFA-5.1 discussion.
 This specification also includes a “G” classification that includeselectrodes classified as E(X)XXYY-G. The “G” indicates a generalelectrode classification with requirements usually agreed to by boththe purchaser and the supplier. The AWS Classifications nowinclude both the U.S. Customer, Unit designation and theInternational system of Units (SI) in the Tables. Electrodes may beclassified as both U.S. and metric (i.e., E7018x and E4918-x).
 Electrodes classified in this specification require mechanicalproperties and soundness to be determined from a groove weldtest assembly. The groove test assembly usually consists of a basemetal having similar characteristics to the tested electrode. Thetest plate is welded following the welding procedure requirements
 of SFA-5.5 for the classified electrode. After postweld heat treat-ment (if required), testing for classification may include radiogra-phy, tension testing, and Charpy V-notch impact testing. Sincemost of these electrodes are of low-alloy steel, the majority ofweld metal deposits are required to be tested in the postweld heat-treated rather than the as-welded condition.
 Users of Section III in the ASME Code should note that the test-ing required for classification is different than the testing requiredby NB-2400. To certify that the weld material is in accordancewith NB-2400, the welding process and conditions that representSection III fabrication requirements must be used for welding thetest assembly. Mechanical testing of the weld is then performed tothe NB-2400 requirements not the Section IIC requirements. Forexample, five Charpy V-notch impact specimens are required to betested at temperatures listed in SFA-5.5 for classification. If weldmetal deposited from this electrode requires impact testing toSection III, the test temperature and impact requirements would bedetermined by the component design. In addition, only threeCharpy V-notch impact specimens would be required.
 SFA-5.5 contains a variety of low-alloy steel electrodes havingdifferent chemical compositions and mechanical properties.Electrodes can be selected to deposit weld metal that closely matchthe chemical composition and the mechanical properties of the basemetal being welded. Table 3.4.2 contains a listing of the electrodeF-numbers from QW-432 and the A-numbers from QW-442 ofSection IX for undiluted weld metal deposit. The various types ofelectrodes are also discussed briefly in the following paragraphs.
 3.4.4.6.1 Carbon Molybdenum (C–Mo) Steel Electrodes TheE70YY electrodes are similar to carbon steel electrodes except for theaddition of approximately % molybdenum for increased strength,especially at elevated temperatures. ASME Material SpecificationsSA-204, Grade A plate (UNS K11820) and SA-335, Type P1 pipe(UNS K11522) are typically welded with these electrodes. These basemetals are grouped as P-No. 3, Group 1 in QW/QB-422 of Section IX.
 3.4.4.6.2 Chromium Molybdenum (Cr–Mo) Steel ElectrodesThe EX01Y-BX and EX01Y-BXL low-hydrogen electrodes producedeposits ranging from %–9% chromium and %–1% molybde-num. These electrodes are used for vessels and components, such asthose of Section I (Power Boilers), that are designed for high-temperature service. SMAW with Cr-Mo electrodes generallyrequires both preheat and postweld heat treatment. Base metals thatcan be welded with these electrodes are grouped as P-Nos. 4, 5A, 5B,and 5C in QW/QB-422 of Section IX.
 The 9Cr-1Mo electrodes have now been included in A5.5.Electrodes classified as E90XX-B9 are used to weld the enhancedcreep resistant 9Cr-1 Mo base metals. Thermal treatment of thesealloys is critical and most be closely controlled. Additionally,restrictions are imposed on the Mn and Ni to ensure the PWHTcan be maintained below the lower transformation temperature.
 3.4.4.6.3 Nickel Steel (Ni) Electrodes The EX01Y-CX andEX01Y-CXL electrodes are produced to have nickel contents withfive nominal levels of 1%, 1 %, 2 %, 3 %, and 6 % nickel. Theselow-hydrogen electrodes each have good notch toughness at lowtemperatures.
 3.4.4.6.4 Nickel Molybdenum (Ni–Mo) Steel Electrodes TheE8018-NM1 electrodes contain approximately 1% nickel and %molybdenum. Typical applications include the welding of highstrength, low-alloy, or microalloyed structural steels.
 12
 12
 12
 12
 12
 12
 12
 12
 FIG. 3.4.4 SFA-5.5: TYPICAL SMAW LOW-ALLOY STEELELECTRODE CLASSIFICATION
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 3.4.4.6.5 Manganese Molybdenum (Mn–Mo) SteelElectrodes The E(X)X01Y-DX electrodes produce depositswith a nominal 1 % manganese and % – % molybdenum.These electrodes are designed to match the mechanical proper-ties and corrosion resistance of low-alloy steels, such as ASMESA-302, Grade B.
 3.4.4.6.6 Other Low-Alloy Steel Electrodes The E(X)X01-YM(1) electrodes are low-hydrogen electrodes designed to weldthe high-yield strength steels. EX010-P1 electrodes have cellulosecoverings and are intended to weld API-5L-X52 and API-5L-X65piping. EX015-WX electrodes are low-hydrogen electrodesdesigned to weld deposits that match the corrosion resistance andcoloring of the ASTM weathering type structural steels, such asASTM A242 and A588.
 23
 13
 12
 3.4.4.7 SFA-5.6: Specification for Covered Copper and CopperAlloy Arc Welding Electrodes This specification provides therequirements for classifying covered copper and copper-alloy elec-trodes used for SMAW. Welding electrodes in this specification areclassified based on the chemical composition of the undiluted weldmetal deposit. The copper content exceeds that of any other element.The classification is similar to the stainless steel electrodes in that thedesignators following the letter “E” represent the chemical composi-tion of the weld deposit. Electrodes in this specification are used toweld a wide range of copper-based alloys, such as copper, aluminumbronze, phosphorous bronze, silicon bronze, and copper nickel.
 3.4.4.8 SFA-5.7/SFA-5.7M: Specification for CoveredCopper and Copper Alloy Bare Welding Rods and ElectrodesThis specification is similar to SFA-5.6 except that this specification
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 provides the requirements for classifying covered copper and cop-per alloy bare welding rods and electrodes. (Bare welding rods andelectrodes are also commonly referred to as bare wire or fillermetal). These filler metals are typically used for GTAW, GMAW,and plasma arc welding (PAW). Classification is based on thechemical composition of the filler metal rather than the undilutedweld-metal deposit. These filler metals follow the same generalclassification system as the covered electrodes of SFA-5.6, exceptthat the prefix “ER” for bare electrodes and rod replaces the “E”for electrode. Applications for these filler metals are generally thesame as those for the copper and copper alloy covered electrodes.
 3.4.4.9 SFA-5.8 SFA-58m: Specification for Filler Metals ofBrazing and Braze Welding This is the only specification forbrazing filler metals that is referenced in Section IX (QB-Brazing).Although this specification includes materials for braze welding,the main application for these materials is for brazing. Fillermetals classified in this specification include all metal and alloycompositions for brazing, with or without flux and in protectiveatmospheres. Standard forms include wire, strip, sheet, foil, rod,powder, and paste.
 The brazing filler metals covered by this specification are clas-sified according to their chemical composition. Defining the filler
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 metal starts with “B” for brazing, followed by a chemical symbol(such as Cu) to identify the major element. The remaining ele-mental symbols indicate the principal alloying elements; forexample, BCuP contains the primary element of copper withphosphorous alloying. Filler metals identified by the prefix “RB”indicate that the filler metal is suitable for use as a brazing rod forbraze welding and as a brazing filler metal. Typically, theRBCuZn classifications are used in braze welding. Filler metalclassifications for vacuum service are similar to those for otherfiller metals, except that the letter “V” appears in the classifica-tions (e.g., BVAg-8). Devices brazed by the use of these fillermetals are intended to operate in vacuums regardless of the
 atmosphere used in brazing the base metals. Vacuum servicefiller metals are manufactured to reduce the high vapor pressureimpurities. Grade 1 filler metals meet more stringent requirementsfor the high vapor pressure impurities than those of Grade 2.
 As defined by the AWS:
 Brazing is a group of metal joining processes which pro-duces coalescence of materials by heating them to a suitabletemperature and by using a filler metal having a liquidusabove 840°F (450°C) and below the solidus of the base mate-rials. The filler metal is distributed between the closely fittedsurfaces of the joint by capillary action.
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 In braze welding, the primary difference is that the filler is notdistributed in the joint by capillary action. The following para-graphs briefly discuss the brazing filler metals.
 3.4.4.9.1 Brazing Filler Metal Classifications The BAg (sil-ver) filler metals are widely used for joining steel, stainless steel,copper, and copper alloys. The alloys in this group are commonlyreferred to as silver solders. These filler metals exhibit good braz-ing characteristics and properties. As with the majority of brazingapplications, lap joints are usually employed with tight joint clear-ances. When the filler metals are used with torch brazing, the fillermetal can be preplaced (such as brazing rings) or fed manually intothe joint. Brazing flux is generally required. Because cadmiumfumes are poisonous, many of the alloys in this group were devel-oped to eliminate the cadmium; these are commonly known ascadmium-free or cad-free brazing filler metals.
 BAu (gold) filler metals are used for the brazing of iron, nickel,and cobalt base metals in which better ductility, greater oxidationresistance, or greater corrosion resistance is required. BAu iscommonly used on thin metals for induction, furnace, or resis-tance brazing in a protective atmosphere.
 BAlSi (aluminum–silicon) filler metals are used for joining alu-minum and aluminum alloys such as 1060, 1350, 1100, 3003,3004, 3005, 5005, 5050, 6053, 6061, 6951, 7005, 710.0, and711.0. Because aluminum readily oxidizes, brazing flux is essen-tial for all brazing processes except vacuum brazing.
 BCuP (copper–phophorous) filler metals are used primarily forjoining copper and copper alloys. BCuP-filler metals are used exten-sively with manual torch brazing, but they are suitable for all braz-ing processes. These filler metals are self-fluxing when used on cop-per. When copper alloys are brazed, a brazing flux is recommended.
 BCu (copper) and RBCuZn (copper–zinc) filler metals are usedfor joining both ferrous and nonferrous metals. BCu is commonlyused in furnace brazing applications for joining ferrous metals, nick-el alloys, and copper nickel alloys. RBCuZn filler metals, particular-ly RBCuZn-B, are commonly used for braze welding applications.
 BNi (nickel) filler metals are generally used for their corrosion-resistant and heat-resistant applications. The BNi-filler metals haveexcellent properties at high-service temperatures and are well-suitedfor vacuum service applications because of their low vapor pressure.
 3.4.4.10 SFA-5.9/SFA-5.9M: Specification for Bare StainlessSteel Welding Electrodes and Rods This specification is similarto SFA-5.4 for covered electrodes except that it includes fillermetal for use with GTAW, GMAW, PAW, and submerged arc weld-ing (SAW) with flux. Filler metal classified in this specification isavailable as wire, strip, composite metal-cored, and stranded-wireor rod. Weld metal deposited by these electrodes or rods has a min-imum chromium content of 10 % and an iron content that isgreater than that of any other element. Stainless steel filler metalssee a wide range of uses for cryogenic-service, corrosion-resistant,and heat-resistant applications in the fabrication of ASME pres-sure vessels and piping.
