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The Influence of Nitrogen, and NO; , NO,” and NH,™ Ions
on the Corrosion Properties and Passive Film

Composition of Stainless Steels

Young Sik Kim

Dept. of malerials engineering, Andong National University, 760-749, Andong

The influence of nitrogen, and NO; , NO, and NH4+ ions on the corrosion properties

and passive film composition of Fe-20Cr-4Ni-6Mo and Fe-20Cr-20Ni alloys exposed to hydro-

chloric and sulfuric acid has been investigated by anodic polarization test, activation energy

measurement, repassivation test, and XPS depth profile analysis in order to contribute to

the better understanding of the role of nitrogen and above ions for the corrosion behavior

of stainless steels. The effects of nitrogen and above ions on the corrosion properties of

stainless steels are similar to each other, but the degree of role of alloyed nitrogen is stronger

than that of above ions. The reasons for this are discussed on the basis of the result of

XPS.
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Table. 1 Chemical composition of the experimental alloys(wt.%)
~ ALLOY NO. C S Mn P S N C Mo N Fe
Al 0.01 124 002 0012 0.003 395 2033 675 0.03 Bal.
A2 0.02 127 001 0013 0.003 398 2038 682 028 Bal.
A5 001 1.14 016 0005 0.009 2002 2065 tr. 0.21 Bal.
A6 0.01 0.15 045 0016 0.006 1742 1836 tr. 0.007 Bal
742 "o St 2Bl ZE AL AT o 400mV(SCENZ mAAR &, HFgte] HA

74A] ] A Al o] o) R AE ATt
oo 2ol whe} A 2t A

$3 A9 Peterh,

(1) 1,000m1¥] & 7k B

pz =X

L

ohg 4 Aol et

Ay 47lel A

g0 500mlE Fostdch. wE WL vUR %
dEg, J1F WIS A3 FE AL e
o,

(2) 7hd7iel &2 2H7E

SECEREEE

E33] o o] &

) 7}%)

o]‘—.w/]z\ﬂ. %01 Aia}]z]

o 2§ 2R A

A& H ¥ 50ume} 2

SEREEE EERE

53t EHFLE § 7 5]

Fojch, g ke 7 AlHd A 1034
At o sAHe 2y
A2 o) FAL EElA e ElERYE] Y=

Fibe A-D WS AFEE

Teiste <l °*°17<1—t~

o] 83} ] 20ms‘%l

$2 ZAste =2 Tkt

+EE aHEA.

(3) Al|g AAsk7) A of 30%7F F3t 90ml/
min, 8 $EZ A4 7t E S Fol| Fste] §2
Aag A AsA Fct,

(4) N#g Felr e ~ele(Potentiostat) ol %
28 chg, el A5 A ES Al A 3] § 5o
108 <t —700mV(SCE)S A4 & 78 £9-S
A5 AA Fck, 2 F 108 B wHE £719
7|4 BRdur Ax sAxs Fsdd Ay HE2
AR fAsk o,

(5) ¥4 HAE A3l of HeZFE 4F
Wako 2 1mV/sec® HEE FAH(Scanning) 3t4l
o B3 Ay F A 44 Hq¥e 2d B322SS
3 3to] Hetsidct,

2.3 gA3 x| W HESEE ST

&%y

2 kgl g BB VA E Bl Sak
(23} 34 A2 201D g o) -3ked opa) 224
of &A™ w3t A E Fahdch

AuE 3} 5 24 b2} zre] Fshgict,
CAYE A AYRRE FF o) A+

~agA AJzZhe 500msH o™, ~AWA HF
WAL 1x10%cm?e) e},

2.4 ZH B4 AMH

9 FHol AH43 AHE SiC sAnkA 2 1009
o 41,2008 7+ adw}3lE, 1um ALO;EEE A
43t} odul(Polishing) & ¥, otdE22 A A
g EA e Eled AR AY S Fol A
+400mV(SCE) 9] A5 4217k Ft FAAA F-
S & Fatdch. B o7yl AR A
WL A F907)o wBstgdch By FAM el o] &%
uhe] 2. ESCA(Electron Spectroscopy for Chemical
Analysis), %+ XPS(X-ray Photoelectron Spect-
roscopy) FA o2 7t flhe g ~HEHE

