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FOREWORD

Grade 921 (UNS K91201, SA-213 T921 and SA-335 P921) is a ferritic alloy steel developed for use in
refinery fired heaters that service processes with a high tendency for coke formation and fouling. Such
services include cokers, crude and vacuum heaters, visbreakers, heavy-oil hydrotreaters and others.
Grade 921, nominal composition 9Cr-2Si-1Cu, is a variant of the traditional fired heater material, 9Cr-1Mo,
with additions of copper and silicon to reduce the tendency for coke formation (i.e., fouling nucleation and
accumulation) on the process-exposed inside surface. Grade 921, however, is not a member of the Creep
Strength Enhanced Ferritic (CSEF) group of 9-12% Cr alloy steels. Some publications refer to Grade 921
as “P9Mod” or “Modified 9Cr,” however to avoid confusion with the more common Grade 91 steel (9Cr-
1Mo-V — which is widely deployed and referred to by these same names), Welding Research Council, Inc.
(WRC) will refer to this material only as Grade 921 or the product-form-specific grade names, T921 and
P921. The creep resistance of Grade 921 is comparable to that of conventional 9Cr-1Mo material over
most of the temperature range, and codes and standards have (or are in the process of) establishing time-
dependent allowable stresses for Grade 921 which are nearly identical to those of conventional 9Cr-1Mo.
The alloying additions of copper and silicon do, however, provide for a significant amount of precipitation
hardening to occur simply during normal manufacturing heat treatment (normalizing and tempering). As a
result, the time-independent (tensile and yield) strengths over the useful temperature range are significantly
higher for Grade 921 than for conventional 9Cr-1Mo. This Bulletin presents currently available high
temperature strength data for Grade 921. The elevated temperature tensile and yield strength properties
are provided for the establishment of time-independent allowable stresses in API Std 530, along with
recommended safety margins accounting for the limited size of the dataset. A discussion of the Grade 921
creep properties is provided, along with WRC’s recommendation that, at this time, the alloy utilize the
Larson-Miller (LM) and rupture exponent properties of conventional 9Cr-1Mo.

It is expected that Grade 921 will be formally recognized in the 24 Addendum to the 7" Edition of API
Standard 530 (APl 530 7.2), which is currently out for ballot by the APl Subcommittee on Heat Transfer
Equipment. As outlined in this Bulletin, the LM properties used to develop allowable stresses in APl 530
7.2 are identical to those for conventional 9Cr-1Mo. Efforts by WRC are underway to include Grade 921 in
an Addendum to the 3 Edition of WRC Bulletin 541 (WRC 541 3.1). Formal recognition of Grade 921 in
API 579-1/ASME FFS-1 (API 579) will not be reflected in the 2021 Edition of this document but is expected
to occur in a subsequent edition. Until the alloy is formally recognized in API 579, FFS practitioners may
utilize the creep rupture properties of conventional 9Cr-1Mo in creep assessments of Grade 921 or may
utilize the specific LM or MPC Omega method properties provided in this Bulletin. For guidance on specific
applications (Omega testing, remaining life determination, etc.), inquirers are encouraged to write to WRC.

Dr. Martin Prager
Executive Director
Welding Research Council, Inc.

This is a preview. Click here to purchase the full publication.



https://www.normsplash.com/WRC/129595431/WRC-589?src=spdf

WRC Bulletin 589
Recognition of UNS K91201 (Grade T/P 921 9Cr-2Si-1Cu) Alloy in API 579-1/ASME FFS-1 and API Std 530

Intentionally Left Blank

This is a preview. Click here to purchase the full publication.



https://www.normsplash.com/WRC/129595431/WRC-589?src=spdf

O 0 N o u b

WRC Bulletin 589
Recognition of UNS K91201 (Grade T/P 921 9Cr-2Si-1Cu) Alloy in API 579-1/ASME FFS-1 and API Std 530

