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P-NUMBERS

Grouping of Base Metals:

Table 3.1 Applicable P-Mumbers

Base MMetal F number
Carbon Steel F1
C- a9 ho P33
-1 . 259%Cr — .55 P
[\ (e
Guess !!!
22599 Cr — Q055 Fas, PAB.
196 M FP5C
What are the P Numbers for: o e
o . 125 Cr P&
> Ferritic Stainless Steels "
. . Aluminium and 21 — P25
> AUStEﬂmE S’[HII‘I|ESS StEElS Alunmunium base 3[]0'{.,:;;
> Martensitic Stainless Steels Copper and Coper P31l _ P35
haze allovs
> Duplex Stainless Steels
Mickel and MNickel base P4l — P47
alloys
Titanium and Titanium P51 — P53
haze alloys
Zirconium and P&l — P2
Zirconium alloys
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WELDING CONSUMABLES

For Carbon & Low Alloy Steels:

al T Lagend
- 1 classification oW rogen
% :’; A ASME SFA 5.1 classification ETOXX low hyd (51
o _ .1 classification EGO10 for root pass (5)
5| = E T [ ASME SFA 5.5 classification EFOXX-A1, low hydrogen
E o il E% T Tl T D ASME SFA 5.5 classification EFOXX-B2L (6) or EANKX-B2, low hydrogen
Baxe Matarial E - [e] ot 3 a E I E ASME SFA 5.5 classification EGOXX-B3L (&) or E90XX-B3, low hydrogen
al =l | £ -1 = .5 classification - or - 1, low hydrogen
38 Watari: o =l - af 2121 2 F ASME SFA 5.5 classif EB0XX-B6 or ESOXX-BEL (6), low hyd
E% =1 =4 I = % % - H  ASME SFA 5.5 classification EBOXX-B8 or ES0XX-BEL (8), low hydragen
" - — = = .5 classification ~ ar - s W Y aArsgan
=1 & f G = = % J ASME SFA 5.5 classification ESOXX-CA EF X X-CIL, low hyd
E E - =+ 1 ' +| ol = K ASME SFA 5.5 classification EBOXX-C2 or EFOXXC2L, low hydrogean
slela| =] G ol =1 =] L ASME SFA 5.11 classification ENICrMo-2
8 O] =] o i ) o] o) M ASME SFA 5.11 classification EMICriMo-g
AB . - An unlikely or unsuitable combination. Consult the Cwner's Engineer if this
Carbon Staal .~ JAC|ADR.D BADEHACEFH] AdJ | AK o
i3 combination is needed.
|Carbnn—|'v'lnlyhdenum Steal C |CO|CDEJCOE|CDEFH, * | * |
f » N N N Motes (1) Appendix A-1 refars to coated alectrodes. For bare wire walding (SAW , GMAW
1 'EI" 1 1'4 C'r N 1'2 MD Stl':'lﬂl D DE DEF DEFH GTAW), use equivalent elactroda classifications (ASME SFA A5 14, AS.17, AS.18,
2 1.-4 ':-r- 1 MU STQQ' E EF EFH 3 3 3 AS 20, AS.23, A5.25). Refer tothe text for information on othar processes.
|5 C_r . 1.'2 Mn Stgm F FH * * * (2) Highar alloy electrode specifiad in the table should normally be used to mast
- the required tensile strength or toughness after post weald heat treatmeant.
g C_r . 1 Mﬂ Stgm H |:4:| ¥ ¥ ¥ The lower alloy electrode specified may be required in some applications
to meet weld metal hardness requiraments.
214 Nickel Stoal J 1JE LM {2) Othar EBOXX and ETOXX welding slectrodes may be usad if
" approved by the purchaser.
3 1/2 Nickel Steal K LM (4] This table doas not cover modified varsions of Cr-Mo alloys
o " |,5,| Refer para. 6.1.4 ] o ]
Ei) Nll:l";gl Stggl LM {8) PWHT can cause the strength of theswe filler metals to drop below minimum requirements.
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For Stainless Steels:

WELDING CONSUMABLES

Typa 410 Stainless Staal

ABC

AB

AR

AB

AR

AB

AR

AB

AR

AB

Type 304 Stainlass Steal

DH

0l

OF

DGH

]

OE

OE

Typa 304L Stainless Steel

OHI

OF

GH

H

DE

DE

Typa 304H Stainlass Steel

OF

OGH

Ol

DEJ

El

Typa 310 Stainless Staal

= =0 =1 =

AK

Typa 316 Stainless Staal

FG

Fl

EF

EF

Typa 316L Stainless Steal

Gl

EG

EG

Typa 317L Stainless Steel

El

El

Typa 321 Stainless Steal

Typa 347 Stainless Staal
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Note

