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Welding Technology of Carpenter 20Ch-3
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Carpenter 20Cb-3 is useful for chemical industries, because of their excellent corrosion resistance.
We studied susceptibility to hot cracking of Carpenter 20 Cb-3, using method of Circular
groove test, varestraint test and overlay test by large ring specimen.

Then we found that full austenitic suructure, low Nb Content and multi layer are responsible
to the hot cracking Welding rod having low Nb content is to be selected for welding Car-
penter 20Cb-3’s succesfully, and special alloy should be used for first layer to build up defe-

ctless overlays.

This paper described the technology recently completed for the welding of carpenter 20Cb-3
as well as its characteristics of metallurgical and corrosion resistance.
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Table 1 High corrosion resistant material

(1) Super ferritic stainless steel
(2} Duplex stainless steel

(3) Austenitic stainless steel
{4) Nickel based alloy

Code

:tﬁ) _‘I T T 1 1 1 T T T T ) T T T T T T 1 Ll i A”Dy Tradmark .

44 Incoloy 825\0 5 Jis ASTM
e 7 (o] 19G-2Mo NTKU-2, NAR192 SUSH44 | A240 S44400
?3 gg: Carpenter 20Cb3 A 30Cr-2Mo Shomac 30-2 SUS447J1 | A240 S44700
x asl © Sanicro 28 (o)] 23Ce-8Ni-Mo (Dopl SUS329]1 | A240 S32900
S ur 22Cr-5Ni-Mo-N plex) SUS329J2L | A240 S31803
Q 30k NARZDZ5MT 18Cr-16Ni-Mo NTKM-5, NASI44MLK | SUS317J1
x gg: (BMTI—g 20Cr-18Ni-Mo-Cu Avesta 254SMO A240 S31254
s O Austenite 9 L——o0 20Cr~22Ni-Mo-Cu NTK224
z 2r 20Cr-25Ni-Mo MAR-A (20-25MT5) B620 N08320
S 2k 20Cr-25Ni-Mo-Ca NAR20-25LMCU B625 N08904
! 13: ® 25Cr-30Ni-Cu Carpenter 20
z 20Cr-30Ni-Mo~Cu-Nb | Carpenter 20Cb NAS305X, NAR20, MA20Ch
3 1 20Cr-35Ni-Mo-Cu-Nb | Carpenter 20Cb3 | NAR20-3, MA20Ch3 B463 N08020
5 0p 25Cr-25NiMo NAS204X
= g 21Cr-33Ni-Ti Incoloy 800 NASHV30, NARS00, MA800: NCF800H | B409 N08810
3 g 21Cr-42Ni-Mo-Cu-Ti | Incoloy 825 NAS405E, NARS25, MA825| NCF825 | B424 N08825

2 .| 27Cr-81Ni-Mo-Cu Sanicro 28 B709 N08028

0§74 6 8 10 32 14 16 18 20 22 24 26 26 30 32 34 36 38 50Ni-25Cr-Mo-Cu-Ti NAR-B(25-50MTi) B528 N06975

72Ni-15Cr-Fe Tnconel 600 NAR600, MAG0O NCF600 | B168 N06600

Cr Equivalent = % Cr + % Mo + 15% x Si + 05x%Nb {4)| 61Ni-21Cr-Mo-Nb Tnconel 625 NAR625, MA625 B443 N06625

_ Ni-16Cr-16Mo-6Fe Hastelloy C-276 B575 N10276

B1R v=77—REX | Ni-16Cr-15Ni-Ti Hastelloy C-4 B575 N06455
Fig. 1 Schaeffler diagram
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Time to crack initiation (hr)
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Fig. 3 The bishop-stern chart

Fig. 2 Stress corrosion cracking test result of austenitic stainless steels.

(Boiled in 42 % MgCls2)
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resisting chromium and chromium-nickel steel wel-
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Test condition : 3 % FeCL3 at 50°C for 48 hr.
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index.
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Table 2 Chemical composition of welding materials

! !
No.|  Trademark | C |SiiMo| P | S |Cu| Ni|Cr |Mo|QP \K |®}/
20 | Chromenar 320 | 0.0160.230. 35| 0.016] 0. 002f3. 17]33. 09[19. 55]2. 18[0. 50 I
5X | Weltig 305X 0.03 [0. 46/1. 72| 0.012] 0. 003(3. 45{29. 78120. 64{2. 16{0. 76 450
X3 | Weltig 305X-3 | 0.02 [0.392. 00/ 0. 009 0.0043. 64]34. 0120. 21}2. 49)0. 40 o
LR | Weltig 320LR 0. 001 0. 0023. 34(33. 97,20. 51(2. 4600. 13

