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Intergranular Corrosion Behavior of Low C, N-17%Cr Stainless Steel

Takashi OKAZAKI, Masanori Mivossl, Hideo ABO, and Taku HIRAI

Synopsis:

Intergranuiar corrosion at weld zone of 17% Cr steel was investigated. Commercially produced 7%
Cr steel (SUS 430) contains usually about 0.06~0.08% C+N and is fairly resistant to intergranular
corrosion at weld zone in actual services where the environment is not severe. On the other hand,
1724 Cr steel containing 0.01~0.069, C-+N, is quite susceptible to intergranular corrosion at weld zone
in mild corrosion environments such as tap water. The experimental results indicate that this can be
attributed to the decrease of martensite at weld zone. The martensite (austenite at high temperature)
acts as the absorber of C and N, and prevents the deposition of Cr-carbide or Cr-nitride at grain
boundaries on welding. Therefore, 179 Cr steel containing martensite at weld zone is more resistant
to intergranular corrosion than 179 Cr steel, the structure of which is fully ferritic at weld zone. The
amounts of Ti necessary to prevent intergranular corrosion at weld zone was also determined. Electro-

chemical measurements gave results that agreed with the immersion test.
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Table 1. The chemical composition of 179 Cir steels.

(Steels were prepared to study the effect
of C, N, Si, Mn and Ni.)

Alloy Chemical Composition (%) o N | Martensite™
clsifmn] P [s |orINi] 8 | (g | votum %
A—1[00s0]0.23 |041|0.002j0010)16.68/0.23 [0.009] 0059 15
2 |0048|078 042 ~ | » hi634|0.09 j0.015] 0083 13
8|0050|067[0.51] ~» [000716.10] ~ [0.018] 0.068 13
B—1{0026/029 [0.00 ~ 0.008)1630[0.12 {0.615] 0.041 3
20027(0.39 [0.82] ~ loniof1643j0.21 fo.012] 0039 3
8(0023|040| ~» | ~ ” # 1042 10016 0089 8
C~—1{0004|0.12 [0.48[0.001] ~ |1651[0.12 [0.008f 0013 0
2! » | » |o83looo2| ~ [16.250.45 Jo.016] 0.020 0
D--1[00| ~ |0.82]0.009p.015/16.400.10 {0.010) 0.030 0
210023]013 |00 ~ po13[i1626/0.30 {0.009! 0.032 2
3| ~ |os5|0.82|0010p.0151635 ~ [0010! 0032 1
.E—1[0006(0.13 |0.38|0.002.010[1639|0.0080.005 0.011 0
2|0004l0.12|042| » | ~ |1651|028 [0.007] o011 0
8| ~ 7 1086 » 7 |1625{0.69 ” 0.011 0
F— 1]0010(0.46 }0.45|0.021/0012[17.05/0.08 Jo.0os [ 0019 0
2|oo2| » | » |oo19| ~ hesojoos [0.010f 0040 1
310051 ~ # 100210013| ~ » 10009 0.060 8
G—1[000s| » {0.43/0019] ~ [17.00{008 [0044] 0049 0
2| » loa7| » Jo.ozopo12h7os| ~ lo.os2] 0057 0

* Martensile volume % is delermined by the area ratio of
mariengitic structure to ferritic structure at weld
zone wetermined by point caunting method.

Table 2. The chemical composition of 179,Cr steels.
(Steels were prepared to study the effect
of Ti addition.)

Chemical Composition (75)
C |Si|[Mn{| P S |{Cr [Ni| N |Ti
H—1]0019{045)|0.54|0018{0009]1643}0.16{0.019009
2 ~ (043|059 » | ~» |16.39] » | ~ (0.6
0017(0.29
I—11]0008|057 {052({0016] »~ |(16.60{0.27]|0.018|0.10
210010]|0.58 {0.53| ~# # 11651} ~ [0015)022
3 ” ” 4 ” » (1660 ~ |0014]0.32
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3(0.010(0.16 [0.20|0015/0.010|16.70| » [0.006|0.15
K— 10005052 |053]0018]0.009{15.95]0.12(0.008 {0.02
2 7 #” ” ” 7 115851 ~ (00071003
3 7 (053] » 4 77 11595 # 71007
L.— 1}0.005|0.17 | 0.21 [0.020(0.00816.70 | 0.09(0.003 |0.00
2 ” ” ” ” 27 11650 ~ 7 10.10
3f » 1022 » 7 (16.30| # 7 (017
0.009| » #” 7 10.25
M ]0011}0.62|0.20 {0.025/0.006/16.70}005|0007 {0.30

