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Effect of Nitrogen Addition on Localized Corrosion Behavior in SUS316L Stainless Steels

Masahiro Martsusuima, Hideo Suiromo, Hideo Satoand Yo Tomora

Synopsis

Key words :

1. #

T

: The effect of nitrogen addition up to 0.556 mass% on corrosion behavior in SUS316L type austenitic stainless steels was

examined, where a particular emphasis was put on chemical analysis of an anolyte by the macro-cell method. It is found
that the pitting potential becomes higher with an increase in nitrogen content. The critical pitting temperature is
elevated by nitrogen addition and well summarized by using the pitting index of Cr+3Mo+26N(mass %). From the
analysis of the anolyte cell solution by the galvanostatic electrolysis with macro-cell instrumentation, NO; is detected
only in nitrogen bearing steels when the potential is kept at a higher level, while NH," is detected in nitrogen free steels
and in nitrogen bearing steels when the potential is lowered. The potential-pH equilibrium diagram for nitrogen-water
system shows that NH,* is stabilized at lower potentials and NO;™ is done at higher potentials. It is believed that NO;~
acts as a powerful inhibitor against Cl~ attack to the passive film while NH,* raises pH in a corrosion pit so as to suppress
the localized corrosion.

austenitic stainless steel ; nitrogen ; corrosion resistance ; localized corrosion.
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Table 1. Chemical compositions of steels (mass%).

Steel C Si Mn P S Ni Cr Mo N
A 0.014 | 061 | 0.95 | 0.002 | 0.0006 | 12.25 | 16.98 | 2.35 | 0.015
B 0016 | 0.63 | 1.01 | 0.002 | 0.0007 | 12.59 | 16.92 | 2.37 } 0.198
C 0.014 | 0.58 | 1.05 | 0.004 | 0.0009 | 12.90 | 16.64 | 2.35 | 0.556

PR 9 F12H10H 24+ TRK104E 4 3 2 H 28 (Received on Dec. 10, 1997 ; Accepted on Apr. 2, 1998)
% =X 2 (k) ML (Engineering Dept., Nidak Corporation)
* 2 EWICERFEA GBI @A - RBBEREEM) (Graduate Student, Ibaraki University, now Power Reactor and Nuclear Fuel Development

Co.)

* 3 FIMAE T (Faculty of Engineering, Ibaraki University, 4-12-1 Nakanarusawa-cho Hitachi 316-8511)

46




EPHE(C) T 1343K (A), 1423K(B), H 5 131523K (C)
T2 6ksIREFDIAMALALE 2 /i L 1ok LTz, 2 6 Dl
FHLXGEEF 30 £ OB A5 EFRAMSE 2 AU IcHRBEL L £
O TR OE, B 7 =74 MR sy
F—2FF A4 PEAHETH -2, A, B L UCHDASTM
SEHHE SRR 2 L E NS, 27TF & O 110umT H - 72,

MemmaEtE T 2 EBHZ0OME PR~ HIT, 303
(£ 1)KD1.0%HCI E5.0%H,S0,D & AriAiEik % v
7 ) — FRRilE 247 - 12, RBRA GBI, KA
1 mmBFH] USSP T # 1200 X THRIES L 721k, 7 & b~
THlg L1z, 20, 72V vBORvE—IZy P L,
10 X 10mm o ZRERTE % € 1R L2 18 SFFIEAR # 600T e
BEL, b CERe iz v b LT, FRHEEARIIIALM A
o X vERRPER LY, UTFTIREMY T THERER
TRREMACRE L TR .—0.457VT0.6ksD A ¥ — AL
BATo 121k, ASREMTO. 6ksiE L T 6 RT ¥ o a AKX
yhE7rrryaryYoir—&—FHvTERLUREE
FE0.33mV/sOBNEMETT 7 — NatkEiT- 12,

X000, iR ERIE Rt 2 FRE T 5 B T303K % & U323K
D3.5%NaClod & Arli Az % FH C 12 RBREE 24T - 72,
SRER P (ERL H i & VL R Bl L RERT D B A7, B
BEBRTOTSEEEXHIET 5120 12323KD30.0%
HNO,H 27, 2ksiskig L TABIE LRI 247 - 12 iih s b
RERGMEL, Y —FOEPITORCI LRV TLEAD
77— NokeilE L AT H 5, WER, TNTORBRK
AP L TORREERGEEE R T, TEIBRAEYELC TV
VI oERRER LT, ILEEMORER, 7/ — Pkt
R TEREEIOLA/cm? (Ve b 1004 A/cm?(V’eigo)
CHIST B, FnFENb o L bELEME LIS, 272, 1
R 0% ALE 2 SRU i (EMB0 . 053 E) & I v THR
FLEIEIENE #4175 12, BB I Lok o fLREARGE L[
BEDFETIER L, Jargelius & 55T - 12 ERRG 5L,
T b biEiR27TSKTOBRENMD 60. 33mV/sT1.04VET
AL, FiEECL 2ksfREE L, 2KAT v THUW LT
1001 A/cmzbl D B DAL HER % e R ILEUIL £ IRE
L7,