ASME SFA 5.4 classification E309-XX

ASME SFA 5.11classification ENICrFe-2 or -2 (Nota (4))
ASME SFA 5.4 Classification E410-XX (0.06% C max.) (Heat Treatment @ 1400 F requi
ASME SFA 5.4 classification E308-XX

ASME SFA 5.4 classification E347-XX

ASME SFA 5.4 classification E316-XX

ASME SFA 5.4 classification E316L-XX

ASME SFA 5.4 classification E308L-XX

ASME SFA 5.4 classification E317L-XX

ASME SFA 5.4 classification E308H-XX

ASME SFA 5.4 classification E310-XX

(1) Appendic A-2 refars to coated electrodes. For bare wire welding (SAW, GMAW
GTAW ), use equivalent electrode classifications (ASME SFA A9, AG.14)
Refer to the taxt for information en other processes.

(2) The higher alloy electrode spacified in the table is normally prefarrad.

(3) See Section 8.3 of this document for weld metal Delta Ferrite requirements.

(4) Refer to para. 6.2.2 for the temperature limitation for Nickel base fillar matals.



WELDING CONSUMABLES

For Duplex Stainless Steels:

= w3 4
= = = w ! =3 o
[ B — L] — [a¥ | [} ==
= wn s % Ty o Lo — — =2
. =9 ] & (= = @ o o =
Base Material | &5 =1 el —! - o =1 @ a o
o e ol @ =l = = =2 o
= = an s = = =
oo (o'l o0 o T
—
(=] (=
2205 A B.C c AD A AE G G,H F.G,H
25Cr B.C c BE.C.D| A.B.E | AB.E G G.H F.G.H
Super Duplax c c.D | A,CE | ACE G G G
Legend
o ASME SFA 5.4, classification E{R) 2209
B ASME SFA 5.4, Classification E (R)2552
[ ASME SFA 5.4, Classification E(R) 2594
] ASME SFA 5.4, ClassificationE(R) 309l
E ASME SFA 5.4, Classification E{(R) 209LMo
F ASME SFA 5.4, Classification E{(R) 282
[ ASME SFA 5.11, Classification EMNICrMo-
=
H ASME SFA 5.11, Classification ENICr-3

“An unlikely or unsuitable combination. Consult the Purchaser's engineer if this combination
is neadead.

Mote: Appendix A.2 refers to coated electrodes. For bare wire welding (SAW ., GMANY,
GTAW), use equivalent electrode classification (ASME SFA A 5.9 and 5.14).
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WELDING CONSUMABLES

For Copper and Nickel Based Alloys:

70-30 |Alloy [Nick [Alloy [Aloy [Aloy [Alloy JAlloy JAlloy [Alloy BE-[Alloy  [Alloy
& 90- o0 |el 200 edn |e2s  |e2s  |C22 |CE2FE |2 G-3  |G-30
10 Cu-|inog Jzoo |inooe |voss |ivoes [iMozs |voso [in102 |iM10ee |(Nosa |inoeo
Ni 400y |nozfooy, ooy |es |em |22y e |E a5y |20
200) [a00
(N Do
Basa Material 107,
SO0HT)
(NO2s
11)
Carbon and Low Alloy Steel BG |BS | © A A A A D E F G H
300- Series Stainless Steal BC | AC | AC A A A A D E F H
Lagand - -
o . 400- Series Stainless Steel B B | AC A A A A D E F H
A ASME 5FA 511, dassffication ENiCrFe-2 or-3
T0-20 & 90-10 Cu-Mi B B c c c c c
B ASME SFA 5.1, Classification ENiCu-7
Alloy 400 (NO4400) B BC A A A A A A F A A
C ASME SFA 5.11, Classification ENi-1 -
] ] ] Mickal 200 (NO2200) [ AC AC AG AC cD CE CF CG CH
D ASME SFA 5.11, Classification ENiCrMo-10 Alloy 800 (NOS200), S00H (N02S10), S00HT K A A A ol | EJ FJ G | HI
E ASME SFA 511, Classification ENiCrido-4 (MoB211)
o ) Alloy GO0 (NOBEIO) A | Al A oJ | EJ FJ G | HI
F ASME SFA 5.11, Classification ENiMo-7
] ) ) Alloy 625 (NOBE25) J J [n¥] EJ FJ G HJ
3 ASME SFA 511, Classification ENiCrio-9 Aoy 825 (NDBE25) J o | 5 = o |
H ASME SFA 511, Classification ENiCrMo-11 Aoy G-22 (N0B0ZZ) o | & = o |
J ASME SFA 5.11, Classification ENiCrMo-3 Nloy C.276 (N10276) =T o lm
K ﬁlsME SFA 511, Classification EMiCrCoMo-1 or mmching Alloy B-2 (N106885) E e HJ
Ier
Alloy G-3 (NOBSAS) G H.J
Alloy G-20 (NOBI30) H
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WELDING CONSUMABLES