 Classification of these welding materials follows that of theSFA-5.4 stainless steel electrodes. The main difference is that thedesignation begins with the letters “ER” to denote solid wire orrods. SFA-5.9 also allows filler metals to have more than one clas-sification, provided all the requirements are met for those classifi-cations. For example, an ER308 filler metal may also be classifiedas ER308H. Mechanical properties are not included in the classi-fication of filler metals in this specification; however, the tensileproperties shown in SFA5.4 are generally applicable to the weldmetal deposited by these filler metals.
 12
 Chemical composition is determined by analysis of the solid orproduct form except for composite and stranded electrodes, whichare classified by analysis of the undiluted weld metal deposit.Both Sections IX and III [1] give additional requirements for thechemical analysis of filler metal and electrodes. QW-404.5 is anessential variable in Section IX for the welding procedure qualifi-cation; it details the chemical analysis requirements that are usedto determine A-Numbers for ferrous metals. Section III, NB-2432contains the requirements for chemical analysis of welding mate-rials to be used for the fabrication and repair of Class 1 nuclearcomponents or vessels.
 Stainless steel filler metals in this specification fall within A-Nos. 6–9 composition ranges in QW-442 of Section IX. All barewires, composite wires, or strips in this specification are groupedas F-No. 6 in QW-432. Table 3.4.3 lists the electrode classifica-tion and the corresponding A-Number and F-Number.
 As with all stainless steel materials, ferrite is important inreducing the tendency for hot-cracking and for strengthening thefinal weld deposit. Although ferrite is not present in all classifica-tions in this specification, it is beneficial when highly restrainedjoints or heavy sections are welded. Some variations of ferrite inthe deposit can be expected when the same filler metal is usedwith different welding processes.
 Ferrite determination is not required to classify filler metal orelectrodes in this specification. However, the purchaser may imposeferrite controls when ordering filler metal to ensure sound welds forthe selected welding process or procedure. As explained in the dis-cussion of SFA-5.4, ferrite can be determined by chemical analysisof the undiluted weld deposit or be measured with various magneticinstruments. Because the chemical composition of the solid orproduct form is required to classify materials in this specification,ferrite is commonly determined by chemical analysis.
 This specification includes welding materials for use on a widerange of stainless steel base metals. The following paragraphsbriefly discuss some different types of stainless steel filler metals.
 3.4.4.10.1 Nitrogen-Strengthened, Austenitic Stainless SteelElectrodes and Rods The ER209, ER218, ER219, and ER240filler metals are intended for welding nitrogen-strengthened,austenitic stainless steels that exhibit high strength and toughnessover a wide range of temperatures. Nitrogen alloying also reducesthe tendency for intergranular carbide precipitation in the weldarea, thereby increasing its resistance to intergranular cor rosion.Typically, ER209 can be used for welding type XM-19 (UNSS20910), which is listed in ASME Material Specifications SA-182, SA-240, SA-249, SA-312, SA-358, SA-403, SA-479,SA-813, and SA-814. ER218 is designed for welding type UNSS21800 that is listed in ASME Material Specifications SA-240 andSA-479. ER219 is typically used for welding UNS S21900. ER240can be used for welding type XM-29 (UNS S24000), which is listed in ASME Material Specifications SA-240, SA-249, SA-312,SA-358, SA-479, SA-688, SA-813, and SA-814. Nitrogen-strengthened, austenitic stainless steels are grouped as P-No. 8,Group 3 in QW/QB-422 of Section IX.
 3.4.4.10.2 Austenitic Stainless Steel Electrodes and Rods TheER308-grouped filler metals have wide use in the welding ofTypes 304 stainless steels, which are grouped as P-No. 8 inQW/QB-422 in Section IX. P-No. 8 base metals are listed inASME Material Specifications SA-182, SA-213, SA-240, SA-249,SA-312, SA-336, SA-358, SA-376, SA-403, SA-409, SA-430,SA-479, SA-666, SA-688, SA-813, and SA-814. Type 304 (UNSS30400) or Type 304L (UNS S30403) are the most common
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 stainless steels welded with either ER308 or ER308L. The “L”grades are generally selected for improved corrosion resistancebecause the 0.03% maximum carbon content of weld metaldeposited by ER308L reduces the possibility of intergranular car-bide precipitation. Because of the chemistry overlap, an ER308could also be certified as ER308H.
 The ER309 series of filler metals contains more chromium andnickel than the ER308 types. These filler metals are used to weldbase metals such as UNS S30900, S30908, S30909, S30940, andS30941. Base metals of these compositions are generally listed in
 the same ASME Material Specifications as UNS S30400. BothER309 and ER309L are commonly used for applying the firstlayer of corrosion-resistant stainless-steel overly. The remaininglayers are typically deposited with ER308 or ER308L. Because oftheir richer chemical composition, electrodes in this group arealso good for joining dissimilar metals, such as Type 304 stainlesssteel joined to carbon or low-alloy steel.
 Filler metals in the ER316 grouping are generally used for weld-ing base metals of like designations (316, 316L, etc.) Molybdenumstrengthens these stainless steels and provides creep resistance at
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 elevated temperatures. Type 316 base metals are typically listed inthe same ASME Material Specifications as UNS S30400.
 The ER347 filler metals are stabilized with columbium orcolumbium plus tantalum to reduce the possibility of intergranu-lar chromium carbide precipitation for increased intergranularcorrosion resistance. These filler metals are usually used for weldingstainless steels of similar composition that have been stabilizedwith columbium or titanium, such as Type 347 (UNS S34700).Type 347 stainless steels are grouped as P-No. 8 in QW/QB-422of Section IX and are listed in the same ASME MaterialSpecifications as UNS S30400.
 The ER308, ER309, ER316, and ER347 grouping of filler met-als in this specification also have grades that contain silicon toimprove the usability of these electrodes with GMAW. The classi-fications with silicon end with the elemental symbol “Si.”
 The ER3556 weld deposits are resistant to high-temperaturecorrosive environments containing sulfur. This filler metal is
 typically used to join UNS R30556 in ASME MaterialSpecifications SB-435, SB-572, SB-619, SB-622, and SB-626.These base metals are grouped as P-No. 45 in the nonferrousQW/QB-422 P-number tables of Section IX.
 3.4.4.10.3 Martensitic Stainless Steel Electrodes and RodsThe ER410 filler metals deposit a martensitic, 12% chromium(12Cr) alloy weld. Preheat and postweld heat treatments are gen-erally recommended. These electrodes could be used to weld UNSS41000 or S41008, listed in ASME Material Specifications SA-240, SA-268, and SA-479. E410NiMo is typically used for weld-ing castings such as Type CA6NM, listed in ASME MaterialSpecification SA-487.
 3.4.4.10.4 Ferritic Stainless Steel Electrodes and Rods TheER430 filler metals usually require both preheat and postweld heattreatment to obtain optimum mechanical properties and corrosion
 TABLE 3.4.3 (CONTINUED)
 ER410 S41080 A–6e F-No. 6
 ER410NiMo S41086 None F-No. 6
 S42080 None F-No. 6
 Martensitic
 Ferritic
 ER409 S40900 A–7f F-No. 6
 ER409Nb S40940 A–7f F-No. 6
 ER430 S43080 A–7 F-No. 6
 ER446LMo S4687 A–7g F-No. 6
 Precipitation Hardening
 Austenitic-Nitrogren Strengthened
 Austenitic Mangenese
 Duplex Stainless Steel (Austenic-Ferritic)
 ER439 S43035 A–7 F-No. 6
 ER630 S17480 None F-No. 6
 ER209 S20980 None F-No. 6
 ER218 S21880 None F-No. 6
 ER219 S21980 None F-No. 6
 ER240 S24080 None F-No. 6
 ER307 S30780 None F-No. 6
 ER2209 S39209 A–8 F-No. 6
 ER2553 S39553 A–8d, h F-No. 6
 ER2594 S32750 A–8d F-No. 6
 ER420
 Notes:(a) A-number per Section IX, QW -442 based on filler chemistry or undiluted weld deposit.(b) Austenitic weld metal deposits may or not contain ferrite. Generally, ER310, ER320, ER320LR, ER383, and ER385 are fully austenitic. ER316 types can be made to deposit little or no ferrite or can be made to contain ferrite over FN. ER16-8-2 is made to be low in ferrite, whereas ER312 can have ferrite over 20FN.(c) Cr content of the weld deposit may fall outside the 14.50-30.00% Cr range for A-No. 8.(d) Weld deposits from these electrodes have specified Cu contents.(e) Mo contents of the weld deposit may exceed the 0.70% Mo maximum of A-No. 6.(f) Cr content of the weld deposit may fall outside of the 11.00–30.00% Cr range for A-No. 7.(g) Mo contents of the weld deposit may exceed the 1.00% Mo maximum of A-No. 7.(h) Ni content of the weld deposit may fall outside of the 7.50–15.00% Ni range for A-No. 8.
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 resistance. P-No. 7 base metals, Types 405 (UNS S40500) and 430(UNS S43000) listed in ASME Material Specifications SA-240,SA-268, and SA-479, can be welded with these filler metals.
 3.4.4.10.5 Duplex Stainless Steel Electrodes and Rods TheER2209, ER2553 and FR 2594 filler metals deposit duplex stainless-steel weld metal having an austenitic-ferritic (duplex) microstructure.ER2209 is used primarily to weld duplex stainless steels such asUNS S31803, listed in ASME Material Specification SA-240. UNSS31803 is grouped as P-No. 10H, Group 1 in QW/QB-422 of SectionIX. E2553 is primarily used to weld duplex stainless steels contain-ing approximately 25% chromium. ER2594 is used to word supper-duniex stainless steles with a PREN of at least 40.
 3.4.4.11 SFA-5.10/SFA-5.10M: Specification for BareAluminum and Aluminum Alloy Welding Electrodes andRods Bare aluminum and aluminum alloy electrodes and rodsproduced to this specification are for use with gas-shieldedprocesses such as GMAW, GTAW, PAW, and OFW. As with theother bare filler metals, the letters “ER” in the designation indi-cate that the wire can be used either as an electrode or as weldingrod. Filler metals become electrodes with the GMAW process;welding rods with GTAW, PAW, and OFW. The remaining numer-ical portion of the classification is based on the AluminumAssociation’s [8] alloy designation identifying the alloy typerather than tensile strength and usability. In general, aluminumand aluminum-base alloys are grouped as P-Nos. 21, 22, 23, and 25in QW/QB-422 of Section IX. The welding materials are groupedas F-Nos. 21, 22, 23, 24, and 25 in QW-432.
 Typically, ER1100 (F-No. 21) filler metal can be used to weldUNS A91100 and UNS A93003 (P-No. 21) base metals listed inASME Material Specifications SB-209, SB-221, and SB-241.Both UNS A95052 and UNS A95652 are in the same MaterialSpecifications, but are grouped as P-No. 22. These two aluminumalloys are commonly welded with ER5654 (F-No. 22).
 One of the most commonly welded aluminum alloys is UNSA96061 (Type 6061), which is grouped as P-No. 23 in QW/QB-422. It is typically welded with ER4043 (F-No. 23), althoughother fillers are suitable. Type 6061 is listed in ASME MaterialSpecifications SB-209, SB-210, SB-211, SB-221, SB-234, SB-241,SB-247, and SB-308.
