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Relationship of physical praperties of various metals with those of carbon steel
Ratio of properties

Austenitic

Relative Carbon stainless
prope steel Copper Aluminum steel 70Ni-30Cu T6Ni-16Cr-8Fe

Mean coefficient of

thermal expansion 1.0 1.5 E 1.4 : 1.0

Thermal conductivity 1.0 59 3 0. ; 0.2

Heat capacity 1. 0.8 ; : i 0.9
Density ; 1.1 : ; ¢ 1.1
Melting

temperature ; ' : . 0.9
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Component ares of weld metal
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Ditutionby Metat A% = 00

AVBHF 1F5) |

i i S c——
Dilution by Metal B,% AVBHFFy) X 100

A+B

Total dilution,% = AeBHF g

100




e R
9> b js S| S e’) =l

T

& Jilas sles Ml a8 L . e
Jlasl 4 Ol g s Y Olge Voo C

R WIREPINL Y







e
Sl Bl o s DN St 8, -

13505 54 5 o des \,ﬁJ&fmw\C&J &y

esliz.d] SLas N s 5 b b Sl ealizad -



ﬁ
% .. g : . . . . .

Sl 4 asfs ol R R 5 - ol s




W
e

SR b
Dlae oL
AL s
M| (S
52 51




Yb sbs 3 e Jore oy Las | uls ) L

33 6oL O 0 pds S g g A 4 el sl i o e Jladl TP
e 520 ol el T e (L (6los 53 Lo gusst) e o

e i Vo 5 o M e elglSis 5 BLl o s 5l ol il
33,5 S 5ol g ane s b )l (e sl

Y56 4 oY b Jlail )3 o S Srlge il (ISR 55 5 U olie e Jlanl -
Pl RS 35 5 ey DS 5 SCAS s @ 05 S5 Y8 635 e S 05 05
Syh o S

2 S oy S 4 e Kl e Ll b s plend S5 e Sl Y
o bl 1B VL el BY 5 O dlail G b SO ST Lo s 50 VL glales
syms Soaskea 635 e Ol e 53 K 13 S SV S 5,3 15 Ll s ol 68
Sl dal g



V);o.\ﬂsﬁjbuba!);r@»a&;
295 Sl K o




y e —
W

L;:jb‘\.hi:bc.,\MSﬁJ.LﬁJibchYbu‘)JMJJu%‘dsLs.:Lo‘)—O
Gl e U ospd Ol sl opd abed Lol G4 S

i eSS 5l GL5) alins




y
P i o b 293 dlail 5,00 Xz o
i 55 i

W] oS LS el 5V i)




”Z/
giiBTIn = T

3 K 5L u= Gl 1SS
Jlasl 5y opl Sl kb o Dol BB KusS s 55 b by IS




05 dlisee gledgy 5o IS e s (ol s 3 Ol

C_}wu\ oL u@uﬁ;.,o J'.’.J Ji.«l
Weld metal

Nickel

Nickel-copper %m‘

Copper-nickel

Nickel-
chromium

¢] 10 20 30 40
Maximum iron dilution, percent

Limits for iron dilution of nickel
and nickel-alloy weld metals




Suggested filler metals for welding nickel alloys to steels

Nickel alloy

Filler metal for welding to

UNS Common Filler Carbon or low Stainless
No. designation® metal form alloy steel steel
N02200 Commercially pure Covered ENi-1, ENi-1, ENiCrFe-2,
nickel electrode ENiCrFe-2 ENiCrFe-3
Bare wire ERNi-1, ERNIi-1, ERNiICr-3,
ERNICr-3 ERNIiICrFe-6
NO0O4400 Monel 400 Covered ENiCu-7, ENiCrFe-2,
NOS500 Monel K-500 electrode ENi-1 ENiCrFe-3
NO5502 Monel 502 *
Bare wire ERNIi-1 ERNICr-3,
ERNIiICrFe-6
NO6600 Inconel 600 Covered ENIiCrFe-2, ENiCrFe-2,
NO8800 Incoloy 800 electrode ENiCrFe-3 ENiCrFe-3
Bare wire ERNICr-3 ERNICr-3
ERNICrFe-6 ERNICrFe-6
NQO8825 Incoloy 825 Covered ENiCrMo-3 ENiCrMo-3
electrode
Bare wire ERNiCrMo-3 ERNICrMo-3
N 10665 Hastelloy B-2 Covered ENiMo-7 ENiMo-7
electrode _
Bare wire ERNiMo-7 ERNiMo-7
N10276 Hastelloy C-276 Covered ENICrMo-4 ENiCrivio-4
electrode
Bare wire ERNiICrMo-4 ERNiICrMo-4
NO64S55 Hastelloy C-4 Covered ENICrMo-4 ENIiCrMo-4
electrode
Bare wire ERNiICrMo-7 ERNICrMo-7
NO60Q07 Hastelloy G Covered ENiCrMo-9 ENiCrMo-9
clectrode

Bare wire

ERNiIiCrMo-1

ERNiCrMa-1

a. Some of these designations are tradenames. There may be other similar alloys having different designations.