For Weld Overlay:

Weld Overlay Materials (1) (2)
Crverlay Material Equipment Requiring PWHT Equipment Mot Reguiring PWHT
First Layer Top Layer(s) First Layer Top Layer(s)
405/ 4105 EniCrFe-2 or -3 or ERMICr-2 EniCrFe-2 or -3 or ERNIC-3
304 S5 (3 (3) E/ER309 E/ER308
304l 85 E/ ER304L E/ ER308L E / ER304L E / ER308L
eSS (3 (3) E / ER30SMo E/ER316
316L 85 E/ ER309LMo E/ER316L E / ER309LMo E/ER316L
7L &S E/ ER30SLMo E/ER31TL E /ER309LMo E/ER31TL
321/ 347 58 E/ ER309 E/ER347 E / ER308NbE E/ER347
Alloy 20-Ch3 E/ ER320LR E/ER320LR E /ER320LR E/ER320LR
Alloy 400 E/ ERNICuU-7 {4) E/ ERNICu-7 E / ERMICU-T {4) E !/ ERNiCu-7

Electrode nominal diameter and AW S classification shall be considered essential variables.

(1) Use of this table is limited to carbon and low-alloy steel backing materials.

(2) For overlay not imrolving clad restoration, use the combination of consumables that
results in the desired weld metal chemical composition in the top layer(s).

(2) EFEER208 and E'EER21 6 are not normally used in the post-weld heat-treated condition.
The Purchaser shall approve the use of non-low-carbon EEER208 and EEER3216 in the
post-weld heat-treated condition.

{4} EMi-1 or ERNi-1 may be used as an alternate.
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DISSIMILAR WELDINL;

When Joining:
Ferritic Steels (Pl through Pa) to:

(a) Martensitic Stainless Steels (PE) or

(b) Ferritic Stainless Steels (P7) or
(c) Austenitic Stainless Steels (P8)

Filler metal shall be selected based on the following criteria:

v" Type 809 or 309L for design temperatures not exceeding BO0F (31aC)
v" Nickel-based alloy filler metal based on design conditions listed in Table

AW S Filler Material
Designation

Max. Design Temperature
(non-sulfur environment)

Max. Design Temperature
(sulfur environment)

EMNiCrFe-3

1000 *F {540 2C)

700 °F (370 °C)

ERMNICr-3, ENiCrFe-2

1400 °F {760 °C)

750 °F (400 °C)

ERMNICrMo-3

L100°F (590 °C)

Q007F (432 °C)

LE MNiCy-<

L 1O0PE (590 °C)

| 10 E (590 2 *

#*Mote: In some condition, ERMNICrCoMo- 1 should also be considered.

v" For service conditions exceeding the limits stated in above table, consult the vendor

v ER3I0 (E3I0-XX) and ERNiCrFe-b shall NOT be used
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SPEGIAL WELDING GONSIDERATIONS

Low Alloy Steels Welding (P3-Pa):

For welding of low alloy steels which are to be used:
> With heavy wall thickness (above | inch)

> With high temperature (825F to 1100F)
> With high pressure hydrogen service

Special considerations must be checked out from API-334 to ensure all requirements of welding filler
metal, pre & post heat treatment and additive precautions.
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SPEGIAL WELDING GONSIDERATIONS

Austenitic Stainless Steel Welding (P8 Group |):

For welding of austenitic stainless steels, following guidelines and restrictions apply:

> Materials requiring PWHT or materials in high temperature service), the Ferrite Number (FN) for the deposited weld metal should not
exceed 10 FN measured prior to PWHT. (Ferrite number (FN) shall always be measured prior to PWHT).

> Minimum Ferrite Number for filler metal should be 4 FN except for the following:
—  The minimum FN for type 347 shall be 3 FN

—  When joining stainless steels for cryogenic service, non-magnetic applications, or special corrosive service, consumables with a lower FN may be
required. The maximum ferrite number for EIG-8-2 weld deposits shall be 8 FN

> When austenitic stainless steel weld materials are used at service temperatures above aall C:
— Materials shall have a formulation that does not intentionally add bismuth, and bismuth in the deposited weld metal shall not exceed 0.002%
— Materials shall have a maximum FN of 9 FN.
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SPEGIAL WELDING GONSIDERATIONS

Duplex Stainless Steel Welding (PI0H):

Special considerations must be checked out from API-338C to ensure all requirements of welding filler
metal, pre & post heat treatment and additive precautions.