 UNS A95083 base metal is grouped as P-No 25; it is listed inASME Material Specifications SB-209, SB-221, SB-241, and SB-247. ER5183 (F-No. 22) is typically used to join this material.The welding rods R-A356.0, R206.0, R-C355.0, R357.0, and R-A357.0, grouped as F-No. 24 in QW-432, are designed for repairor fabrication of castings of comparable chemical composition.Finally, ER2319 is the only filler metal listed as F-No. 25 in
 QW/QB-422. ER 2319 is intended for welding aluminum alloy2219 that is not assigned a P-Number.
 Many of the filler metals listed in this specification can be used onmultiple aluminum and aluminum alloys. Guides for the selection anduse of aluminum and aluminum-alloy filler metals are in numerouspublications, including those available from the AWS and ASTM.
 3.4.4.12 SFA-5.11/SFA-5.11M: Specification for Nickel andNickel Alloy Welding Electrodes for SMAW Covered electrodesmanufactured to this specification are used for depositing nickel andnickel alloy weld metal with SMAW. Weld metal deposited bythese electrodes has a nickel content greater than that of any otherelement. Nickel-base alloys for welding cast iron are not in thisspecification; they are classified in SFA-5.15. Electrodes in SFA-5.11 have a wide range of uses for cryogenic service, corrosion-resis-tant, and oxidation-resistant applications in the fabrication ofASME pressure vessels and piping.
 Nickel and nickel alloy electrode classifications begin with theletter “E,” followed by the symbol for nickel (“Ni”) to represent theprimary element. This symbol is then followed by the remainingprincipal elements, such as Cr, Mo, Cu, Co, and Fe. When the prin-cipal elements are identical, a numerical designator is added at theend of the classification. Like most stainless steel and nonferrouselectrodes, this classification represents the type of nickel alloyrather than the tensile strength. Therefore, an ENiCrFe-3 classifica-tion is a nickel alloy electrode containing chromium and iron. It isalso the third (-3) of many ERNiCrFe designations. Figure 3.4.5illustrates a typical nickel welding electrode classification.
 Nickel-base electrodes are assigned as F-Nos. 41–46 in QW-432of Section IX for procedure and performance qualification. Theseelectrodes are used for welding nickel and nickel-base alloyslisted as P-Nos. 41–49 in QW/QB–422. A-Numbers are notassigned in QW-442 for nickel-base electrodes because the welddeposit is nonferrous.
 When nickel-base alloys are welded, cleanliness is imperative.Low-melting-point contaminants, such as sulfur, lead, and silver,may cause embrittlement and subsequent cracking of the basemetal or weld during heating or welding. In addition to joiningmetals of comparable composition, these electrodes are commonlyused for welding dissimilar base metals and also for clad overlay.In either case, it is important to use welding techniques that mini-mize dilution of the weld deposit by the base metal.
 The following text includes general descriptions of some elec-trode types and the applications for them. Other than the classifi-cations for welding 9% nickel steels, most of these electrode clas-sifications can also be used for corrosion resistant overlay(cladding), surfacing, and welding nickel-base alloys to steel.
 The ENi-1 classified electrodes are predominantly nickel andare typically used to join base metals such as UNS N02200 orN02201, listed in ASME Material Specifications SB-160, SB-161,SB-162, SB-163, and SB-366. ENIC-4 is used primarily to usedcast ASTM A 560.
 The ENiCu-7 electrodes are typically used for welding nicel-copper alloys, for welding nickel-copper alloys to steel, and forcorrosion resistant overlay (cladding) of steel. Base metals ofUNS N04400, listed in ASME Material Specifications SB-127,SB-163, SB-164, SB-165, SB-366, and SB-564, can be weldedwith these electrodes.
 The ENiCrFe-1, ENiCrFe-2, and ENiCrFe-3 electrodes can beused to join UNS N06600 base metal, listed in ASME MaterialSpecifications SB-163, SB-166, SB-167, SB-168, SB-366, SB-516, SB-517, and SB-564.
 FIG. 3.4.5 SFA-5.11: TYPICAL SMAW NICKEL WELDINGELECTRODE CLASSIFICATION
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 The ENiCrFe-4, ENiCrFe-9, and ENiCrFe-10 electrodes aretypically used for welding 9% nickel steel, grouped as P-No. 11A, Group 1 in QW/QB-422 of Section IX. The 9% nickel-steel-base metal (UNS K81340) is listed in ASME MaterialSpecifications SA-333, SA-334, SA-420, SA-353, SA-522, andSA-553. ENiMo-8 and ENiMo-9 electrodes can also be used forwelding 9% nickel steel.
 The ENiCrFe-7 electrodes can be used for welding thenickel– chromium–iron alloy (UNS N06690), listed in ASMEMaterial Specifications SB-163, SB-166, SB-167, SB-168, andSB-564.
 The ENiCrFe-12 electrode is used for welding base metals des-ignated as UNS N06025 and the ENiCrFeSi-1 electrode is used toweld base metals designated as UNS N06045.
 The ENiMo-1 electrodes can be used for weldingnickel–molybdenum alloys to steel and to other nickel-basealloys. Nickel–molybdenum base metal (UNS N10001) is listedin ASME Material Specifications SB-333, SB-335, SB-619, SB-622, and SB-B626. Another Ni–Mo electrode (ENiMo-3) is typically used for welding dissimilar metal combinations ofnickel-base, cobalt-base, and iron-base alloys.
 The ENiMo-7 electrodes have controlled low levels ofcarbon, iron, and cobalt. They are typically used to weld nickel-molybdenum alloy (UNS N10665), listed in ASME MaterialSpecifications SB-333, SB-335, SB-619, SB-622, and SB-B626.
 ENiMo-8 and ENiMo-9 are used for welding 9 percent nickelSTeel.
 The ENiMo-10 electrodes can be used for welding UNSN10665 and N10675 base metals, listed in ASME MaterialSpecifications SB-333, SB-335, SB-619, SB-622, and SB-626.
 The ENiCrCoMo-1 electrodes can be used for weldingnickel–chromium–cobalt-molybdenum alloy (UNS N06617), listedin ASME Material Specifications SB-166 and SB-564.
 The ENiCrMo-l electrodes can be used for welding nickel–chromium–molybdenum alloy (UNS N06007), listed in ASMEMaterial Specifications SB-366, SB-581, SB-582, SB-619, andSB-622.
 The ENiCrMo-3 electrodes are typically used for weldingnickel–chromium–molybdenum alloy (UNS N06625), listed inASME Material Specifications SB-366, SB-443, SB-444, SB-446,SB-564, SB-704, and SB-705.
 The ENiCrMo-4 electrodes can be used for welding nickel-chromium–molybdenum alloy (UNS N10276), listed in ASMEMaterial Specifications SB-366, SB-564, SB-574, SB-575, SB-619, SB-622, and SB-626.
 The ENiCrMo-5 electrodes can be used for surfacing steel cladwith a nickel-chromium-molybdenum alloy.
 The ENiCrMo-6 electrodes represent yet another classifica-tion that can be used for welding 9% nickel steel. The 9% nick-el-steel-base metal (UNS K81340) is listed in ASME MaterialSpecifications SA-333, SA-334, SA-420, SA-353, SA-522, andSA-553.
 The ENiCrMo-7 electrodes can be used for welding nickel-chromium–molybdenum alloy (UNS N06455), listed in ASMEMaterial Specifications SB-366, SB-574, SB-619, SB-622, andSB-626.
 The ENiCrMo-9 electrodes can be used for welding nickel–chromium–molybdenum alloy (UNS N06985), listed in ASMEMaterial Specifications SB-366, SB-581, SB-582, SB-619, SB-622,and SB-626.
 The ENiCrMo-10 electrodes can be used for welding nickel-chromium–molybdenum alloy (UNS N06022), listed in ASME
 Material Specifications SB-366, SB-564, SB-574, SB-575, SB-619, SB-622, and SB-626.
 The ENiCrMo-11 electrodes can be used for welding nickel-chromium-molybdenum alloy (UNS N06030), listed in ASMEMaterial Specifications SB-366, SB-581, SB-582, SB-619, SB-622, and SB-626.
 The ENiCrMo-12 electrodes are typically used for weldingchromium–nickel–molybdenum austenitic stainless steels to them-selves, to duplex stainless steels, to nickel–chromium–molybdenumalloys, and to steel. The ENiCrMo-12 composition is balanced toprovide corrosion resistant welds for use at temperatures below thecreep range of highly alloyed austenitic stainless steels. UNSS31254 is one alloy that can be welded with these electrodes; it islisted in ASME Material Specifications SA-182, SA-240, SA-249,SA-312, SA-358, SA-403, SA-409, SA-479, SA-813, and SA-814.
 The ENiCrMo-13 electrodes can be used for weldingnickel–chromium–molybdenum alloy (UNS N06059), listed inASME Material Specifications SB-366, SB-564, SB-574, SB-575,SB-619, SB-622, and SB-626.
 The ENiCrMo-14 electrodes can be used to weld nickel–chromi-um-molybdenum alloys such as UNS N06686, N06625, N10276,and N06022. UNS N06625 is listed in ASME MaterialSpecifications SB-366, SB-443, SB-444, SB-446, SB-564, SB-704,and SB-705, whereas both UNS N10276 and N06022 are in listed inSB-366, SB-564, SB-574, SB-575, SB-619, SB-622, and SB-626.
 Electrodes, ENiCrMo-17, -18, and -19 have been added to A 5.11.ENiCrMo-17 is used for welding UNS N06200 base metals ENC C-Mo-18 is used to weld UNS N06625 besemetals, but can be usedfor N06625, N08825, N06985, N08020, No 8926 and No 8031.ENiCrMo-19 is used to weld UNS N06058 basemetals. Other addi-tions include ENS CrCoMo-1 and ENiCrWMo-1. ENiCrCoMo-1 isused to weld UNS N06617 base metals and ENiCrWMo-1 is used toweld UNS N06230 base metal.
 3.4.4.13 SFA-5.12/SFA-5.12M: Specification for BareTungsten and Tungsten Alloy Electrodes for Arc Welding andCutting This specification includes the requirements for baretungsten and tungsten alloy electrodes used for welding and cut-ting with GTAW and PAW. Tungsten electrodes are not consumedduring welding or cutting; they are instead used to establish theelectric arc. The classification starts with the letter “E” for elec-trode and is followed by the symbol “W” for tungsten. Either theletter “P” for pure or the type of oxide alloyed with the tungstenfollows the “W” designator. The remaining number designatorindicates the percent of oxide. For example, the classificationEWTh-2 is an electrode (E) that is made of tungsten (W) having athorium oxide or thoria (Th) content of 2% (-2). Tungsten elec-trodes designated as EWTh-2 are the most prevalent and are com-monly referred to as 2% thoriated tungsten electrodes.