TABLE OF CONTENTS

INTRODUCTION AND MATERIAL BACKGROUND......cciteuieittnneenteneeteeneesrensesseassesssassesssassesssassesssassssssnssssssansans 3
1.1 MOTIVATION FOR THE DEVELOPMENT AND RECOGNITION OF GRADE T/P 921...cvvviiiiiieeeeeeee et 3
1.2 ALLOY BACKGROUND — GRADE 921 ... iiiiiiiieeieeeiiiitieeeeeeeeettteeeeeeeeesaataeeeesesessstaneeeeessstannseesssssstannaeesesessstnnnaeeeessees 4

1.2.1 Grade T/P 921 Data PACKAGE, REFEIENCE [1].......occveeeireeeeeeireeeieeeereeeieeeereeeieeeeiseeeiseesiseesiseesisessissesises 5
1.3 ADDITIONAL INFORMATION AND ANALYSIS ON GRADE T/P 921 ...ttt eee et e e e e st e s sbae e e snns 6

DATA ANALYSIS. ..o iieeiiitteiertteeerteenereeessestessseretsssssssassssssssssssssssssssssssssssssssessssssessssssssasssessansssesanssssssnssessnnnnns 6

THERMAL AGING BEHAVIOR OF GRADE T/P 921 BASE MATERIALS .......ueettttiieeirrrrneeeeeeeeessssssseeseesesssssnsssssees 11
3.1 CHARPY [MPACT ENERGY TEST RESULTS .iieieieieieieeeieieieieieieeeieieieeeeeeeeeseeeseeesesesesesesesssesesssssssesssesesssssesesssessssseseseses 11
3.2 ROOM TEMPERATURE TEST RESULTS vvvvvvvrererererererererereresesesesesesesssssessssssssssssssssssssssssssssssssssssssssssssssssesersssrssssersrsrne 13
3.3 DISCUSSION ON THERMAL AGING BEHAVIORS IN GRADE T/P 921 ....uvveiiieieie ettt eetee et e e eavee e enaee e e enneeas 13

HIGH TEMPERATURE BEHAVIOR OF GRADE T/P 921 WELDED JOINTS ......cccccerteeriiccsssnnrneeeesesssssnsseeesssssssnnnes 15

NOIMENCLATURE .....cceeuttittenerttenereennsereesssereesssersesssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnssssssnssssssnne 16

REFERENCES .....ccceuiitttuieiteenereeensereennsereesssessesssesessssssssssssssssssssesssssssssssssssnssssssssssssssnssssssnsssssssssssssnssssssnsssssanne 17

TABLES ....ccutiiieeiiiteeierieenierteeeereeesseresnssesssassesssssssssenssssesssssssensssssssssssessssssesnsssessssssssensssssenssssesnssssesnnsssssnsssaes 19

FIGURES .....ceeuiiiitenieitenneittenetesessertenssessenssesssessesssesssssssssesssassssssassessssssssssnsssssssnssssssnssssssnssssssnssssssnssssssnsssssnnne 26

IMATERIAL PROPERTIES ....ccuuiittenieriennnertennerrennersenssesssnssesssassesssassessssssesssnssesssssssssssnsesssssssssssnssssssnssssssnsesssnnne 53
9.1 INTRODUCTION ..evvveverererererereresesesesesesesesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssrsrerersserersenn
9.2 CHEMICAL COMPOSITION REQUIREMENTS ..vvvuuuneeeeerereruneeeesseesssnnaeeeesssssssnaeeesssssssnnaeeeesssssssnneeessssssssnneeesssssssnnneeees
9.3 HE AT TREATIMENT eetutueeeeeeeertutieeeeeeerersanaeeeesesssssnaeesssssssssnaaeessssssssanseesssssssssnneeessssssssnnaseesssssssnneeeesssssssnnneeeesssses
9.4 MECHANICAL PROPERTY REQUIREMENTS AT ROOM TEMPERATURE
9.5 HARDNESS REQUIREMENT ...cvuuiiiiiieeiiieeeiiieeeeeneeeenneessnneessneesennns
9.6 COEFFICIENTS OF LINEAR THERMAL EXPANSION, (1)