> Ferrite content shall be measured on base metal, HAZ and weld metal.
> Ferrite content in these locations shall be 30% - 63%. Ferrite

> | the deposited weld metal ferrite content is greater than 0%, the moisture content of duplex electrodes shall
be controlled to 0.2% max.
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SHIELDING AND PURGING GASES

Luidelines:

> Shielding gases shall meet the purity requirements of AWS 0.32/A5.37M.

> Back purging is required for the GTAW and GMAW processes for welding materials having a nominal chromium content
greater than 2 % % unless the joint is ground or back gouged to sound metal.

> Whenever a back purging gas is selected to prevent oxidation or scale formation on the underside of the weld, the purge
shall be maintained until at least [/4 in. (5.0 mm) depth of weld metal has been deposited.

> For socket, seal, and any other attachment welds on base materials less than /4" thick, the back purging shall be
maintained throughout the welding operation.
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PREREATING AND INTERPASS TEMPERATURE

Luidelines:

v" Preheating, where required, applies to all welding, tack welding, and thermal cutting.

v" Minimum preheat requirements shall follow the applicable code such as Appendix R of ASME Section VIII, Table 330.11 of
B31.3, and Annex XI of AWS DL.I.

v' The preheat temperature shall be applied throughout the entire thickness of the weld and at |east 4 in. (I00 mm) on
each side of the weld.

v' The preheat and interpass temperature shall be checked by use of thermocouples, temperature indicating crayons,
pyrometers or other suitable methods.

v' The maximum interpass temperature shall be specified in the WPS and POR for austenitic stainless steels, duplex
stainless steels, and non-ferrous alloys and, when impact testing is required for carbon and low-alloy steels.

v" When welding high carbon equivalent forgings and fittings, special welding procedures including preheat and cooling

rate control for hardness management needs to be developed to reduce risk of Hydrogen Assisted Cracking.
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PREREATING AND INTERPASS TEMPERATURE

Recommended Maximum Interpass Temperatures:

Material Group Maximum. Interpass Temperature
Pl{Carbon steels) 600 °F (315 =C)
P3-PSA-PSC (Low alloy steels) 500 °F (250 °C)
P5B (Alloy steel) 600 °F (315 °C)
P6 (410/4108) 600 °F (315°C)
P6 (type 405) 500 °F (250°C)
P6 (CA6NM) 650 °F (345°C)
P8 (Austenitic stainless steel) 300 °F (175=C)
P 10H (Duplex stainless ) 300 °F (150°C)*
P41, P42 300 °F (150°C)
P43, 44 and 45 350 °F (175°C)

* Note: interpass temperature may vary depending on material grades.
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POSTWELD HEAT TREATMENT (PWHT)

Luidelines:

v M WPY's specifying PWHT should indicate the following:

a. Maximum Heating rate

b. Holding temperature range
c. Holding time

d. Maximum Cooling rate

v" Production hardness testing may be required to verify adequacy of heat treatments.
v" PWHT of Austenitic stainless steel, Duplex stainless steel or non-ferrous alloys requires approval by the Purchaser.

v" Except for weld overlays, welding procedure qualification tests for austenitic stainless steel to Ferritic steel welds shall
employ the maximum PWHT temperature limit specified in the welding procedure whenever the stainless steel is heated

above 70aC.

v" Repairing a post-weld heat-treated component, without PWHT requires that the repair meet all applicable construction code
requirements, or follow NB-23 or APl 510,
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POSTWELD HEAT TREATMENT (PWHT)

Luidelines:

v’ Lommentary: If postweld fheat treatment was originally conducted due to service requirements (specifically envirommental
cracking prevention), postweld heat treatment of the repair should be considered.

v When repairs are made to cladding or overlay welds on low alloy steels without subsequent PWHT, a minimum remaining
clad or overlay thickness of 3/16 in. (5 mm) is required unless it can be demonstrated that no new HAZ is formed in the
base metal with thinner overlay.

v" Exemption of code required PWHT for Ferritic materials based on the use of Austenitic or nickel-based filler materials is not
permitted.

v" [ode exemption of PWHT for P4 and P materials (low alloy steels) is Not permitted for applications in sour or hydrogen
service or where the nominal chromium content of the material exceeds 1.20%.
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POSTWELD HEAT TREATMENT (PWHT

