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Welding Cast Iron
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Table 1 Classification of cast iron by commercial designation, microstructure, and fracture

Commercial designation Carbon-rich phase Matrix(a) Fracture Final structure after

Gray iron Lamellar graphite P Gray Solidification

Ductile iron Spheroidal graphite F,P, A Silver-gray Solidification or heat treatment
Compacted graphite iron Compacted vermicular graphite F. P Gray Solidification

White iron Fe,C P, M White Solidification and heat treatment(b)
Mottled iron Lamellar Gr + Fe,C P Mottled Solidification

Malleable iron Temper graphite E, P Silver-gray Heat treatment

Austempered ductile iron Spheroidal graphite At Silver-gray Heat treatment

(a) F, ferrite; P, pearlite; A, ite; M, ite; At, pered (bainite). (b) White irons are not usually heat treated, except for stress relief and to continue austenite transformation.




Pearlite + Graphite
(aFe + FeyC)
Fast

Solid-state transformation Gray
v + Graphite > cast

{cooling through iron
eutectoid interval) Slow

Graphite shape depends Ferrite + Graphite
on minor elements (Fe)

Flake Compacted Spheroidal

Liquid Solidification Medium )
cast iron > > Yy + FeyC + Graphite Mottied cast iron
(iron-carbon-  Graphitization
alloy) potential
Low
Solid-state transformation .
Y + FesC > Pearlite + FesC White iron
(cooling through
eutectoid interval)
Reheat above
eutectoid interval
T + Fe.C=7 + Graphile  etf——— 7 + Fe,C
Hold above
Cool eutectoid
through interval
eutectoid
interval
Fast Slow
Pearlite + Temper graphite Ferrite + Temper graphite

2

Malleable iron

Fig. 1 Flowchart showing basic microstructures and processing steps required to obtain common commercial cast irons
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Fig. 2 Schematic representation of the temperature zones in a typical cast iron welding
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Fig. 5 Recommended joint preparation for welds using single U or V grooves. Source: Ref 1
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8 grooves. Source: Ref 1
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(a)

b)

Fig. 7 Recommended groove configurations for
8- joining cast irons. (a) Arc welding. (b) Braze
welding. Source: Ref 1
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Fiz. 9 Application of staggered stud pattern to pro-
8. vide increased strength at weld interface. (a)

Top view. (b) Front view. Source: Ref 1

Fig. 8 Groove face grooving for welding of cast
8 O irons. Source: Ref 1
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Table 2 Recommended postweld heat treatment practice for selected graphitic cast irons
Temperature
Holding time

Heat treatment °C F {per workpiece thickness) Cooling rate
Ductile iron
Stress relief 510-565(a) 950-1050(a) 1h/in. H

565-595(b) 1050-1100(a) Ih/in. (f)

540-650(c) 1000-1200¢c) Ih/in. ()

620-675(d) 1150-1250(d) 1h/in. )
Femitize anncal 900-955 1650-1750 1h + 1 h/in. (2)
Full anneal 870-900 1600-1650 1hin. (h)
Graphitizing anneal
Normalizing anneal
Normalizing and tempering anneal 900-940 1650-1725 2iin.(e) (i)
Gray iron
Stress relief 595-650 1100-1200 IWin. (f)
Ferritize anneal 705-760 1300-1400 I1h/in. (3]
Full anneal 790-900 1450~1650 Ih/in. (f)
Graphitizing anneal 900-955 1650-1750 1-3h + 1 Win. )
Normalizing anneal 870-955 1600-1750 1-3h + I hiin. [0}

(a) Unalloyed. (b) Low alloy. (c) High alloy. (d) Austenitic. (¢) 2 h minimum. (£} Fumace cool to 315 °C (600 °F) at 55 °C/h (100 °F/h), ai cool to room temperature (RT). (g) Furnace cool to 690 °C (1275 °F}; hold at 690 °C
(1275 °F) for 5 h + 1 b/in. of thickness, furnace cool to 345 °C (650 °F) at 55 °C/h {100 °E/h); air cool to RT. (h) Furnace cool to 345 °C (650 °F) at 55 °Cth { 100 °F/h); air cool to RT. (i) Fast cool with air to 540 to 640 °C (1000
10 1200 °F), furnace cool to 345 °C (650 °F) at 55 °C (100 °F/h). air cool to RT. (j} Air cool from annealing temperature to below 480 °C (900 ° F) to RT.
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Table 3 Composition of welding rods used for oxyfuel welding of gray irons