3 7 1047 ” " 7 2”7 7”

4 ” " 4 ”

All alloyes have no martensitic structure

at weld zone.
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Fig. 1. Schematic illustration of specimens.
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Table 1 ¢ A-3 §i (C+N=0.068%),B-1 # (C+N
—0.0419%) %X E-1 § (C+N=0.011%) %\ T

Hz804 - Co8SOy Test  (JI18)

as Weld

Photo. 1. Intergranular corrosion of A-3 steel
(0.050C-0.018N-16.1Cr) in H,SO,-CuSO,
test.
Intergranular corrosion is not detectable
in tap water, 2x 10t ppm Cl- solution,
tap Water\;bubbled SO, gas, and atmos-

pheric exposure.

HpS0; - CuS4 test (JL1S)

o L

)

(SOz bearing tap water

as weld

Photo. 2. Intergranular corrosion of B-1 steel
(0.026C-0.015N-16.3Cr) in various cor-
rosion environments.
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binbh. Xbiz, E-1 SOBAE, EEEL E . L— b
ZMTICH TR ERIIFED LRI D703, Bk -5
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FRIGENRREL TS, MRBEBRH/ DI 2 05 H Y
Photo. 4, 5 iZ71¢.

Do EBRER L b ko 3 Snimxnsg. (1) B-1
3 C+N s 0.0419 & A-3 g 0.068% X b 1
Lo d b bLT, A3 X VRRBRESKE
Ve (2)RIRIS RSB HAZ BEkchb. (3)
A-3 HORBEER TR LT o34 M (o)) BEDIE

as Weld

Photo. 3. Intergranular corrosion of E-1 steel
(0.006C-0.005N-16.4Cr) in H,SO,-CuSO,
test.
Intergranular corrosion is not detectable
in tap water, 2x 10¢ ppm Cl- solution,
tap water bubbled SO, gas, and atmos-
pheric exposure.
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Intergranular
after 14 days

immersion,

Photo. 5. Intergranular corrosion of B-1 stee
water after 17 days immersion.
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A-3 steel (0.050C-0.018N-16.1Cr) , .

PN

Grain grawth region
of heat affected zone

D~1 steel (0.020C-0.010N-16.4Cr)

Photo. 6. Microstructure at weld zone of 17%Cr steel.

I

Deposrited metal

HAZ (Base Metal side) Base Metal

Photo. 7. Microstructure of A-3 steel (0.050C-0.018N-16.1Cr).
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Photo. 8. Microstructure of B-1 steel (0.026C-0.015N-16.3Cr).
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THAZ (Base Metal side)

HAZ (Deposited metal side)

W’Base Met.al

Photo. 9. Microstructure of E-1 steel (0.006C-0.005N-16.4Cr).

wmt s Fig. 2 0oX s 5.

DD 2 FH TR T 57D,
C, N g&lrbic, Si, Mn, Ni §&#ZXT HAZ o

much

Susceptibility td intergranular corrosion

Area ratio of martensite

s
@
a

&
®
N

large

Grain size sl HAZ

Concentration of precipitatos al. grain

Croin size at HAZ
boundaries

Grain boundary area

small
C+ N content of 17Cr steel

Schematic representation of effects of C+N
content and microstructure at weld zone on

susceptibility to intergranular corrosion of
179,Cr steel.
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0.075

or |
(LG.C.]
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N: 0044 ~
0.052%
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0,04 — o

0.03x

C+ N content (%)

/ (No LG.C)
0.02)x /
X

/
0.0lé ’/

0 4 8 12 16 20
Area ratio of marlensite at HAZ (%)

QO : 1.G.C. is not detectable under all test conditions

% : I.G.C. is detectable under all test conditions

A 1 G.C. is detectable at 90°C
I1.G.C.=Intergranular corrosion

Fig. 3. Effect of microstructure at HAZ and C+N
content on the intergranular corrosion at
weld zone of 1794Cr steel.