Recommended Criteria:

P-Mao. Material Morninal Service Holding Time at Holding
Type Thickness at Environment Temperatume (deg | Temperatre (hr.)
Weld (in.) Fi
See Nok |
1 Carbon steal According o Coda 11060- 1200 1hefin. (1
code MnimuIm) or per
_ the code
1 Carbon stee] All Wet HIS 1130 minirmum 1hefin. (1
iR
1 Carbon stea] All Canstic 1130 minirmum 1hefin. (1
IiFirm)
1 Carbon steel All Amine 1150 minimum 1hefin. (1
Mmiriram)
1 Carbon stee] All Carbonates 1200 minimum 1hefin. (1
mminimim)
1 Carbon stes] All HF Acid 1150 minimum 1hefin. (1
mminimim)
1 Carbon stee] All Deperator 1150 minimam Thriin. (1
minimim)
i C-1/2Mo According o Code 1150-1200 1hefin. (1
Code MR
i Mi-Mo All All 1150-1200 1hrfin. (1
iR
4 1Cr-1/72Me, All For maximum 1275-1325 Lhefin. 2
1-144Cr- tempering (Creep) minimm)
I 2o
4 1Cr-172Me, All For optimum high 1250- 1300 Lhefin. 2
1-144Cr- temperatume minimm)
I/ IMio properties
{Toughne ss)
A - 140 1Mo All For maximum 1300- 1350 Lhefin. 2
tempering (Creep) minimm)

P-Mo. Material Mominal Service Holding Time at Holding
Type Thickne s at Environment Temperatupe (deg | Temperature (hr.)
Wild (in.) Fi
e Noke |
SA 21ACH Mo All For matimum 1275-1325 Lhr/in. (2
high temperature minimum)
properties
(Toughie ss)
5B SCr-112Mo All All 1325-1375 Lhefin. (2
iR}
5B - 1Mo All All 1350-1400 Lhefin. (2
iR}
5B A0 1MoV All All 1375-1425 Lhefin. (2
iR}
SC 140 All All L3060- 1350 & minimum
IMo-V ref: B34A
fi Martensitic According to All According to Lhrfin, (2
Stainle == Code Code IR}
Steels e Noke 2
7 Ferritic According to All According to Lhrdin. (1
Stainle == Code Code IR}
Stegls as peeded
] Austenitic According to All According to According to
Stainle == Code Codde [
Steels See Noke 3
04 02 2102 | According o All L100F-1150 1hefin. (1
Ni Code MR )
i} 312 M
10H Duplex According to All According to 1hrdin. (1
Stainle == Code Codde MR )
Steals
1A | BN, 9N According to All According to 1hrdin. (1
Code Codde MR )
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POSTWELD HEAT TREATMENT (PWHT)

Special Notes for PWHT Table:

v Note | - For Q&T or N&T materials, the PWHT holding temperature shall be at least ZaF below the original tempering
temperature of the base metal.

v Note 2 - For Types CA-13 and CA-1aM materials, a double tempering heat treatment is required. Initial heat treatment at
[150F minimum, followed by air cooling to ambient temperature, and second heat treatment at [120F minimum (but lower
than initial temperature) and air cooling to ambient temperature.

v Note 3 - For Type CAGNM material, a double tempering heat treatment is required. Initial heat treatment at [22aF-1275F,
followed by air cooling to ambient temperature, and second heat treatment at {00F-1150F and air cooling to ambient
temperature.

v Note &4 - For Types 321 and 347 materials, post weld thermal stabilization may be specified at |BO0F-1630F for 2-4
hours.
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POSTWELD HEAT TREATMENT (PWHT)

Local PWHT:

v Local PWHT involving circumferential bands around piping or vessels shall be performed as follows in order to control
harmful thermal gradients:

a. The holding temperature (soak) band width shall be the greater of W+4t or the governing code requirement, where W is the width of the weld
cap and t is the thickness of the component.

b. Beyond the edges of the holding temperature band, a gradient band shall be applied so that the temperature at its outer edges is Not less than
1/2 the holding temperature. The width of this gradient shall be 2.5 times the square root of rt, where r is the component radius and t is the
component thickness.

C. Beyond the edges of the gradient band, a decay band shall be applied to allow the temperature to gradually approach ambient. The width of this
decay band shall be 2.5 times the square root of rt, where r is the component radius and t is the component thickness.

v Local Spot PWHT (called Bull's Eye) on vessels or piping shall require approval of the purchaser.
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For more details & information, please contact us:

The PetroStreet Team

www.thepetrostreet.com

support@thepetrostreet.com