 3.4.4.14 SFA-5.13: Specification for Solid SurfacingWelding Rods and Electrodes This specification includes therequirements for bare electrodes, rods, and covered electrodesused for surfacing. Bare electrodes and rods are used for surfacingwith GTAW and GMAW; covered electrodes are used for surfac-ing with SMAW. The bare filler metals are classified in the solid orproduct form based on the manufactured chemical composition;covered electrodes are classified based on the chemical composi-tion of their undiluted weld metal. Most of the welding materialsin this specification are used in hard-facing applications for abra-sion, wear, or galling resistance. Many also produce weld depositsthat provide corrosion and oxidation resistance.
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 3.4.4.15 SFA-5.14/SFA-5.14M: Specification for Nickel andNickel- Alloy Bare Welding Electrodes and Rods This specifi-cation gives the requirements for classifying bare nickel and nick-el-base alloy welding electrodes, strip electrodes, and welding rodsfor use in GTAW, GMAW, PAW, and SAW with flux. Weld metaldeposits from these electrodes have a nickel content that is greaterthan that of any other element. Nickel-base electrodes and rods fol-low the same basic classification system as the nickel and nickelalloy covered electrodes in SFA-5.11. These electrodes are used inASME Code fabrication for a wide range of cryogenic service,corrosion- resistant, and oxidation-resistant applications.
 Nickel-base welding electrodes and rods are assigned F-Nos.41–46 in QW-432 of Section IX for procedure and performancequalification. These filler metals are used for welding nickel andnickel-base alloys listed as P-Nos. 41–49 in QW/QB-422. Sincenickel-base electrodes deposit nonferrous weld metal, A-Numbersof QW-442 are not applicable.
 When nickel-base alloys are welded, cleanliness is imperative.Low-melting-point contaminants, such as sulfur, lead, and silver,may cause embrittlement and subsequent cracking of the basemetal or weld during heating or welding. These electrodes and fillermetals are commonly used for welding dissimilar base metals andfor clad overlay. In either case, it is important to use welding tech-niques that minimize dilution of the weld deposit by the base metal.
 Most SFA-5.14 electrodes and rods have comparable classifica-tions in SFA-5.11. The following text gives some general descrip-tions of the electrodes and rods in this specification.
 The ERNiCr-3, ERNiCr-6, and ERNiCrFe-5 filler metals canbe used to join UNS N06600 base metal, listed in ASME MaterialSpecifications SB-163, SB-166, SB-167, SB-168, SB-366, SB-516, SB-517, and SB-564. The selection of the filler metaldepends on the particular application.
 The ERNiFeCr-1 filler metal is typically used to weld UNSN08825 base metal, listed in ASME Material Specifications SB-163, SB-366, SB-423, SB-424, SB-425, SB-704, and SB-705.ERNiFeCr-2 filler metal can be used to join UNS N07718 basemetal listed in ASTM B-637.
 The ERNiMo-2 filler metals can be used for welding nickel-molybdenum base metal (UNS N10003), listed in ASME MaterialSpecifications SB-366, SB-434, and SB-573. ERNiMo-3 fillermetal is used for welding dissimilar metal combinations of nickel-base, cobalt-base, and iron-base alloys.
 The ERNiCrWMo-1 filler metal is generally used for weldingnickel–chromium–cobalt-molybdenum alloy (UNS N06230), list-ed in ASME Material Specifications SB-366, SB-435, SB-564,SB-572, SB-619, SB-622, and SB-626.
 The ERNiCrMo-7 filler metal is intended for weldingnickel–chromium–molybdenum alloy (UNS N06455), listed inASME Material Specifications SB-366, SB-574, SB-619, SB-622,and SB-626.
 3.4.4.16 SFA-5.15: Specification for Cast Iron WeldingRods and Electrodes This specification includes the requirementfor bare electrodes and rods, covered electrodes, and flux coredelectrodes used for cast iron welding. It is one of the few specifications that include all the welding material product forms in onelocation. Bare wire is either used as a rod for OFW or as an elec-trode for GMAW, flux-cored electrodes (metal powder and fluxwithin a metal sheath) are used for flux cored arc welding(FCAW), and the covered electrodes are used for SMAW.Materials in this specification are intended for welding or weldingrepair of gray, malleable, nodular, compacted-graphite, and some
 alloy-type cast irons. Welding materials classified in this specifica-tion have limited (if any) ASME Code applications.
 3.4.4.17 SFA-5.16/SFA-5.16M: Specification for Titanium andTitanium Alloy Welding Electrodes and Rods This specificationdefines the requirements for classifying titanium and titanium alloyelectrodes and rods for GTAW, GMAW, and PAW. Titanium andtitanium alloy filler metals are classified based on their chemicalcomposition, which is determined by filler metal analysis or analysisof the stock from which the filler metal is made.
 The chemical symbol for titanium (Ti) follows the letters “ER”in the classification to identify the filler metal as titanium or a tita-nium-base alloy. The numeral portion of the designation identifiesthe chemical composition. Therefore, the classification ERTi-9 isa bare wire electrode or rod (ER) that is titanium based (Ti) andcontains a nominal alloying content of 3% aluminum and 2.5%vanadium (-9). The letters “ELI” may appear at the end of theclassification, indicating that the filler metal is produced to meetwith extra-low content of interstitial elements (i.e., carbon, oxy-gen, hydrogen, and nitrogen).
 Titanium is a reactive metal and is sensitive to embrittlement byoxygen, nitrogen, and hydrogen. A good protective atmosphere istherefore required during welding, which can be provided by highpurity inert gas shielding in air or in a chamber, or by welding in avacuum. Filler metal is usually matched to the chemical composi-tion of the base metal to which it is joined. For increased joint duc-tility, unalloyed or pure titanium filler metal may be used.
 In 2004, A 5.16 was revised to adjust interstitial chemistryranges of the titanum filler metals to ensure the required mechani-cal properties were met. This included designating a range foroxygen for all alloys instead of a maximum oxygen content.Additionally, eighteen new filler metal compositions were classified.In 2007. A 5.16 was again revised to include five new classifications.
 FIG. 3.4.6 SFA-5.17: TYPICAL SAW CARBON-STEEL FLUXCLASSIFICATION
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 ERTi-9 and ERTi-9ELi were also combined into the ERTi-9 classi-fication, because ERTi-9 is now classified with lower interstitiallimits. The lower interstitial content filler metal is required to weldgrade 9 titanium alloys.
 Titanium welding materials are assigned F-Nos. 51, 52, 53, 54, 55and 56 in QW-432 of Section IX, and titanium and titanium alloybase metals are grouped as P-Nos. 51, 52, and 53 in QW/QB-422.The ASME Material Specifications for the various grades are SB-265, SB-338, SB-348, SB-363, SB-381, SB-861, and SB-862.The text that follows describes some titanium and titanium alloyelectrodes and rods.
 The ERTi-1, ERTi-2, ERTi-3, and ERTi-4 filler metals are com-monly referred to as commercially pure (CP) titanium or unal-loyed titanium. Commercially pure Grade 2, UNS R50400 is themost widely used titanium alloy for industrial applicationsbecause of its good balance of strength, formability, and weldabil-ity. UNS R50400 base metal is grouped as P-No. 51 in QW/QB-422 and can typically be welded with these filler metals.
 The ERTi-5 filler metal has a nominal composition that includes6% aluminum and 4% vanadium (6–4 titanium). The 6–4 titaniumalloys have both high strength and excellent fatigue strength, andthey are heat-treatable as well as readily weldable. ERTi-5ELIfiller metal is the extra-low interstitial (ELI) version of ERTi-5that is used in applications requiring high fracture toughness.
 3.4.4.18 SFA-5.17/SFA-5.17M: Specifications for CarbonSteel Electrodes and Fluxes for SAW This specification containsthe requirements for carbon steel electrodes and fluxes for SAW.Both solid and composite (cored-wire) electrodes are classified. Thisspecification differs from other carbon steel electrode specificationsin that the solid and composite wires are classified by chemical com-position and by mechanical properties with a particular flux.
 The classification system for electrodes in SFA-5.17 is morecomplex than for covered electrodes because a flux actually dic-tates the classification. Figure 3.4.6 illustrates a typical carbonsteel SAW-flux classification. As with the other carbon steelcovered and low alloy steel covered electrodes in SFA-5.1, it isthe strength and chemical composition that determines most ofthe flux classification.
 A flux can be used in many classifications. The number of fluxclassifications is limited only by the number of electrode classifi-cations and the as-welded or postweld heat treated condition. Thecontainer of flux must list at least one classification, although itmay list all the classifications that the flux will meet. For example,the F7A2-EM12K flux classification may also meet the require-ments for F6P4-EM12K, F7A2-EM13K, and F7A4-EH12K.
 When carbon steels with the available flux combinations arewelded, both the chemical composition and mechanical propertiesshould be considered. Flux is manufactured by different methodsto produce granular forms of fusible mineral compounds. Fluxescan be described as neutral, active, or alloy—characteristics thatcan influence weld metal chemistry and properties differently.
 Neutral fluxes do not produce any significant change in theweld metal chemical composition with large changes in the arcvoltage. Neutral fluxes are used primarily for multipass weldingon thicker base metals (>1 in.). Little or no deoxidizers are pro-vided by neutral fluxes; therefore, the welding electrode must pro-vide the deoxidization. If insufficient deoxidation occurs, weldsmade on rusty or heavily oxidized steel with these fluxes are sus-ceptible to porosity and centerline cracking. Although it is com-monly referred to as neutral, the weld deposit will not necessarilybe the same as the electrode composition; some slight changes
 should be expected. The Wall neutrality number (N) can be usedas a measure of the flux neutrality. A flux classification with an Nof 35 or less is considered a neutral flux.
 Active fluxes contain small amounts of manganese or silicon asdeoxidizers to provide improved resistance to porosity and weldcracking. The primary use for active fluxes is for single-passwelds on rusty or oxidized carbon steel. Since both manganeseand silicon can be combined in the flux, these elements tend tobuild up in the weld deposit during multipass welding. As themanganese or silicon content increases, the strength and hardnessof the weld metal increase, but the toughness decreases.
 Alloy fluxes are used with carbon steel electrodes to deposit alloysteel weld metal. Because alloying is added, these types of fluxes aremore applicable to low alloy steel welding, not carbon steels.
 Crushed slags that are produced by crushing the slag formedduring SAW may also be used as flux. Chemical reactions, elec-trode influences, and base metal dilution during welding affect thechemical composition of the crushed flux. If crushed slag is usedas flux, or if it is mixed with new flux to form a blended flux, theletter “S” must appear in the flux classification. For example, theclassification F7A2-EM12K would change to FS7A2-EM12K toindicate used flux.
 3.4.4.19 SFA-5.18/SFA-5.18M: Specification for CarbonSteel Electrodes and Rods for Gas Shielded Arc Welding Thisspecification covers carbon steel welding electrodes and rods forGMAW, GTAW, and PAW. The filler metal can be compositestranded or composite metal cored, or it can be produced as a solidwire or a rod. Electrodes and rods in this specification are classi-fied based on their chemical composition and mechanical proper-ties. Chemical analysis of the solid or product form is acceptablefor classifying the bare wire; however, the weld deposit must beanalyzed to classify the composite stranded electrodes and com-posite metal cored electrodes. Mechanical properties are deter-mined for all classifications from the weld metal deposit.