9.7 THERMAL CONDUCTIVITY AND DIFFUSIVITY, (1), (3)

9.8 MODULUS OF ELASTICITY, SEE NOTE ..vvvvererererererererererereseeereresesesesesesssssssssssssssssssssssssssssssssssssssssssssssssssrsrsrsrssersrreen
9.9 MATERIAL DESCRIPTION AND SIZE OF TEST HEATS uuuuuieeeiitettttieieeeeeeerttieeeeeeerersnnaeeeesssssssnaeeessssssssnaeeeesssssssnmaeeessseses
9.10  CHEMICAL COMPOSITION OF TEST SPECIMENS ..evvvuuueeeeerererrneeeeeerersssnnaaeeessessssnnnaeeessssssssnsaeessssssssnsmeeeesssssssnsneeeseseses
9.11  MECHANICAL PROPERTIES AT ELEVATED TEMPERATURES FOR TEST SPECIMENS (AS PROVIDED IN METRIC) ...eeceeureeeennennnn. 59
9.12  AVERAGE TENSILE STRENGTH AT ELEVATED TEMPERATURES FOR SPECIMENS (AS PROVIDED-METRIC) ..ceeeeuvvereeirieeeenrinen. 61
9.13  RATIO OF ELEVATED TEMPERATURE TENSILE STRENGTH TO R.T. TENSILE STRENGTH ....uuuuuurnrnrnrnnnrnnnnnnnnnnnsnsssnnnsnsnsnsssnnnes
9.14  AVERAGE 0.2% PROOF STRESS AT ELEVATED TEMPERATURES FOR TEST SPECIMENS......uuuuuurernrnrnrnnnnnnnsnnnsnnssnsnsnsnsssnsnnnes
9.15  RATIO OF ELEVATED TEMPERATURE PROOF STRESS TO R.T. PROOF STRESS....uuuuuuuuruunrnunnnnnnnrnnnnssnsnsnsnsnnnsssssssnsnsnsssssnnnns
9.16  CREEP RUPTURE AND MINIMUM CREEP RATE PROPERTIES OF TEST SPECIMENS ....uuuuuuuurnunsnrnrnrnnnsnnnnnnnsnnnsssssnsnsnsnsssssnnnns
9.17  INITIAL STRAIN RATE AND OMEGA PROPERTIES FOR STRAIN VERSUS TIME TEST SPECIMENS

This is a preview. Click here to purchase the full publication.



https://www.normsplash.com/WRC/129595431/WRC-589?src=spdf

WRC Bulletin 589
Recognition of UNS K91201 (Grade T/P 921 9Cr-2Si-1Cu) Alloy in API 579-1/ASME FFS-1 and API Std 530

Intentionally Left Blank

This is a preview. Click here to purchase the full publication.



https://www.normsplash.com/WRC/129595431/WRC-589?src=spdf

WRC Bulletin 589
Recognition of UNS K91201 (Grade T/P 921 9Cr-2Si-1Cu) Alloy in API 579-1/ASME FFS-1 and API Std 530

ABSTRACT

This WRC Bulletin records the data used to gain approval of ASME and API for application of Grade 921
(UNS K91201, 9Cr-2Si-1Cu) alloy at elevated temperatures. This novel alloy has been developed by
Vallourec to resist coke formation in refinery heavy oil services and has already gained ASTM (A213 and
A335) and ASME (Code Case 3007) approval. All data and property equations are provided herein in both
US Customary and Metric units. Included in the data collections and curve fits are yield and tensile
strengths, Larson-Miller (LM) stress-rupture properties, and MPC Omega Method properties, including
Omega parameter and initial creep strain rate coefficients corresponding to the stresses and temperatures
for which data were provided. Also contained within this Bulletin are available data for welded joints,
intended to demonstrate the suitability of welded constructions of Grade 921 for elevated temperature
service, and establish recommended modifications to the provided base metal properties to account for the
behavior of welded joints.
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