Kz, NGO BERE LI 2t VEREITS 1. 2
OFFEROT SEBE I 2 NEEROELL, Fili
EpHOE FOE#MPLCI DBMir B Iav—1FF210¢
SEhilTH b, MELELBEOEERVHONIFFRYD
5. BRI, I ATA R ATHEEREERD D
ST o0, T EBMNICHYET 2ERI.SXI0PLDOT
J—FE L 3B AEL T A RE2.5LD S Y — FED
L, 77 —FNEBIZRATT AR, Y — FEIZIZO0 P A
B2 UZNBEFL.7X10-3L/s, 3.3X107*L/sDifiE T @5
L, ek B MR s ¥z, 7/ — FiZalsm 9 cm?*d
RERPS, v — Nt dem2O S BEMR L L, BRRER
BEO: + TREREEALRAL Y > LD TERRTEM

47

SUSSILA R 7 > v A MO RSB EFEH - RETERRMOME 517 Ml

L LT, BHOKAS SREMESRECIE L T0.12~100mA
ORBATHE L, NFILLOWMEIL S E, JORMT
OZALr pHOE FRCI- Dk k@b vt
X T B, EIRTEE, NaClORkatEE) £ A 4 2 kT
i1 L 72Cl- i RE200ppm (0. 0056mol /L) , 1000ppm (0. 028mol/
L), 10000ppm (0.28mol/L) D&, BRI IZIX303K & L12,
RERPILIRR AT #8002 THIEEL, 7 & b CTHRETR,
TR 4T - 720 RERIH IR VI ES K OD # 800 T At fift
BEX 4T, AA v MABTPHREREEL, HREBTOT s
R % B ¢ 72D 0D 2 DR R HGRRITEERI T B L T2, 2
NoL O, Eb IDEREECLy ML TERPIT- 1
FERIC TR, T/ —FNEEH Y —FROHEWRE, £060D
BARBCRDIE, BbHLznZnproRGIR LIS

SRER P b IR 68 5 B, A A R THRER L
s, 2L TRBBROERMWERIT-12. 7/ — N
=Els o W TpHZRIE L, ClIRE & fiER S 2 IREREE TR
s LRIE LI, 21, —EOBRCOCTE, 414
ya= 2574 —(IC)HHEEI L HCIT, NO;, NOs
35 & ONH O &IBIE 2 fE L, SRkFERsa 7 7 A=
W5 ACP) % # Al T, Fe, Cr, Ni, % & 'MoD &
e LT,

3. ERBRESLUER

3-1 7/—FHBEH

303KD5.0% H,SO, &k DT » — Norfailifi e e Lz &
2 A, 30O MEEIZIZIZELR Y, NIFMORE XA
Ltk h o 12, —H, 303KD1.0%HCUEHED 7 / — I o3
HIFig. 1R L5 CAREMY LIEIEY— 2 28T
FHHEIK I F 5 3 T35, 0% H,SO, AP T OBl EFER L
FlkE, SHRERIICIELAFBCERONLZ VG LDD, 0.4V
DETENGIEO 2 CHiliz EEREEMEC, 270, &0
FEHC b 2w b EIHIS T v A HCERB I B U
BNIFRMOMBRAFREOFZEMMM O THNL 2 DD
» 5,

Ty By
1 .
| |—— A 0.02mass%N /
| | — B 0.20mass%N C(‘
| [ —— C 0.56mass%N |
0.5 |-

Potential (V vs.SHE)

PR TN N T SN TR NN T U W S B |

1072

[y
[
™

-1 o° }01
Current density (A/m”)

Fig. 1. Anodic polarization curves of steels A, B
and C in the 1.0mass% HCI solution at 303K.
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Fig. 2. Anodic polarization curves of steels A, B
and C in the 3.5mass% NaCl solution; (a) at
303K. (b) at 323K.
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Fig. 3. Relationship between Pitting Index and Crit-
ical Pitting Temperature (C.P.T) which was
determined by the sweep method in steels A,
B, C and other steels??,
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Fig. 4. Changes in pH (a) and Cl- concentration (b)
of the solution in the anolyte cell as function
of amount of electricity.
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Table 2. Results of chemical analysis of solution in the anolyte by means of Ion Chromatography (IC).

Steel Initial C1~ 1000ppm solution Initial Ci~ 10000ppm solution
Amount of Concentration (mg/L) Amount of Concentration (mg/L)
electricity NO;~ NH,* electricity NO;~ NH,

(C/mL) (C/mL)

3.15 - — 10.5 — —
A 5.26 — — 211 — 8.22

10.5 — 3.52 52.6 — 9.90

21.1 — 3.16 105.3 — 10.44
5 i;g i;g - 105 1351 —

10.5 11.60 _ 21.1 11.07 10.44

21.1 32.99 — 52.6 — 39.66

52.6 69.79 — 105.3 — 25.60
c 35 :gg - 10.5 2.66 —

.26 . -

105 624 _ 21.1 12.40 —

21.1 36.14 — 526 23.90 -

52.6 67.84 — 105.3 27.46 13.66

Table 3. Results of chemical analysis of solution in the anolyte at the amount of electricity of 52.6C/mL by means

of Inductively Coupled Plasma (ICP) analysis.

Steel Fe Cr Ni Mo N Total
A Metal ion (mg/L) 7550 | 2000 1440 | 280 7.7 11278
(as NH4*)
Composition ratio (mass%) 67.0 17.7 12.8 2.5 0.068 100
B Metal ion (mg/L) 5920 1500 1130 183 30.6 8733
(as NH, ")
Composition ratio (mass%) 67.8 17.2 12.9 2.1 0.349 100
Cc | Metal ion (mg/L) 1430 380 278 52 5.39 2140
(as NO;7)
Composition ratio (mass%) 66.8 17.8 13.0 24 0.251 100
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