 The method for identifying welding materials in this specificationis similar to that of other specifications except for designators forsolid versus composite electrodes. The letter “E” designates a com-posite electrode; the letters “ER,” a bare wire electrode or rod. Onlythe number “70” is used in the classification to designate a minimumtensile strength of 70 ksi (70,000 psi). The letter following this num-ber is either “S” for solid wire or “C” for composite wire, and thenumber (-2, -3, etc.) that follows the letter indicates the chemicalcomposition. Two common electrode classifications are ER70S-2and ER70S-3. In addition, some composite-stranded and metal-cored
 FIG. 3.4.7 SFA-5.20: TYPICAL FCAW CARBON STEELELECTRODE CLASSIFICATION
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 electrodes have either a letter “M” or “C” following the number toindicate the shielding gas used for the classification.
 Although these filler metal classifications can be used withGTAW and PAW, it is GMAW that accounts for most of the usagefor welding carbon steels. It can be defined by four modes ofmetal transfer: spray arc, pulsed arc, globular arc, and short cir-cuiting arc. The advantages and disadvantages of each mode mustbe weighed when the GMAW process is selected for an applica-tion. All electrodes classified in this specification can be used oncarbon steels, such as ASME SA-36 and SA-285, Grade C; SA-515, Grade 55; and SA-516, Grade 70, all of which are groupedas P-No. 1 in QW/QB-422 of Section IX.
 3.4.4.20 SFA-5.20/SFA-5.20M: Specification for CarbonSteel Electrodes for FCAW This specification contains therequirements for classifying carbon steel electrodes for FCAW. Aflux cored electrode is fabricated by forming steel strips aroundgranular core ingredients of flux and alloying elements. Electrodescovered by this specification are classified according to the as-welded mechanical properties, usability characteristics with a par-ticular shielding gas, and the positional usability. Depending on theclassification, the electrodes may be suitable for welding eitherwith or without gas shielding.
 The first designator of flux cored electrode classifications is theletter “E” to denote an electrode. Next is a number (either “6” or“7”) to designate a minimum required tensile strength of 60 or 70ksi. A position-usability number (either “0” or “1”) follows the ten-sile strength number; a “0” indicates that the electrode is intendedfor the flat or horizontal position, whereas a “1” indicates all posi-tions. All flux cored electrodes contain the letter “T” before thehyphen to denote that they are flux cored. The remaining designators(numbers “1”– “14” or the letter “G” with or without “S”) follow-ing the hyphen denote electrode usability. A letter “J” that followsthe usability number denotes that the electrode meets the require-ments for improved toughness. Optional designators may also beadded for diffusible hydrogen (e.g., H4, H8, or H16). Figure 3.4.7illustrates a typical carbon steel FCAW electrode classification.
 All of the electrodes classified in this specification can be usedfor welding carbon steels grouped as P-No. 1 in QW/QB-422 ofSection IX, such as ASME SA-36 and SA-285, Grade C; SA-515,Grade 55; and SA-516, Grade 70. Each electrode has some differ-ences in the core ingredients to make the chemistry and usabilitysuitable for each particular application and base metal.
 3.4.4.21 SFA-5.21: Specification for Bare Electrodes and Rodsfor Surfacing This specification contains the requirements for bareelectrodes and rods used for surfacing. Included are bare wires instraight lengths and covered composite rods for OFW, GTAW, andatomic-hydrogen welding (AHW). This specification also includeswelding electrodes for SMAW. Composite electrodes or rods areclassified based on the chemical composition of their undiluted welddeposit. One exception, how ever, is that the tungsten-carbide rod orelectrode is classified based on the carbon steel tube and the tungsten-carbide gran ules—that is, the mesh size and distribution of the gran-ules with in the carbon-steel tube. The primary use for most of thewelding materials in this specification is in hard-facing or surfacingappli cations for abrasion, wear, or galling resistance, with impactresist ance varying from light to heavy.
 3.4.4.22 SFA-5.22: Specification for Stainless SteelElectrodes for FCAW and Stainless Steel Flux Cored Rods forGTAW This specification contains the requirements for stainless
 steel electrodes for FCAW and flux cored rods for GTAW.Classifications are similar to those found in SFA-5.4 and SFA-5.9.Electrodes and rods produced to this specification are commonlyused to weld materials grouped as P-No. 8 in QW/QB-422 ofSection IX. Flux cored welding rods are also included for weldingthe root pass in stainless steel piping using GTAW without a purgeor backing gas.
 As with the stainless steel filler metals classified in SFA-5.4and SFA-5.9, this classification is based primarily on chemicalcomposition. Although tensile testing is required to classify theelectrode, the classification does not include a minimum tensilestrength designators. As an example, the classification E308LT1-1is defined as an electrode (E) of type 308L chemical composition(308L), with a flux core (T), for all position (1) welding and clas-sified with CO2 (-1) gas shielding.
 Chemical composition is determined by chemical analysis ofundiluted weld deposit. These stainless steel electrodes fall withinthe A-Nos. 6–9 composition ranges in QW-442 of Section IX forwelding procedure qualification. All flux cored electrodes in thisspecification are designated F-No. 6 in QW-432 for welding pro-cedure and performance qualification.
 Ferrite in the weld deposit is an important factor when weldingis done with stainless steel flux cored electrodes, just as it is forother types of stainless steel welding materials. Ferrite in the welddeposit reduces the tendency for hot-cracking and also strength-ens the final weld. Although ferrite is not present in all classifica-tions in this specification, it is especially beneficial when highlyrestrained joints or heavy sections are welded. Some slight ferritevariations in the deposit can be expected when the same fluxcored electrode is used with different shielding gases.
 Ferrite determination is not required to classify electrodes inthis specification. However, the purchaser may impose ferrite con-trols when ordering electrodes to ensure sound welds for theselected welding procedure and application. As explained in thediscussion of SFA-5.4, ferrite can be determined by chemicalanalysis of the undiluted weld deposit or it can be measured withvarious magnetic instruments.
 Varieties of stainless steel flux cored electrodes are classified inthis specification for welding the different types of stainless steelbase metals available for ASME Code fabrication. Discussed inthe following text are the various groups of flux cored electrodes.
 3.4.4.22.1 Austenitic Stainless Steel Flux Cored ElectrodesThe E308TX-X flux cored electrodes are used extensively forwelding the Type 304 series stainless steels. Type 304 (UNSS30400) or Type 304L (UNS S30403) stainless steels can be weld-ed with either E308TX-X or E308LTX-X, respectively. These twoP-No. 8 base metals are listed in ASME Material SpecificationsSA-182, SA-213, SA-240, SA-249, SA-312, SA-336, SA-358,SA-376, SA-403, SA-409, SA-430, SA-479, SA-666, SA-688,SA-813, andSA-814. The “L” grades are generally selected forimproved corrosion resistance because the maximum 0.04% car-bon content of weld metal reduces the possibility of intergranularcarbide precipitation.
 The E309TX-X flux cored electrodes contains more chromiumand nickel than the Type 308 series. Flux cored electrodes in thisgroup are used to weld base metals of similar compositions, suchas UNS S30900, S30908, S30909, S30940, and S30941. Basemetals of these compositions are generally listed in the sameASME Material Specifications as UNS S30400. Both E309TX-Xand E309LTX-X are commonly used for applying the first layerof stainless steel corrosion-resistant overly; E308TX-X or
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 E308LTX-X are typically deposited with the remaining layers.Because of their richer chemical composition, electrodes in thisgroup are also well-suited for joining dissimilar metals, such asType 304 stainless steel, to carbon or low-alloy steel.
 The E310TX-X flux cored electrodes are used to weld high-alloy heat and corrosion resistant stainless steels of similar com-position, such as UNS S31000. These base metals are listed inASME Material Specifications SA-182, SA-336, and SA-403.Welds deposited by E310TX-X are fully austenitic.
 The E312TX-X flux cored electrodes are high in chromium; theresulting weld deposit is high in ferrite. These electrodes are goodchoices for dissimilar metal welding because the welds are highlyresistant to weld metal cracking.
 The EX316TX-X flux cored electrodes are generally used forwelding base metals of like designations, such as 316 and 316L.Molybdenum strengthens these stainless steels and provides creepresistance at elevated temperatures. Type 316 base metals are typ-ically listed in the same ASME Material Specifications as UNSS30400. E317LTX-X flux cored electrodes deposit weld metalwith a slightly higher alloy content than type EX316 for improvedresistance to crevice and pitting corrosion.
 The E347TX-X flux cored electrodes have columbium added asa stabilizer. Type 347 stainless steels are known as the stabilizedgrades. Columbium reduces the possibility of intergranular chromi-um carbide precipitation for increased intergranular corrosionresistance. If tantalum is present, it provides similar results.
 These electrodes are usually used for welding stainless steels ofsimilar composition that have been stabilized with columbium ortitanium, such as Type 347 stainless steel (UNS S34700). Type347, P-No. 8 base metal is listed in the same ASME MaterialSpecifications as UNS S30400.
 3.4.4.22.2 Ferritic Stainless Steel Flux Cored Electrodes TheE409TX-X flux-cored electrodes produce ferritic stainless steelweld deposits and are typically used for joining 12% chromiumalloys. E430TX-X flux cored electrodes are also ferritic and areused for similar applications. Welding ferritic stainless steels usu-ally requires both preheat and postweld heat treatment to obtainoptimum mechanical properties and corrosion resistance. P-No. 7base metal Types 405 (UNS S40500) and 430 (UNS S43000), listedin ASME Material Specifications SA-240, SA-268, and SA-479,can be welded with these filler metals.
 3.4.4.22.3 Martensitic Stainless Steel Flux CoredElectrodes The E410TX-X flux cored electrodes deposit a 12%chromium (12Cr) martensitic alloy-weld metal. Both preheatand postweld heat treatment are generally recommended. Theycan be used to weld alloys such as UNS S41000 or S41008, list-ed in ASME Material Specifications SA-240, SA-268, and SA-479. E410NiMoTX-X is modified to contain less chromium andmore nickel than EX410TX-X. It is used for welding castingssuch as Type CA6NM, listed in ASME Material SpecificationSA-487. E410NiTiTX-X is modified to contain less chromiumbut more nickel than EX410TX-X and contains added titaniumas a stabilizer.
 3.4.4.22.4 Precipitation-Hardening Stainless Steel FluxCored Electrodes The E630 flux cored electrodes are designed forwelding Type 630 (UNS S17400) precipitation-hardening stainlessand similar steel. The final weldment may be used as-welded, orwelded and precipitation-hardened, or welded, solution-treated,and precipitation-hardened (depending on the application).
 Precipitation-hardening stainless steel materials are not listed inQW/QB-422 of Section IX.
 3.4.4.22.5 Duplex Stainless Steel Flux Cored Electrodes TheE2209TX-X and E2553TX-X flux cored electrodes deposit duplexstainless steel weld metal that has an austenitic–ferritic (duplex)microstructure. E2209TX-X is used primarily to weld duplexstainless steels such as UNS S31803, listed in ASME MaterialSpecification SA-240. E2553TX-X is used primarily to weldduplex stainless steels containing approximately 25% chromium.