~K,(1253.6 eV) 8] X—Al-& o] &3} PHI 5400
ESCA(Perkin-ElmerAt #35) ol 4 It

3. A du ¥ DH
3.1 84 EMoj| o|xl= 42 NOg™,
NO,”, NH,"ol22| d&

A20h AobR s sz 4%, FE 9



192 G443

A21d A3EA 1992, 9

B3 FF Lo Foll 4 NO;” o] &3} NO, o] &9
AAe) RaEe] glem,® o] ylelx o]F o] 29
#4 5oll A NH, o129 44& o3 4 b,
234 o F olee $Fe) FF ahebd w4 o
AR 2gsl7| e sl B4 FAAE Fgsr) e
s o13H B4 AT Uk mey oo
g &9 Fol Hriste] o) we vhehe 4
SA4s A7h Azl o ¥4 Y& wlw, P}
stz sHdEa Fol Aske Asne g
71Fo el & F2IA FHE S e Selth,

2318 2719 50C9) IN HCI4-el 0.IN9
A oleg 77 Wrhslod A4 A9 AHstahA

ste ¥F 1(Fe-20Cr-4Ni-6Mo) ol 3ted 1mV/

secd] FA R T EFAA AAE Hr
3 2((Fe-20Cr-4Ni-6Mo-0.28N) &) o}= 2= 7
3 wingt Zolrh, £ Fo NH, T ol &g #7}h
82 of2 AS(AIHCD) R} o¥7 REe HF
dErh a4z gded, NO; ¢33 NO, ™ ol
AN A g5 ¥4 AYE S wel 4
AA B —REde Aol A ARA g1
dedl, 4 "N Adg A3 NO, oo o
age Z1E o4 F ook dxE A0 FEA2
(HC) 9 A$= AYAa e - 2Fe Ho
FHE AL loem Aar) Frrdel webs oA
A5 Azt Yo AF dur) Aoz i

o

L.
=

by
ol

+10 //'—_——’/
ALCHCD
A - = AI(HCI+ NH4 OH)
P A AICHCI+NaNO3)
| ~— AI(HCI+NaNOg)
a+0‘5 — A2(HCD
2
-
00
05t . . L .
10 100 1000 10000

log i,uA/cm?
Fig. 1. Effects of nitrogen, and NH,*, NO;~, and
NO, ™ ion on the anodic polarization behavior of
Mo-bearing alioys (50T, 1N HCI+0.1N [ions]).
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Fig. 2. Effects of nitrogen, and NH,*, NO; ™, and
NO,™ ion on the anodic polarization behavior of
Mo-bearing alloys (50T, 2.5N HCI+0.1N [ions]).
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Fig. 3. Effects of nitrogen, and NH,*, NO;~, and
NO, ™ ion on the anodic polarization behavior of
Mo-free alloys (25T, 0.5N HCI+0.2N [ions]).
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Fig. 4. Effects of nitrogen, and NH,*, NO; ™, and
NO,™ ion on the anodic polarization behavior of
Mo-bearing alloys (50T, 6N H,S0,+0.1N
Lions]).
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Fig. 5. Effects of nitrogen, and NH,*, NO; ™, and
NO, ™ ion on the anodic polarization behavior of
Mo-free alloys (50T, 6N H,S0,+0.1N [ions]).
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Fig. 6. Effect of nitrate ion on the anodic polariza-
tion behavior of Mo-free alloy(Alloy 6, 50T, 1N
H,S04+0.1N [NaNO31).
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Fig. 7. Effects of nitrogen, and NO3; ™ ion on the
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L Aagte) 4 54w REed Aute) 24 vl WA NO;~, NOp~ 22l NHy*eled) %3 195

i,
Xl
ﬂ-o‘-"
f

o] & ofdll ] -2 Aol A L3}e] T4
3 JdUAE £2o eplIc ==
Aol 4 2] G435} o1 #] o] el
e defel 4 dd o] el HF
A%zt o T2 wrk wd, FAA Sl
°'1°1] ZAsA UE e FEEEE FEA
A "o 2 F, 72 Aol 490