M

Typical mechanical properties of welded joints between nickel alloys and steels
Nickel atloy

Tensile
UNS Common strength,  Elongation, Failure
No. designation*  Steel Filler metal® ksi percent  location
N04400 Monel 400 410sst ~ ENiCrRFe-2 81.8 34  Monel
N04400 Monel 400 304sst ENiCrFe-2 83.4 . 45  Monel
NOG600 Inconel 600 347sst ENiCrFe-2 95.1 29 Inconel
NO66O0  Inconel600  403sst ERNiCrFe-6 9.0 35 Stainless steel
N06625 Inconel 625 304sst ENiCrMo-3 91.2 —  Stainless steel
N06625 Inconel 623 410sst ERNiC:tMo-3 67,6 —  Stainless steel
N08800  IncoloyB00  34Tsst ERNiCrFe-6 9.6 33 Incoloy
N1000! HASTELLOYB Mildsteel ENiMod = 60.0 —  Mild steel
NI10002 HASTELLOY C  316sst ENiCrFe2 %03 33 Stainless steel
N10002 HASTELLOY C Mildsteel  ENiCtMo-5 61.0 —  Mildsteel

a. Several of these may be registered tradenames. Alloys of similar composition may be kriown by other

designations,
b. Referto AWS Specifications AS.11-76 and A5.14-T6 for information on nickel alloy filler metals.
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Butt joint designs for welding clad steel from both sides
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Filler metals for welding rne cladding layer of clad steel

Cladding
metal

Buttering passes

—

Fill passes

Covered
electro<ie

Bare clectrode
or rod

Covered
electrode

—

Bare electrode
or rod

Anustenitic Cr-INi stainless steels

304
304L.
309

3098
310, 310S
316

316L.
317
3171
321
347
348

E309, E309L.
E309L.

E309, E309L.
E309L.

E310, E310CDb
E309Mo

E309L., E309Mo
E309Mo

E309L.,, E309Mo
E309CDb

E309CDb

Chromium stainless steel

405, 429, and 430

410 and 410S

MNickel alloys

Nickel

Nickel-copper

Nickel-chromium-
iron

Coppcr alloys

Copper

Coppernickel
Copper-aluminum
Copper-silicon
Copper-zinc

Copper-tin-zinc

ENICrFe-2 or -3=
E309=

E310*

E430"

ENICrFe-2 or -3
E3090=
E310*
E430"

ENi-1
ENiCu-~7
ENiIiCrFe-1, 2, or 3

ENIiCu-7
ECuAI-AZ2
ENi-1

ENICu-7
ECuAl-A2
ECuSi
ECuAl-A2

ECuSn-A

ER309, ER3095L.
ER309L.

ER309, ER309L.
ER309L.

ER310

ER309

ER309L.

ER309

ER309L.
ER3D9IL.
ER309L.

ER348, ER309L.

ERNiIiCrFe-5 or -6
ER309>

ER310*

ER430"

ERNiCrFe-5 or -6*-<
ER309~

ER310"

ER430"

ERINi-I
ERINICu-7
ERNICrFe-5

ERNICu-7
ERCuAl-A2
ERNiI-1

ERNiIiCu-7
FERINi-1
ERCuAl1-A2
ERCuSi-A
ERCuAl-AZ2
RBCuZn-C<
ERCuSn-A

E308, E30S8L.
E308L.

¥E309, E309L.
E309L.

E310, E310CDb
E316, E316L.,
E318

E3I6Ll., E3I8
E317, E317L.
E317L.

E347

E347

ENICrFe-2Z ar -3*
E309~
E310*
E430"

ERNiIiCrFe-2 or -3*
E309*

E310*

E410°,

E410NiMo®,
E430°,

ENi-1
ENiCu-7
ENICrFe-1 or 3

ECulNi
ECuAl1-A2
ECuSi
ECuAl-AZ2

ECuSn-A

ER308, ER308L.
ER308L.
ER309, ER309L
ER309L.

ER310

ER316, ER316L.,
ER318

ER3161L., ER318
ER317, ER317L.
ER317L.

ER321

ER347

ER348

ERNICrFe-S or -62°
ER309=
ER310*
ER430"

ERNICrFe-S5 or -6°°
ER309>

ER310*

ERA410v,
ER4I1OINIiMo®,
ER430°%,

ERNi-1
ERNICu-7
ERNICrFe-5

ERCu

ERCulNi

FRCuA1-A2
ERCuSi-A
ERCuAal-A2
RBCuZn-C<
ERCuSn-A

b.

a. Welding on material colder than SO° F is not recommended.
Preheat of 300° F min is recommended, particularly with plate over 0.5 in. thick.

c. ERNICrFe-6 weld metal is age-hardenable. Consult the supplier.
d. IDeposited by oxyacetylene welding.
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Titanium filler strip Fiilet weld
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Steel back weld

ground flush Gas passage in filler strip
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Design of a titanium-clad steel
welded joint
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Titanium backing strip

Titanium strip

USNNNANANN

Steel welds Titanium backing strip

Titanium strip

Titanium weld
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Design of a T-joint in titanium-clad steel DESlgﬂ ofa hp jﬂiﬂl in {ifanium=clad steel



Titanium cladding

Titanium weld
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Gas purge hole

Titanium backing ring

Titanium welds Braze weld with silver filler

Titanium flange facing

Titanium backing ring

Braze weld with silver filler

Titanium welds
Flange facing

Typical nozzle design for titanium-clad steel vessels