 3.4.4.22.6 Flux Cored Rods for GTAW The flux cored rods forGTAW are designed to complete the root pass on a stainless steelpipe weld without a purge or backing gas. The four rod classifica-tions are R308LT1-5, R309LT1-5, R316LT1-5, and R347LT1-5.These rods are typically used for welding the root pass of basemetals with corresponding compositions.
 3.4.4.23 SFA-5.23/SFA-5.23M: Specification for Low-AlloySteel Electrodes and Fluxes for SAW This specification containsthe requirements for low-alloy steel electrodes and fluxes for SAW.Both solid and composite (cored-wire) electrodes can be classifiedin SFA-5.23. This specification is similar to other low-alloy steelelectrode specifications except that the solid and composite wiresare classified by chemical composition and by mechanical proper-ties with a particular flux.
 The classification system for electrodes follows the same pat-tern as that used in SFA-5.17 for carbon steel SAW electrodes andfluxes. The main difference is that the chemical composition ofthe weld metal from the wire and flux combination is at the end ofthe classification. Strength and chemical composition determinemost of the lengthy flux classification. If impact or hydrogentesting is to be part of the classification, additional designators are added. An example of a low-alloy flux classification—F8A4-ENi4-Ni4—shows that the classification has three distinctparts: The first, F8A4, indicates the mechanical properties; thesecond, ENi4, indicates the wire or electrode chemical composi-tion; and the third, Ni4, indicates the weld deposit chemical com-position. In the first part, the letter “F” stands for flux, the number“8” designates 80 ksi minimum tensile strength, the letter “A”indicates the as-welded condition, and the number “4” indicates aminimum impact energy of 20 ft lb at–40°F.
 The second part of the flux classification is a definitive explana-tion of the chemical composition of the bare electrode. Solid orbare electrodes are classified based on their chemical composi-tion. However, composite electrodes (EC) must be used with aparticular flux to deposit an undiluted weld pad to determine thechemical composition. In the example, the electrode designation“ENi4” has the letter “E” to denote electrode as well as the let-ter–number combination “Ni4” for an Ni–Mo electrode chemicalcomposition. The final designator of “–Ni4” indicates the welddeposit will also be of Ni–Mo chemical composition. It is readilyevident for most low-alloy flux classifications that a redundancyexists between the electrode chemical composition and the weld-deposit chemical composition.
 A flux can be used in many classifications. The number of fluxclassifications is limited only by the number of electrode classifica-tions and the as-welded or postweld heat treatment condition. Theflux container must list one classification, although it may list allclassifications that the flux will meet. For example, the flux used forthe flux classification F7A2-EA2-A2 can also be used to producethe flux classifications F8A4-ENi4-Ni4 or F10P2-ECF2-F2.
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 When low-alloy steels are welded with the available flux com-binations, both the chemical composition and the mechanicalproperties should be considered. As discussed in the summary ofSFA-5.17, SAW flux can be described as neutral, active, or alloy.The main difference between low-alloy steel welding and carbonsteel welding is that more alloying elements must be provided bythe electrode when a neutral flux is used. In addition, an alloy fluxcan be used to obtain the desired weld deposit chemical composi-tion, in which case the Flux Manufacturer’s recommendationsshould be followed; changes in the SAW-welding parameters cangreatly influence the deposit chemistry.
 The large variety of low-alloy steels requires a selection ofwelding materials wider than that of carbon steels. In choosing anelectrode for low-alloy steel SAW, it is important to consider thealloying elements required to meet the intended properties.Usually an electrode is selected to closely match the compositionof the base metal. However, mechanical properties, such asimpacts and tensile strength with or without postweld heat treat-ment, also need to be considered. Additionally, as with carbonsteel welding electrodes, the manganese and silicon contents areimportant in determining the requirements for single-pass or mul-tipass welds. A certain minimum manganese content is requiredto avoid longitudinal centerline cracking, depending on the weld-ing conditions. Silicon is especially useful as a deoxidizer toreduce porosity in the weld deposit and to provide good wetting.The following text discusses the electrode chemical compositionsand some specific electrode applications.
 The EA1, EA2, EA3, EA3K, and EA4 (C–Mo steel) electrodesare similar to many carbon steel electrodes classified as SFA-5.17except that % molybdenum is added. ASME MaterialSpecification SA-204, Grade A plate (UNS K11820) and SA-335,Type P-1 pipe (UNS K11522) are typically welded with theseelectrodes. These base metals are grouped as P-No. 3 in QW/QB-422 of Section IX.
 The EB2, EB2H, EB3, EB5, EB6, EB6H, EB8, and EB9(Cr–Mo steel) electrodes produce deposits of 2 %–9% chromi-um and %–1% molybdenum. They are typically used forSection I high-temperature service power boiler applications.Cr–Mo welding generally requires both preheat and postweldheat treatment. Base metals that can be welded with these elec-trodes are grouped as P-Nos. 4, 5A, 5B, and 5C in QW/QB-422of Section IX.
 The EB9 (9Cr–1Mo–V) is a 9% chromium–1% molybdenumelectrode that is modified with columbium and vanadium to provideimproved creep strength, toughness, fatigue life, oxidation, andcorrosion resistance at elevated temperatures. Base metals of thiscomposition have replaced components made with dissimilar met-als of steel and stainless steel. The 9Cr–1Mo–V (UNS K91560)steels are listed as P-No. 5B in QW/QB-422 of Section IX; in theASME Material Specifications, they are listed as SA-182, SA-199,SA-213, SA-234, SA-335, SA-336, SA-369, and SA-387.
 The ENi, ENi1K, ENi2, and ENi3 (Ni steel) electrodes are pro-duced to have nickel contents with five nominal levels of 1, 2 and3 % nickel. A typical nickel steel is UNS K32018, listed inASME Material Specification SA-203 and in QW/QB-422 ofSection IX as P-No. 9B, Group 1. Other nickel steels are UNSJ31550, listed in ASME Material Specification SA-352 (P-No.9B, Group 1), and UNS J41500, in SA-352 (P-No. 9C, Grade 1).
 The ENi4, ENi5, EF1, EF2, and EF3 (Ni–Mo steel) electrodescontain %–2% nickel and %– % molybdenum. Typical appli-cations include the welding of high-strength, low-alloy, or micro-alloyed structural steels. EF4, EF5, and EF6 (Cr–Ni–Mo steel)
 12
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 12
 12
 12
 12
 12
 12
 electrodes are used in similar applications. Both groups have goodcombinations of strength and toughness. Base metals that can bewelded with these electrodes are grouped as P-No. 11 in QW/QB-422 of Section IX.
 The EM2, EM3, and EM4 (high-strength, low-alloy steel) elec-trodes may contain a combination of chromium, nickel, molybde-num, titanium, zirconium, and aluminum to produce high strengthdeposits. They are typically used to weld high yield strengthsteels not subject to postweld heat treatment.
 The EW (weathering steel) electrodes deposit welds that matchthe corrosion resistance and coloring of the ASTM weatheringtype structural steels, such as ASTM A242 and A588. As withother specifications, an EG classification also exists for classify-ing electrodes to meet specific purchaser or supplier requirements.
 3.4.4.24 SFA-5.24/SFA-5.24M: Specification for Zirconiumand Zirconium Alloy Welding Electrodes and Rods This speci-fication defines the requirements for classifying zirconium and zir-conium-alloy electrodes and rods for GTAW, GMAW, and PAW.Zirconium and zirconium alloy filler metals are classified based onchemical composition, which is determined by chemical analysisof the filler metal or the stock from which the filler metal is made.Either columbium or tin is added as an alloying element to producethe zirconium alloys.
 Because the filler metals are used as both electrodes in GMAWand rods in GTAW and PAW, the classification starts with the twoletters, “ER.” The chemical symbol for zirconium, “Zr,” followsthe letters to identify the filler metal as zirconium and zirconiumbase alloy. The numeral portion of the designation identifies thechemical composition. Therefore, the classification ERZr3 is abare wire electrode or rod (ER) that is zirconium based (Zr) andcontains 1%–2% tin (3) as the nominal alloying content.
 Zirconium, like titanium, is a reactive metal; as such, it is sensi-tive to embrittlement by oxygen, nitrogen, and hydrogen.Therefore, a good protective atmosphere is required during weld-ing, which can be provided by high-purity-inert-gas shielding inair or in a chamber or provided by welding in a vacuum. Fillermetals are grouped as F-No. 61 in QW-432 of Section IX and areusually matched to the chemical composition of the base metalbeing joined. Zirconium can also be welded to dissimilar metalsof titanium, tantalum, columbium, and vanadium. Zirconium andzirconium alloys are grouped as P-Nos. 61 and 62 in QW/QB-422of Section IX. Two grades of zirconium, UNS R60702 (P-No. 61)and R60705 (P-No. 62), are listed in ASME MaterialSpecifications SB-493, SB-523, SB-550, SB-551, and SB-658.
 Only three electrodes or rods exist in the zirconium and zirco-nium-alloy group. ERZr2 filler metal is a commercially purezirconium that deposits a weld metal with good strength and duc-tility. These electrodes can be used to weld all zirconium alloys.ERZr3 filler metal has 1%–2% tin as an alloying element and can be used to weld UNS R60704. ERZr4 filler metal containscolumbium as an alloying element and is typically used to weldUNS R60705.
 3.4.4.25 SFA-5.25/SFA-5.25M: Specification for Carbon andLow-Alloy Steel Electrodes and Fluxes for Electroslag Welding(ESW) The AWS definition of ESW is as follows:
 A welding process producing coalescence of metals withmolten slag which melts the filler metal and the surfaces ofthe work to be welded. The molten weld pool is shielded bythis slag which moves along the full cross section of the joint
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 as welding progresses. The process is initiated by an arcwhich heats the slag. The arc is then extinguished and theconductive slag is maintained in a molten condition by itsresistance to electric current passing between the electrodeand the work.
 SFA-5.25 includes all welding materials necessary for ESW onvarious types of carbon and low-alloy steels. Included are therequirements for the classification of both solid and compositemetal–cored electrodes and fluxes.
 The classification for ESW electrodes, like others, starts withthe letter “E” for electrode. The remainder of the designation issimilar to that of SAW materials. For example, FES60-EH14-EWis a typical flux classification for an ESW. The prefix “FES” indi-cates an electroslag flux, the number “60” designates 60 ksi mini-mum tensile strength, and the designation “EH 14” is a definitiveexplanation of the chemical composition of the bare electrode.The classification ends with the letters “-EW,” which indicatessolid wire. Solid or bare electrodes are classified based on theirchemical composition. Composite electrodes must be used with aparticular flux to deposit an undiluted weld pad for the determina-tion of chemical composition.
 A ESW flux can be used in many classifications. Unlike SAWfluxes, these fluxes are conductive and are specific to ESW. Thenumber of ESW flux classifications is limited only by the numberof electrode classifications.
 SFA-5.25 contains carbon steel ESW classifications EM5K-EW,EM12-EW, EM12K-EW, EM13K-EW, and EM15K-EW. The highmanganese and low-alloy electrodes are EH14-EW, EWS-EW,EA3K-EW, EH10K-EW, and EH11K-EW. ES-G-EW is a generalflux classification. The requirements for these electrodes are usual-ly those to which both the purchaser and the supplier agree.