A Sol2 g FEH TAL o= AR A)7te]
el deutA e, o] A& F= AlZHIn-
duction time) ] 2} F-2.0f, o] A| 71§ L% of 3] A
T3t T A AA ol R B AR E T
ES 9\1‘:]_'(13. 15, 16) =, ex A7te] A4 HE
7H*I 4xg B g den, 2xd g &M
FE] HE A FAo NG G435} A E F
4 ok A 7 BAo4 HYE +
400mV(SCE) 2 10%-7 &A% ¥, 20cc HCIE F
sizked FAjo] A sk AHE Fasdvh. o9
T3 A3 A S R 20 898 FUoh E2
E 2H, 7} o] &g AHristw &A1 8 ARt F
7hatn glon Aarh A7ME e #A45 o
A2 F7HE A ¢ I3 ARG Frhska oo
ebd die 2 73 #4943 A Foll 4 NOg~
o] 2% 0.INH7H A7) &5 28t 8438 4
WA 7b 22 dbel 34 A A es 7R 8
43t iAol 4 &3 6l 0.1N NO; o] &%

o df
S

>

o L 1o o nu
T
r")
Yo
rlo 42
-z
offl

r}o_h
2
—°P° oX

3:_

lor oft o2
r{m m &

Table. 2 Activation energy determined by Tafel
extrapolation method(T) and Pit induction time
method (P).

Alloy . Activation ene-
Condition
No. rgy, kcal/mol
Al | 15N HCI 1134+ 0.88(T)
Al |15N HCI+0.IN NH,OH | 1581% 1.19(T)
Al |15N HCI+0.IN NaNO; |17.17£552(T)
A2 |15N HCI 18.32+ 0.48(P)
A5 |15N HCi 8.65+ 1.05(P)
A6 | 15N HCl 6.18% 0.91(P)
A5 | IN H,S0, 139+ 4.69(P)
A6 | 1IN H,S0, 6.2% 3.60(P)

A6 IN H,S0,+0.IN NaNO,; | 17.3% 7.20(P)
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Fig. 8. Effects of nitrogen, and NO3;™ ion on the
decay of active current on scratched surface (60T,
2.5N HCI+0.1N [NaNO3], +400mV(SCE)).
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Fig. 9. XPS-spectra of Ny in the passive films(2
min. sputterred) formed on Mo-bearing alloys in
test solutions at 50T for 4 hrs at the passivation
potential, +400mV(SCE) : (a) Alloy 2(Fe-20Cr-
4Ni-6Mo0-0.28N) in 1N HCI, and (b) Alloy 1(Fe-
20Cr-4Ni-6Mo) in 1N HCI+0.1N NaNO5 (1. N
(397.9 eV), 2. N,0,(400. 1 V), 13. NO(402.8
eV), 4. NO, (403.2 eV), 5. ONO(404. 2 eV},
6. NO,7 (406 eV), 7. NO; (407.2 eV}).
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Fig. 10. XPS-spectra of N, in the passive films(2
min. sputterred) formed on Mo-free alloys in test
solutions at 50T for 4 hrs at the passivation pote-
ntial, +400mV(SCE) : (a) Alloy 5(Fe-20Cr-4Ni-
6Mo-0.2N) in 1N H;S04, and (b) Alloy 6(Fe-20
Cr-20Ni) in 1N H,SO,+0.1N NaNO; (1. N®
(397.9 eV), 2. N;0,(400. 1 eV), 3. NO(402.8
eV), 4. NO, (403.2 eV), 5. ONO(404. 2 eV),
6. NO, (406 eV), 7. NO; ™ (407.2 eV)).
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Fig. 12. Effects of nitrogen, and nitrate ion on the structure of passive film formed on Mo-bearing
alloys in test solutions at 50T for 4hrs at the passivation potential, +400 mV(SCE) : (a) Alloy
1(Fe-20Cr-4Ni-6Mo) in 1N HCI, (b) Alloy 2(Fe-20Cr-4Ni-6Mo-0.28N) in 1N HCI, and (c) Alloy
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Fig. 13. Effects of nitrogen, and nitrate ion on the
structure of passive film formed on Mo-free alloys

in test solutions at 50T for 4hrs at the passivation
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Table. 3 Effects of nitrogen and nitrate ion on the Cry03/CrOOH ratio in the passive film analyzed

by XPS.

| Sputtering Time, min.

| Condition

As-received 2 4

A2, IN HCl,+400 mV(SCE) 0.3 8.0 12.7
Al, IN HCI+0.1N NaNO;, +400 mV(SCE) 18 0.6 2.8
A5, 1N H,80,, +400 mV(SCE) 1.0 43 11.7
A6, IN H,S0,+ 0.IN NaNOj, +400 mV(SCE) 0.8 0.5 0.7
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