Test conditions: tap water at 30°C, 2x 104ppm
Cl- solution at 30°C
tap water at 90°C, 600 ppm
Cl- solution at 90°C
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N Y
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(=]
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Fig. 4. Effect of Cl- content and test temperature
on interanular corrosion at weld -zone of
D-1 steel.

(I.G.C.=intergranular corrosion)
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D-1:0.020C-0.010N-16.4Cr
@® : Specimen is oracked by intergranular corrosion
after n days

Fig. 5. Cl- content-test temperature-intergranular
corrosion diagram of D-1 steel.
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0.056
0.05 -
(LG.C. at Deposited metal and HAZ)
0.04 s /
[_J L} L
@ a
- [ ]
S 003 -
E (1G.C. at Deposited
s p matal)
= a A
+
© 002 o =2
o]
% a o kQ'Q\
® ©° ~%
0.01 G,(V\
fo) o} o]
(no 1.G.C.)
0
-0.2 -0.1 0 0.1 0.2 024
Amount of soluble Ti (%)
@ [.G.C. at Deposited metal & HAZ,
A 1.G.C. at Deposited metal,
O no 1.G.C.
(1.G.C.=Intergranular corrosion)
4
soluble Ti:"]‘i—‘ixC—%XN
Fig. 6. Effect of soluble Ti and C+N content on

intergranular corrosion at weld zone of 179
Cr steels after immersion for 14 days in
20 000 ppm Cl- solution at 30°C.
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EOLELNEINTVWEHERTHSS. HMRBRLZE
T 52 Ti FmER, C+N BRTEHEFE
JoRRET, BRI Ti & LT 20x (C+N-0.01)9 L)
EUBEETHEbA S, BEEOEE C, N2EHE
TiRE(LME LCEET BRI, C+N BRI TE37E

B LThoigEo Ti % 20x (C+N—0.01)9 pJ |
WMT 5 LENRHHILEETLTWS.
3.3 BHOMEIZDNT

IR BT W7 FREER A 3 X U g sl B 13,
LD ITISNTBRENABRRE ORRCL>Tv 5. FiRER
BRAIE, IRAPRICIBENEZ B T LT X DIBERYEH
52 bDTHY, UhiFREA L, KV h—F A
PRIAV -9 v NTHWE L, BHEROBEIChE S5 2T
Wb, HEESREEZ RT3, Photo. 2 iR X 5T, 33
RECHASE VB LVCRRBEEZS I LTWBH T L,
T, HNABRCERLTED SN DERD, BEHT
BRLHENARUD T L EPSIENOREL 3 5 &
7z-

Ui LisA 6, 1EEEMZ Y10 H U CEERR ot
KEWTH, ERETHABENR D b /. S
17Cr SO EEEN RBRECH LT, b5 BREOHES
D, TOIRFERII/PIZVWLEDOTHAS.
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17Cr DK C, N fhic X 2 RIG AR oA L,
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L7z Fig. 7 BEYERETRDz A-3 8, D-1 4§83 Xk
U M OB CdH D, PLELEN o A B RE & I8 ) e
Bhrx Table 3 (iR L7z, & 2 CllE SN L FREEY
BB ERFEALVY, BT ORE R 5F 2T, D-1 MWighs
iz 2w Tid Cr KZMOEEBWHRICHIET 50 TH
5. thoP MO EIXILREL LMBIRTE 5.

4X10°
D-1]a-3|M Y “
Weld Zone] O A& |o Vg
Base Metol| @ A |8 A
1P D-1: 002C-0.0IN- 164 Cr L
A-3:0.05C- 0.018N-16.1Cr §
M : 0.011C-0.007N / 4
-167Cr-Q387Ti 1
g A
5 X H
%3XIO 4:
Shaar i
!
> /
z 1 !
& $
2 !
g Pl
te I’ 1
1
T
f
'
L& O-OLO-080 Ot
-0.8 -06 -04 -02 0 0.2 04 06 0.7
Potential (Vvs. 8.C.E)