 3.4.4.26 SFA-5.26/SFA-5.26M: Specification for Carbon andLow-Alloy Steel Electrodes for Electrogas Welding (EGW) TheAWS definition of EGW is as follows:
 An arc welding process which produces coalescence of met-als by heating them with an arc between a continuous fillermetal (consumable) electrode and the work. Molding sheetsare used to confine the molten weld metal for vertical positionwelding. The electrodes may be either flux cored or solid.Shielding for use with solid electrodes is obtained from a gasor gas mixture. Shielding for use with flux cored electrodesmay or may not be obtained from an externally supplied gasor mixture.
 SFA-5.26 specifies the requirements for EGW electrodes forcarbon and low-alloy steels. Included are the classifications ofsolid wire, flux cored, and metal cored electrodes. Flux coredelectrodes are classified as either gas-shielded or self-shielding.
 Electrogas electrodes in this specification are classified basedon their chemical composition and mechanical properties.Chemical analysis of the solid or product form is acceptable forclassifying the bare wire; however, the weld metal deposit mustbe analyzed to classify the metal cored or flux cored electrodes.The mechanical properties are determined for all classificationsfrom a weld metal deposit.
 The classification starts with the letters “EG” to designate anelectrogas electrode. A number (6, 7, or 8) follows that designatesa minimum tensile strength of 60, 70, or 80 ksi. The next numberor letter designates the impact properties; this is followed by theletter “T” or “S” to indicate a solid (S) or composite (T) electrode.The classification has a numerical ending that indicates the chem-ical composition. Therefore, the classification EG72S-6 is anelectrogas electrode (EG) with a minimum tensile strength of 70ksi (7) that meets the impact requirement of 20 ft lb at–20°F (2)and constitutes a solid electrode (S) and a carbon steel with highmanganese content (-6). Electrodes can be also classified asEGXXS-G, which is a general classification that meets therequirements to which both the purchaser and the supplier agree.The electrodes in this specification are similar to the classifica-tions for GMAW carbon steel electrodes in SFA-5.18.
 3.4.4.27 SFA-5.28/SFA-5.28M: Specification for Low-AlloySteel Electrodes and Rods for Gas Shielded Arc Welding Thisspecification covers low-alloy steel electrodes and rods forGMAW, GTAW, or PAW. The filler metal can be produced as solidwire, rod composite stranded, or composite metal cored.Electrodes produced to this specification are commonly used toweld low-alloy steels grouped in P-Nos.1, 3, 5, 9, 10, and 11 inSection IX.
 Electrodes and rods in this specification are classified based ontheir chemical composition and mechanical properties. Chemicalanalysis of the solid or product form is acceptable for classifyingthe bare wire; however, the weld deposit must be analyzed to clas-sify the composite stranded electrodes and composite metal coredelectrodes. Mechanical properties are determined for all classifi-cations from a weld metal deposit.
 The method for identifying welding materials in this specifi-cation is similar to that of SFA-5.18. The main difference is thatthe low-alloy classification ends with number or letter combina-tions (e.g., -D2 and -Ni2) to indicate the chemical composition.Figure 3.4.8 illustrates a typical filler metal classification oflow-alloy steel.
 Although these filler metal classifications can be used withGTAW and PAW, it is GMAW that accounts for most of theusage for welding low-alloy steels. GMAW can be defined byfour modes of metal transfer: spray arc, pulsed arc, globulararc, and short circuiting arc transfer. Each mode has bothadvantages and disadvantages that must be considered when oneselects the GMAW process for an application. SFA-5.28 con-tains many low-alloy steel electrodes of varying chemical com-position and mechanical properties. From these classifications,electrodes can be selected for the appropriate welding processand procedure to deposit weld metal that closely matches thechemical composition and the mechanical properties of the basemetal. The following text gives brief descriptions of low-alloysteel electrodes and rods.
 FIG. 3.4.8 SFA-5.28: TYPICAL GMAW LOW-ALLOY STEELELECTRODE CLASSIFICATION
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 3.4.4.27.1 Carbon–Molybdenum (C–Mo) Steel ElectrodesThe ER70S-A1, ER80S-D2, ER90S-D2, and E90C-D2 are classi-fications for carbon steel electrodes with the addition of approxi-mately % molybdenum for increased strength, especially at ele-vated temperatures. Electrodes with the “-D2” designator containadditional deoxidizers for welding with CO2. ASME MaterialSpecification SA-204, Grade A plate (UNS K1 1820) and SA-335,Type P-1 pipe (UNS K1 1522) are typically welded with theseelectrodes. These base metals are grouped as P-No. 3 in QW/QB-422 of Section IX.
 3.4.4.27.2 Chromium–Molybdenum (Cr–Mo) Steel Elect-rodes The ER80S-B2, E80C-B2, ER70S-B2L, E70C-B2L,ER90S-B3, E90C-B3, ER80S-B3L and E80C-B3L electrodes produce deposits of %–2 % chromium and %–1% molybdenum.These electrodes are typically used for Section I power boilers thatare designed for high temperature service. Welding with Cr–Moelectrodes generally requires both preheat and postweld heat treatment. Base metals that can be welded with these electrodes aregrouped as P-Nos. 4 and 5A in QW/QB-422 of Section IX.
 The ER80S-B6 electrodes have a nominal 5% chromium and %molybdenum chemical composition and are typically used forwelding Cr–Mo steels, such as the base metals grouped in P-No.5B, Group 1 in QW/QB-422 of Section IX. UNS K41545 is5Cr– Mo steel and is listed in SA-182, SA-213, SA-234, SA-335,SA-336, SA-369, and SA-691. Welding with these Cr–Moelectrodes generally requires both preheat and postweld heattreatment.
 The ER80S-B8 electrodes have a nominal 9% chromium and1% molybdenum chemical composition. They are used for weld-ing Cr–Mo steels such as the base metals grouped in P-No. 5B,Group 1 in QW/QB-422 of Section IX. UNS K81590 is a 9Cr-1Mo steel listed in ASME Material Specifications SA-199,SA-213, SA-335, and SA-336. Another similar base metal is UNSK90941, listed in ASME Material Specifications SA-182, SA-234, and SA-369. Welding with these Cr-Mo electrodes generallyrequires both preheat and postweld heat treatment.
 The ER90S-B9 (9Cr–1Mo–V) electrodes have 9% chromiumand 1% molybdenum and are modified with columbium and vana-dium to provide improved creep strength, toughness, fatigue life,oxidation resistance, and corrosion resistance at elevated tempera-tures. Base metals with this composition have replaced many com-
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 ponents previously designed with dissimilar metal combinations ofsteel and stainless steel. The 9Cr–1Mo–V (UNS K91560) steelsare listed as P-No. 5B, Group 2 in QW/QB-422 of Section IX. Inthe ASME Material Specifications, they are listed as SA-182, SA-199, SA-213, SA-234, SA-335, SA-336, SA-369, and SA-387.
 3.4.4.27.3 Nickel Steel Electrodes The ER80S-Ni1, E80C-Ni1,ER80S-Ni2, E80C-Ni2, ER80S-Ni3, and E80C-Ni3 electrodeshave nickel contents with three nominal levels of 1, 2 , and 3 %.They are intended for applications that require good notch tough-ness at low temperatures.
 The ER100S-1, ER110S-1, and ER120S-1 electrodes aredesigned to weld the high yield strength base metals. Welds madewith these electrodes have excellent toughness at low temperatures.
 3.4.4.28 SFA-5.29/SFA-5.29M: Specification for Low-AlloySteel Electrodes for FCAW This specification contains the require-ments for classifying low-alloy steel electrodes for FCAW. Fluxcored electrodes are fabricated by forming steel strips around granu-lar core ingredients of flux and alloying elements. Classification isbased on the as-welded or postweld heat treatment mechanical prop-erties, usability characteristics with a specific shielding gas, the posi-tional usability, and the weld metal chemical composition.Depending on the classification, the electrodes may be suitable forwelding either with or without gas shielding. Flux cored electrodesproduced to this specification are commonly used to weld low-alloysteels grouped in P-Nos. 1, 3, 5,9, 10, and 11 in Section IX.
 Classifications of low-alloy steel flux cored electrodes follow aformat similar to that used for carbon steel electrodes in SFA-5.20except that the classification ends with the chemical compositionof the weld deposit. Figure 3.4.9 illustrates a typical low-alloysteel flux cored electrode classification. Another example—E91T1-K2—can be described as an electrode (E) that meets aminimum of 90 ksi tensile strength (9), is usable in all positions(1), is flux cored (T), has certain core characteristics and usability(1), and is of a nickel steel (-K2) chemical composition. The fol-lowing text gives brief descriptions of the low-alloy steel fluxcored electrodes.
 3.4.4.28.1 Carbon–Molybdenum (C–Mo) Steel ElectrodesThe EXXTX-A1 flux cored electrodes are carbon steel electrodeswith the addition of % molybdenum for increased strength, espe-cially at elevated temperatures. ASME Material Specification SA-204, Grade A plate (UNS K11820) and SA-335, Type P-1 pipe(UNS K11522) are typically welded with these electrodes. Thesebase metals are grouped as P-No. 3 in QW/QB-422 of Section IX.
 3.4.4.28.2 Chromium–Molybdenum (Cr–Mo) Steel ElectrodesThe EXXTX-BX, EXXTX-BXL, and EXXT-BXH flux coredelectrodes produce deposits of %–9% chromium and %–1%molybdenum. These electrodes are typically used for Section Ipower boiler applications that are designed for high temperatureservice. FCAW with Cr–Mo electrodes generally requires both pre-heat and postweld heat treatment. Base metals that can be weldedwith these electrodes are grouped as P-Nos. 4, 5A, 5B, and 5C inQW/QB-422 of Section IX.
 3.4.4.28.3 Manganese–Molybdenum (Mn – Mo) SteelElectrodes The EXXTX-DX flux cored electrodes deposit weldswith a nominal l % manganese and %– % molybdenum. Theseelectrodes are designed to match the mechanical properties andcorrosion resistance of low-alloy steels, such as ASME MaterialSpecification SA302, Grade B.
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 FIG. 3.4.9 SFA-5.29: TYPICAL FCAW LOW-ALLOY STEELELECTRODE CLASSIFICATION
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 3.4.4.28.4 Nickel–Molybdenum (Ni–Mo) Steel ElectrodesThe EXXTX-K1 flux cored electrodes contain approximately 1%nickel and % molybdenum. Typical applications include the weld-ing of high strength, low-alloy, or microalloyed structural steels.
 3.4.4.28.5 Nickel Steel Electrodes The EXXTX-NiX andEXXTX-K7 flux cored electrodes are produced to have nickel con-tents with three nominal levels of 1, 2 , and 3 %. Welds depositedby these electrodes have good notch toughness at low tempera-tures. Base metals of these nominal compositions are listed inASME Material Specifications SA-203, SA-352 (LC2 and LC3),and SA-350. Section IX, QW/QB-422 groups these materials in P-No. 9A and 9B. EXXTX-K8 is also a nickel containing steelalloy that is designed for welding API 5LX80 pipe that is groupedas S-No 1, Grade 4 in QW/QB-422 of Section IX.