Compasition, wi%{(a)

Gray iron AWS filler metal UNS - -

welding application classification(b) No. C Mn Si P S Fe Niic) Mo Mg Ce

Conventional RCI F10090 3.2-35 0.60-0.75 2,7-3.0 0.50-0.75 0.10 bal Trace Trace

High-strength alloy RCI-A F10091 3.2-35 0.50-0.70 2.0-25 0.20-0.40 0.10 bal 1.2-1.6 0.25-0.45 .

Malleable and nodular RCI-B F10092 3240 0.10-0.40 3.2-38 0.05 0.015 bal 0.50 0.04-0.10 0.20

(a) Single values shown are maximum. (b) Copper-base filler metals frequently used in the braze welding of cast irons are no longer included in this specification. For information pertaining to these materials see ANSVAWS A7 6.
{c) Nickel plus incidental cobalt. Source: Ref 2
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Table 5 Composition of electrodes for the shielded metal arc and flux-cored arc welding
of cast irons

Compeosition, wt%

Electrode Other
product AWS UNS elements
form classification No. C Mn Si P s Fe Ni Cu Al (total)

Shielded metal arc welding electrodes

Undiluted ENi-CI W82001 2.0 2.5 4.0 - 0.03 8.0 85(a) 2.5 1.0 1.0
weld ENi-CI-A W82003 2.0 2.5 4.0 - 0.03 8.0 85(a) 2.5 1.0-3.0 1.0
metal  ENiFe-CI W3g2002 2.0 2.5 4.0 - 0.03 bal 4560 2.5 1.0 1.0

ENiFe-CI-A  W82004 2.0 25 4.0 - 0.03 bal 45-60 2.5 1.0-3.0 1.0
ENiFeMn-CI W82006 2.0 10-14 1.0 -+ 0,03 bal 3545 2.5 1.0 1.0
ENiCu-A w84001 0.35-0.55 2.3 0.75 - 0.025 3.0-6.0 5060 35-45 1.0
ENiCu-B W84002 0.35-0.55 23 075 - 0025 3.0-6.0 6070 25-35 1.0

Core wire ESt K01520 0.15 060 0.15 004 0.04 bal

Flux-cored arc welding electrodes

Undiluted ENiFeT3-CI W82032 2.0 3.0-50 1.0 = 0.03 bal 4560 2.5 1.0 1.0
weld
metal

(a) Minimum

codold Slel  ag beog ) 3SIl ool ddawesy odh 0310 Oswy ge>
Mo Jasds S Ol i 4S8 Gwl gSa e Luo 85 9wyl u sy LS il
sle o> poexS sl o Yaaxo Lo S8l ol 0ed s Ssl> G (e
LS bl 4 S Ol LSl Ho e 800 5 cle Sy SpaS
9 04z Ol oy oY s Ll e L0dh o oo lddwl Adly 4adl s
Yol el wld el o Gud dyw Geyw glw! p o YLy aS i sl oyl
008 darlad yo Sy

Oodixea g odd o0olo LA 5 L8 Jsi Ho 48 LT oy lad sylw oolal

g sl add ooly las 9 US40 48 e adue g L oSl 31 e Latwl
20035 o oS abede Jold g guz SHio olzrhd g

Ol soSele Hehiany JLuS oy Lilhe 45 A8y hid guz sl = paS g

O 0 duwe S Gwl dlol sle U

36



Dlbe oS vl pebien uolg Olose ouw Lo 1) so¥ed laog il
Lo oo )38l ool slom Olose 9 hd 0038 0 dawed LA 0 H LS ab
c(aade oS l) wWaly weSswo 5 DC

9 olieS Hwolo o LaogpiSIl Gol ddwen ol 001 Y Qowy e 0 g
A S @S o b Sl e T 3wy s cwd plasl SoSaS OH e
45 ol sylSwe> olodas H1 dro Losw odagS drhd a0 Qswy s
SO Sy 1 dad Logeke odd S oy dlS Sl o giax