Fig. 7. Potentiodynamic anodic polarization curves
of 179 Cr steels obtained at a scanning
rate of 50mV per min. in de-aerated 1000

ppm Cl- solution at 50°C.
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Table 3. Break down potential of A-3,D-I and M
steels in 1000 ppm Cl- solution at 50°C
determined by potentiodynamic polariza-
tion method at a scanning rate of 50 mV

per min.
Break Down Potential
(Vvs. S.C.E.)
Aloy
Weld zone Base Metal
A — 3 _
( 0.050C—0.018N—16.1Cr ) 0.05 +0.12
D - 1 _ _
(0.020C—0.010N—16.4Cr ) 0.20 0.10
M
(0.011C—0.007N—0.30Ti) +0.10 +0.17
Table 3 X p, D-1 fMEHER, AMHEbTHED

BHEEZRLTVWS. X5, BERESMBETO.1V
DEHRD Y, BHECELS Cr REFBERETRLTWS &
Eaxbhn. A-3 8%, B 0.12V Eic D RE
Ri% RT DR L, SIERRE —0.05V LM {Ex R L,
B X AT RS ILOBEME S PR 5.

M g, Ti i X 5 KESIEBPEMER LT
WHToDIT, HIER, BMERE i 0.10V Ll Eogix
FEREKEHEEMNE T L, MEESREDRIED LN
D, MEIZ /o, BEREBMEOER/IIWVWT & B
WMTH5.

A-3 g, D-1 kX0 M HOBEBIMERZRE
Fig. 8 i=m¥. BRESE, WEpask VhBEcwd
hofHd —0.18~—0.20V (vs. S.C.E)D—5EfE% T L,
¥ 17h 8@+ 5 & D-1 AOBERENIS BN TS T
L. ZRHRBERO BE-4R E2RTHDOTHS. D
-1 oA, EHNiRE» S 17h a3 2R TEEE
Piht, B OTRENREE ERIEBILIEVWEEZRLTE

1000ppm Ci, 50T, Air Open.

Corrosion potential (V ve.S.C.E)

- 1 1 [ ¢ 1 s L "
04 —S 55 T o1 .
Time (hr)
A-3:0.050C-0.018N-16.10Cr
D-1 : 0.020C-0.010N-16.40Cr
M :0.011C-0.007N-16.70Cr-0.30T:i
Fig. 8. Corrosion potential-time curves of welded
1794Cr steels in 1 000 ppm Cl- solution at

50°C.

9, MARRORE-EEXRTHEINS. A-3 FOER
TREE —0.22~—0.18V(vs. SC.E) 2B L, M &
OFEERT —0.20~—0.11V(vs. S.C.E)) 0o&Eic&
FHLX5THD. A-3PBICM gNT, FEREd Bk
BESL L BREMD EHAEL, D-1 gt Ba X 5%
BREIBELLWEEZILAD.

. &

17Cr DK C, N {biz & L7 SFREBAEc OV
THEL, UTogEmzEx.

(1) 17Cr #i3 C+N #28 0.01~0.06% o & X%,
T OIFETE, AEKDO X S BIFEFEHCBELSMETIC
FOTLEHTHRBRETEAET 5.

(2) & C, N-17Cr SAOFEEHI R, Mo
Zibic X 4T3 0TH 5. BED 17Cr g7 (SUS
430) DIFEBGEEESMENT, 7254 b—w T B4

FMEITHD. = F 94 P(ERBA—2AFF4 )
MG N oBNEE LTHE, 7254 bho C, N
BEERTIERRE~D Cr- RELDITHE X 25,
& C, N-17Cr BHOBEERMAMT 7 =54 F BifEE
5. 7274 b~ C, NoOBEIFEZIER T DT
B, BRI Ed Cr- RELMMBITH L, Cr REED
REns o ticlsd. Lihn>T, #£C, N-17Cr 8
R ABRRZESKEL LS.

(3) & C, N-17Cr SADiBERRBRE, 722
RANCHET & S FIRBE R i LB 7 TidhngEr,
17Cr AAEB I HR TV 5% AR5 &,
AR R L B 0 SRR T B

(4) {XC, N-17Cr O R BHRMZHIX, B R
fhits UM A EROBIES R, OiHkETED. F£
ZEICENE, B & B & TR S v, R
C, N-17Cr #1% X C5iH o 17Cr 1 (SUS 430 #83Y)
T, BEROH &ML LEm SR .
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