 3.4.4.28.6 Other Low-Alloy Steel Electrodes The EXXTX-K2, EXXTX-K3, EXXTX-K4, and EXXTX-K9 flux cored elec-trodes are designed for welding high yield strength base metal.Welds made with these electrodes have excellent toughness at lowtemperatures.
 The EXXTX-K5, EXXTX-K6, EXXTX-WX, and EXXT-Gflux cored electrodes are designed for specific applications.EXXTX-K5 is designed to match mechanical properties for AISI4130 and 8630 steel. Welds in these materials are generallyquenched and tempered after welding. EXXTX-K6 produceswelds having high toughness and lower strength. EXXTX-WXflux cored electrodes are designed to deposit weld metal thatmatches the corrosion resistance and coloring of the weatheringtype structural steels, such as ASTM A242 and A588. EXXT-G isa general classification for low-alloy steel flux cored electrodes.The requirements for these electrodes are usually those to whichboth the purchaser and the supplier agree.
 3.4.4.29 SFA-5.30: Specification for Consumable InsertsConsumable inserts are included in this specification based ondesign and chemical composition. Standard shapes, styles, andsizes are specified for use on the root pass when welding is donewith GTAW or PAW. Chemical compositions include carbon steel,chromium-molybdenum steel, stainless steel, and nickel alloys.The type and style of insert is based on the particular applicationsor joint design selected during fabrication.
 When consumable inserts for pipe welding are ordered, alldetails describing the insert must be specified, including the pipesize and schedule to be welded. A typical consumable insertordering description could be as follows: IN82 consumableinsert—Class 1, Style C—for 2 NPS Schedule 80 pipe. Thisorder designates a nickel-base (IN82) insert with an inverted T-shaped cross section (Class 1) and is a preformed ring for anopen butt joint (Style C) that will be used on a 2 in. diameter pipewith a nominal 0.276 in. wall.
 3.4.4.30 SFA-5.31: Specification for Fluxes for Brazing andBraze Welding Fluxes are classified in this specification for usewith the brazing or braze welding processes. Flux classification isbased on the flux form, the applicable filler metal, and the activitytemperature range. These fluxes are typically used with the braz-ing materials classified in SFA-5.8. Brazing fluxes are mixtures ofchemical compounds that provide cleaning action and protectionto the base metals during brazing or braze welding. Numerousclassifications of brazing flux exist, each having a par ticular appli-cation for which it is recommended. For example, the flux FB3-Ais a general-purpose flux in the paste form. The letters “FB” indi-
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 cate a flux for brazing or braze welding, the number “3” indicatesthe base metal group, and the letter “-A” that follows indicatesform and composition. The paste is usually applied to the joint,such as the pipe lap joint, by brushing. Generally, FB3-A is usedwith BCuP or BAg brazing-filler metals on a variety of base met-als and base metal combinations.
 3.4.4.31 SFA-5.32/SFA-5.32M: Specification for WeldingShielding Gas Gases classified in this specification are for usewith the gas shielded welding processes, including GTAW, PAW,GMAW, FCAW, and EGW. Gases can be either liquid or gaseous.The gas classification starts with “SG” to denote a shielding gas;then it is followed by one or more letters to indicate the type ofgas. Therefore, SG-A would be an argon shielding gas. If the gaswere classified as a mixture, the gas types would be followed bythe percentage of the minor gas. For example, SG-HeA-25 wouldbe a helium-argon gas mixture composed of 75% helium and 25%argon. The latter classification might be used with GTAW toincrease the heat input for better fusion. SFA-5.32, is a relativelynew specification that should prove useful for designating the typeof shielding gas in a welding procedure specification or weldingprocedure qualification.
 3.4.4.32 SFA-5.34/SF A-5.34M: Specification for Nickel-Alloy Electrodes for Flux Cored Arc Welding The specificationfor Nickel-Alloy flux cored electrodes is a new specification formAWS. It recognizes the rapid growth and development in the nickelalloy welding. Previously, flux core arc welding electrodes wereonly classified for low alloy and stainless steel. This is also thefirst specification to use both the ISO and US Customary desig-nation in the classification. Other AWS specifications have beenupdated to include Metric (SI) designations, but those are not nec-essarily ISO recognized standard classifications.
 3.4.4.32.1 Nickel-Chromium and Nickel-Chromium-IronClassifications AWS classification, TNi 6082-xy (ISO Format) orENiCr3Tx-y (Traditional) and AWS classification, TNi 6082-xy(ISO Format) or ENiCr3Tx-y (Traditional), are used to weld UNSN06600 base metal that is in SB-163, SB-166, SB-167 and SB-168. Nickel-chromium-iron (N06600), 9% nickel steel and dis-similar metal combinations can be welded with TNi 6133-xy/ENiCrFe2Tx-y. The TNi 6182-xy/ENiCrFe3Tx-y electrodesare suitable for welding UNS N06600 and N08800 base metals.
 3.4.4.32.2 Nickel-Chromium-Molybdenum and Nickel-Cobalt-Molybdenum Classifications Electrodes designatedTNi6002-xy/ENiCrMo2Tx-y are used to weld UNS N06002 basemetal that is in specifications: SB-435, SB-572, SB-619, SB-622 andSB-626. TNi 6625-xy/ENiCrMo3Tx-y can be used for welding bothUNS N06625 and N08800. Base metals designated UNS N10276 aretypically welded with TNi 6276-xy/ENiCrMo4Tx-y flux core elec-trodes. TNi 6622-xy/ENiCrMo10Tx-y is typically used to weldnickel-chromium-molybdenum UNS N06022 base metal. The highcobalt classification electrode, TNi 6117-xy/EniCrCoMo1Tx-y,would be applicable where higher temperature oxidation resistance isrequired such as for UNS N06617 base metal.
 TrendsThe newly released SFA-5.34/SFA-5.34M: 2007 Specification for
 Nickel-Alloy Electrodes for Flux Cored Arc Welding shows the trendof that AWS plans on following for future specification and specifica-tion revisions. The drive is to tailor the classifications to meet theworld wide market for welding consumables. SFA-5.34 includes
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66 • Chapter 3
 identical requirements for an electrode classified in traditional (U. S.Customary) and the ISO format. This varies from the other AWSspecifications that are limited to metric (SI) equivalents and ISOcomparisons. Since the nickel-alloy flux core electrodes were notpreviously classified, the creation of a new specification allowed therequirements to be standardized into one classification. Ideally weld-ing consumables could eventually have just one ISO designation andthe dual formats could be dropped. This is possible within somespecifications, but more difficult in other specification due to differ-ences in chemistry ad properties between U.S. Customary classifica-tions and Metric (SI) classifications. Some work is being done is thisarea by expanding or modifying the chemistry requirements andproperties to encompass slight variations of the same alloy. Whereconsolidation is not possible, a dual system of classification willcontinue to exist. However, the overall trend toward a unified systemwill continue and be driven by the world wide market.
 3.4.5 References1. ASME Boiler and Pressure Vessel Code, The American Society of
 Mechanical Engineers, 2007 edition.
 2. AWS Standards, The American Welding Society, 550 NorthwestLejune Road, Miami, FL 33126.
 3. The American Society for Testing and Materials (ASTM), 100 BarrHarbor Drive, West Conshohocken, PA 19103.
 4. The American National Standards Institute (ANSI), 11 West 42ndStreet, 4th Floor, New York, NY 10036-8002.
 5. ASME Boiler and Pressure Vessel Code Section IX, QualificationStandard for Welding and Brazing Procedures, Welders, Brazers, andWelding and Brazing Operators, The American Society ofMechanical Engineers, 2007 edition.
 6. ASME Boiler and Pressure Vessel Code Section II, Part C, Specificationsfor Welding Rods, Electrodes, and Filler Metal, The American Societyof Mechanical Engineers, 2007 edition.
 7. ASME Boiler and Pressure Vessel Code Section III, Division I, Rulesfor Construction of Nuclear Power Plant Components, Part NB—Class 1 Components, The American Society of Mechanical Engineers,2007 edition.
 8. The Aluminum Association, Inc., 900 19th Street, NW, Suite 300,Washington, DC 20006.
 9. WRC 342, McCowan, C. N., Siewert, T. A., and Olson, D. L. (1989).“Stainless Steel Weld Metal Prediction of Ferrite,” Welding: ResearchCouncil, Bulletin 342, New York.
 10. Kotecki, D. J., and Siewert, T. A., “WRC-1992 Constitution Diagramfor Stainless Steel Weld Metals: A Modification of the WRC-1988Diagram,” Welding Journal, Vol. 71, No. 5, pp. 171s–178s, 1992.
 SUMMARY OF CHANGESThe 2007 Edition of this Code contains revisions in addition to the 2004 Edition with 2005 and 2006 Addenda. The revisions are identifiedwith the designation 07 in the margin and, as described in the Foreword, become mandatory six months after the publication date of the2007 Edition. To invoke these revisions before their mandatory date, use the designation “2007 Edition” in documentation required by thisCode. If you choose not to invoke these revisions before their mandatory date, use the designation “2004 Edition through the 2006Addenda” in documentation required by this Code.
 The BC numbers listed below are explained in more detail in “List of Changes in BC Order” following this Summary of Changes
 Changes given below are identified on the pages by a margin note, 07, placed next to the affected area.
 Page Location Change (BC Number)
 73–104 SFA-5.4/5.4M Revised in its entirety (BC06-676)
 105–153 SFA-5.5/5.5M Revised in its entirety (BC06-943)
 213–235 SFA-5.9/SFA-5.9M Revised in its entirety (BC06-944)
 423 SFA-5.18/SFA-5.18M (1) In second tabular material with Fig. A2, Note reference for Standard sizecorrected by errata (BC07-212)
 (2) In second tabular material with Fig. A2, Resulting current, DCEN correctedto readNominal current, DCEN; and all values to the right of that entry cor-rected by errata (BC07-212)
 615, 625 SFA-5.28/SFA-5.28M (1) Table 1 corrected by erraa (BC06-1525)
 (2) In Table 7, under Preheat and Interpass Temperature, fifth entries for �F and�C corrected by errata (BC06-1524)
 645 SFA-5.29/SFA-5.29M Table 1U corrected by errata (BC06-327)
 LIST OF CHANGES IN BC ORDER
 BC Number Change
 BC06-676 Adoption of AWS A5.4/A5.4M:2006 “Stainless Steel Electrodes for Shielded Metal Arc Welding” in Section II,Part C. Deletion of AWS Classification EXXX(X)-15 from Section IX, Table QW-432.
 BC06-943 Adoption of AWS A5.5/A5.5M:2006 “Specification for Low-Alloy Steel Electrodes for Shielded Metal ArcWelding” into Section II, Part C. Addition of E(X)XX45 as F-Number 4 in Section IX, Table QW-432.
 BC06-944 Adoption of AWS A5.9/A5.9M:2006 “Specification for Bare Stainless Steel Electrodes and Rods” as SFA-5.9 inSection II, Part C.
 3.4.6. SUMMARY OF CHANGES (FROM ASME 2007 CODE EDITION)
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