Dl e 4o Ry oY ed 0 Sl S ol 001y Qawy e I e L
Yo abBy doys So by ol yas (S5 g S>aS sla gie> oyge oylo of by
co90 dal g3 BOOHB syus Yo HlLaws oiw So oslylo

Gz Do o by oy Hlude Lo ool pae aShw ge> sl oo Lo Olrhs
e dal g3 T ualy Fee Sl oy dly

sl oyl g0 oaxo 5o E7018 4 F7016 wislse (5sydaa aS slao gy ssl
2080 o DB O sy LS

pae 0T o) LS aSoos ey gl yT s soaexS olbadae sl Logae Lol
solo) ol pe STy wabad Sl sy LS Guale 4S8 By Swl gy LS L
NN I R R B S U

Jdlas L oy Sty ANSI/TAWS 5.1 5yl islw! 5o Leog ) iSdl g4 oo
Qowy g D S5 (o olhe L iwe oo ladwl JoL3 ydwy Ho 4
Qow) s> M8 cgdz H2 oy S luy Lawl JJle jlawn i Lo ool 00l
w— 0/8 L5 %15 ssu> (oyS Hlaie Jold 25,0801 ol dwgs odd o010
Yo OHge po 3 HFw Yo ahe SO sl gar oawy i Ho el

Iy S= o wlue P iyle H LS Le S wl g5 o 04 2w O pw 59
Ol O O gw o o oo Lddwl ppSduy J1 4S8 (Syse Ho L obled sl
0= Ol eSS e ded pladl sy LS 3 oy JoST oladee g 2eh JuSSS s
ol JBlas 4 1y y Ul

O)— &5 ¥ a3 sladg )i

Lo LS (e s 0 DS 04 sl Legas Ty Lao g ) ASI g
Jmo Ko a5y s S e U sy LS olbidas plSSa Ho pS

RN e Sl S5 4 dxSwe oSy ) UiS Lw

37



blaol aogws 5 888 ceglio glae oglis Jadus HOA Z sl 5o S5
S 0 GLAS) 80) W oY e e Quw) 3 0%z Olaw Sl >
S ol slao g )il
= S sy gds s BSber p0 rowy 00 LS Leog S S g a5 (!
slom do and s SO slylo o e Loy ls Josas Jl g5 e 2 s A5
LAl o S
dedoxo 51 ou 8l 38 OHgw 4 1) oS odd dyw g dol> g S Goigas
ol S e LS egg> DS e gl 531 Ge bl odbhe o) A1) 0 o
Doed o Sy Jless ! g LS
cAed s 08wy jler 30 Lol eSS 0 S0 Aoy Lo slao g )i
JSo YL woyo LS oyl e
o1 %50 4 U 50% e
B —gel —dsa S e
po TJS e
JSo YL dwyy Lo sle g il
Wl oad sdbn 4dwo ENi- CL- A 3 ENI- CL ol gie 4 45 LaogisSIl ol
Iy S0 sl Lldde iyl g oswy o (OLSyS Loy 9 Jyiz)
aadld syl g pyd ddols @e> 3E ol ol ol cey o a3l
syl 4SS  lady ) disSIl slao 1y A Gy —owl L oeF sy LS gadle
Ll o w5yl 1 =3% sgus 0eF 5o |y peaiag T
wezr M Swlss S Slel> g paS Aoy sl Ty Leog ) 8STl g Ol

S 0 LS 0l sy LS Guble Sl oud 00l Y wgw)

38



50 Ni-50Fe 5,4 51
wuS35 slas 5 Jsd> 4o gs>y) ENiFe- Cl — A, ENiFe- Cl slss, i<l
g0 o= 0w sglue Oyean gal oy JSo Lioyds slols (bl
b ool Udwe Yo SO0 wop ol slao gy Sl 3 oglaie Lao gy S