0. 012|O. 09,1. 59
0.0160. 55‘2. 71| 0. 007,
0.02 IO. 072. 91} 0. 002

30 | TG-30

82 ! Inconel F.M. 82

0. 004:3. 50|29. 73/20. 41{2. 49
0. 061/0. 03(78. 17|20. 33] —i2. 53

A : Carpenter 20Cb-3
B : SUS304L, SM41B

25 ’ Inconel F.M. 625 0.02 10.110. 06! 0. 006| 0. 001/0. 15/61. 91|21. 76/3. 96/3. 51 £5 O B s BR
B2 | Hasteloy B-2 <0.01 0.050.2 0.01 0.01 | —| bal | 0.5 {26.7] — Fig. 5 Circular groove test specimen
dimensions
3 F HABM 0PRSS (%)
Table 3 Chemical composition of filler metal (%) 100F -
Trademark C Si Mn P S Cu Ni Cr 1\60 N}I)\ICb -
SANDVIK 3.26 |0.008 & I [ Carpenter20Cb3 — SUS304L
SANICRO28 0.017] 0. 036! 1.66 | 0. 015[<0. 002| 0. 91 | 30. 82| 26.55 0. 0067] 0. 037 _§ B F 7 , —_ SMAIB
ARCOS 217 |03 < [ i =204 )
320LR 0. 015 0.073 1.70 | 0. 009<0. 002 3.17 | 33.20| 20. 130' 0024 0. 015 g st (Speed 12~ 79 /i
WEL 2.43 10.38 &
320LR 0.018] 0.42 | 2.02 | 0.007} 0.002; 3.47 | 34. 37| 19. 88| 0. 0072 0.015 g |
WEL 218 076 = |
305X 0.024] 0.49 | 1.76 | 0.012; 0. 003| 3. 33 | 30.29| 20. 66 0. 0065! 0. 037 m
WEL 2.30 | 0.44 e (b2 o [
305X-3 0.031] 0.40 | 2.03 | 0.009( 0.003| 3.16 | 34. 34| 19. 880. 0037] 0. 029 0 S S U o % il
TG-30 0.016| 0.55 | 2.71 | 0.007] 0.004| 3.50 | 29.73 20. 412 3378<8' 000 |EE FIENAEERER
: : Fig. 6 Circular groove test results
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Table 4 Welding condition for varestraint test specimns

S5 K FFUANVR VAL VRRES

Table 5 Trans varestraint test condition

Welding current 150 A NO. of layers Welding current 200A

: TIG Weldi ) F
Welding voltage 15~13V welding elding voltage 7v ™ v |

- Welding velocit 10 cm/min| e +t
Welding velocity | 8~10 cm/min condition id d / [_l___—ff?; i
s Welding materials | ¢ 3.2 mm R
H 3 TN PE i
Welding material | ¢ 3.2 mm N2 Radius bending 400 mm Overlays
Preheat temp. No Strain Strain 1.95 % iChieck :E
Interpass temp. <20°C addition | Strain rate 300 mm/s
Strain addition time| Agar :éz start

Total crack Jength of welding materials {ga)
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Relation between welding
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Relation between welding
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test
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Fig. 10 Relation between total crack length
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(2) TIG overlay (3) Spot varestraint

and Nb content by spot varestraint
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Fig. 11

Carpenter-20Cb Mig overlay ( Base metal SS41)

{0.012C — 0.13Ch)

(0012c - 013cb ) (0.012€ ~ 013Ch) (0012 — 0.13Ch)
{__Inconel 82 ) ( Inconel 625 ) (0.012C — 0.13Cb)

SS41 SS41 SS41
MIG overlay on SS41 base metal areas 10 X 10cr
Inconel 82 Inconel 625 Law C. 20Cb
+ Law C. 20Cb + Law C. 20Cb 3 layers
~ OF F F
E I -
p 2 . 3
s 32z Z] d
3 4 Z}Z) -
z 5 2 A Z]
= 6 2 EA2 A A
] 78 ] ez
L I - ez
10 20 0 10 20 10 20 30

No. of defects

YIBRED OMEEZEA TEO LICERE 20 Cb(0. 014
%) #REBY LicRORHaFRERE
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