P4
ol o YL e s pY Lo Gl S sl ol o g @
deglis Ly 5 pas solSher S0 sloo 1) LesT LaoySSdl oaglia @
coblad o eolddw!l ol s bwSLE Gl sy Yo
Loloe gooran jae OV laldl sl yo Gled o 1y Ladg ) 38l g4 gl @
SLidw! Oygo 53 Lo HLSo JSos sl LIl g Jabwl gopS 4 odz
Lo ¥ ed b pyS Jols slad¥ed 4 guz phoan e OV LaSl Sl
ANSI/AWS ) ENi- 1Cl >y,5d1 51 dbey 0¥ SO ool pobin «&5)
S soaSede 4 dxe ool Losd 031 Qe 042 sy el o (511
oblead oSS odd 000 Qswy e 3D HY ppS Loy LS JaSalS
J3 i dsas oy el ST eoaT 570 5 Jsos %30 olaad ou sy S o
Se STl S S e 00l Qawy e 3B Loy Ty SHl e bluasl oo
— o2l 0% 4 Jso5 30% ooy Lioyyis sl,ls ENiFe-Cl—A 4 ENiFe- Cl
by Laog sl gl o2 =l big Gwl pido aly 38 ol (g Wil
Dl e Ly slaogyisSdl Lo dwlade yo Suz arkd olahd gl ol g5 e

SO Db YL Js
G o S e G ghe gl IS0 oSy s S JS e dy 4o
S-Sl oy ls gl Low! Pans Yo JS S dwpy Lo Le o g )i
Go> 5o debh o 031 a5 Swl pge sy LS uble 45 85 ENi- CI- A
ol Syl olbadae oxS sdxo sle wly ddawss wly g cawly U sla
Guwols Dgagy xS )Yy Sdw g lS Suw 4 Adlue 2l 5 385 o

.J.))SU_A so LS ublo

39



LOow 0 b oajjT oS a_b.mg_é_l_“)_i,odl_a 4_:9_,0\_36 oy led Jgd> o

Table 6 Mechanical properties of welds obtained with nickel-base electrodes used in SMAW of cast irons

Hardness for type of weld metal indicated

Multiple layer weld(a)

Yield
Highly diluted bead Moderately diluted bead Weld face Root surface Tensile strength (0.2% offset)
i i — — - Elongation in
Electrode HY HB HY HB HY HB HV HB MPa ksi MPa ksi 50 mm (2 in.), %
ENi-CI 220 209 182 173 B s BN 276(b) 40(b) 263(b) 38(b) 3-6(b)
ENiFe-Cl 364 345 209 199 183 174 187 174 400-579(b) 58-84(b) 296-434(b) 43-63(b) 6-13(b)
449-500(c) 65-72(c) 310-358(c) 45-62(c) 8-19(c)
544(dy 79(d) 420-462(d) 61-67(d) 6-10(d)

(a) Butt joint of 12.7 mm (' in. ) plate using 60° V and 4.8 mm (¥4 in.) root opening. (b) As-welded condition. (c) Annealed at 900 °C (1650 “F) for 4 h, furnace cooled. (d) Annealed at 845 to 900 °C (1550 to 1650 °F) for 3 h,
furnace cooled to 690 °C (1275 °F) for 5 h, fumace cooled slowly to 595 °C (1100 °F), air cool. Source: Ref |
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Table 7 Composition and mechanical properties for covered copper alloy welding electrodes used in SMAW applications to join cast

irons
Mechanical properties
‘Composition, wt%(a}(b)

N — Tensile strength(f) Elongation in
AWS Other Hardness, 50 mm (2 in.),
classification Cu + Ag Sn Mn Fe Si Ni(c) P Al Ph(d) elements total(e) HB MPsa ksi %(f)
ECuSn-A bal 4.0-6.0 0.25 0.05-0.35 0.01 0.02 0.50 70-85(g) 240 35 20
ECuSn-C bal 7.0-9.0 0.25 0.05-0.35 0.01 0.02 0.50 85-100(g) 280 40 20
ECuAl-A2 bal 0.5-5.0 1.0 7.0-9.0 0.02 0.60 130-150(h) 410 60 20
ECuMnNiAl bal 11.0-13.0 2060 1.5 1.0-2.5 5.5-7.5 0.02 0.60 160-200(h) 520 75 15
(a) Per specification A5.6. (b) Single values are maximum percentages. (c) Includes cobalt. (d) Must be included in determining the value for total other ¢k - () Maxi (f) Mini; () 4-9 kN (500 kgf) load. (h) 30 kN

(3000 kgf) load. Source: ANSVAWS A5.6-84
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Table 8 CGCMAW parameters for nickel-base electrodes used to weld cast irons

Electrode
Electrode diameter

Wire-feed speed extension Travel speed
Shielding - T Arc Current(a),
mm in. gas in./min mm/s voltage, V in. mm in./min mm/s
0.9 0.635 TS5Ar/25C0O, 300 130 24 130 s 13 15 6.5
400 170 25 160 Vs 13 t5 6.5
500 210 27 200 Yy 13 15 6.5
CO, 300 130 24 125 'y 13 15 6.5
400 170 2s 155 i, 13 15 6.5
500 210 26 180 s 13 15 6.5
575 245 27 200 YV, 13 15 6.5
Argon 300 130 26 150 Vs 13 15 6.5
400 170 27 190 Yy 13 15 6.5
500 210 28 220(b) YV, 13 15 6.5
575 245 29 250(b) s 13 15 6.5
1.2 0.045 TSAr/25C0O, 250 105 27 180 EA 16 15 6.5
300 130 28 190 g 16 15 6.5
350 150 29 220 Sy 16 17 7.0
400 170 30 240 g 16 20 8.5
500 210 32 280 KA 16 25 10.5
CO, 250 105 26 165 “a 16 15 6.5
300 130 27 180 KA 16 15 6.5
350 150 28 220 g 16 17 7.0
400 170 29 230 Y 16 20 8.5
500 210 31 270 Vg 16 25 10.5
Argon 250 105 27 190 s 16 15 6.5
300 130 28 220 iy 16 15 6.5
350 150 29 240(b) g 16 17 7.0
400 170 30 275(b) A 16 20 8.5
500 210 32 310(b) g 16 25 10.5
1.6 0.062 75Ar/25C0O, 150 65 27 235 Ve 16 17 7.0
175 75 28 235 K 16 17 7.0
200 85 29 285 Y 16 20 8.5
225 95 30 320 e 16 25 10.5
CO, 150 65 27 220 e 16 17 7.0
175 75 28 245 e 16 V7 7.0
200 85 29 265 Fa 16 20 8.5
225 95 30 285 g 16 25 10.5
Argon 150 65 27 240 Ste 16 17 7.0
175 75 28 265 e 16 17 7.0
200 85 29 300(b) e 16 20 8.5
225 95 30 350(b) Sy 16 25 10.5

(a) Polarity, DCEP. (b) Spray transfer. Source: Ref 1
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Table 9 Composition and mechanical properties of copper-base electrodes used to join or surface cast iron in GMAW applications

Mechanical properties
Composition, wt%(a) -

Tensile strength(c)
AWS Other Hardmess, —
classification Cu + Ag ZIn Sn Mn Fe Si Ni + Co P Al Pb elements (total)(b) HB MPa ksi
ECuSn-A 93.5(c) (d) 4.0-6.0 () (d) (d) (d) 0.10-0.35 0.01(d) 0.02(d) 0.50 T0-85(e) 240 35
ERCuAl-A2 bal 0.02 1.5 0.10 9.0-11.0  0.02(d) 0.50 130-150(f) 415 60
ERCuMnNiA| bal 0.15 11.0-140 2040 010 1.5-3.0 (d) 7.0-8.5 0.02(d) 0.50 160-200(f) 515 75
(a) Single values are i 1. (b) Values, includi

g el marked with (d), shall not exceed value specified. (c) Minimum. (d) Total of these elements cannot exceed those in (b). (e) 4.9 kN (500 kgf) load. (f) 30 kN (3000
kgf) load. Source: Ref 1
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Table 10 Typical welding parameters for FCAW of cast irons with nickel-iron-
manganese electrodes

Electrode
diameter Wire feed speed Current
AWS position
mm in. Weld type specification mm/s in./min A Polarity Voltage, V
2.0 Yoa Flat butt or fillet 1G,F 101 240 300 DCEP 30
2.0 Ysa Vertical butt or fillet 3G,F 55 130 180 DCEP 18-25
2.4 ¥, Flat butt or fillet IG,F 90 215 320 DCEP 32
2.4 Y5, Flat overlay(a)
First layer 88 210 250 DCEN 29-33
Remaining layers 113 270 350 DCEP 28-30

(a) Oscillation recommended: 19 to 25 mm (¥ to 1 in.) width, 26 to 40 cycles per minute. Overlap previous bead 6.4 to 9.6 mm (Y to % in.). Source:
Ref 1
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ASM Handbook”

Volume 6
Welding, Brazing, and
Soldering
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