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Rust Nucleation Sites in 18Cr-Ti Stainless Steel

Satoshi KADO, Taketomo YAMAZARI, and Hiromi INAGAKI

Synopsis :

The aim of the present work is to study the sites of rust formation and mechanism of rusting on 18 Cr-Tj

steels under the salt spray test.

Rusts are preferentiall

y initiated at cubic inclusions or precipitates with tita—

nium (esp. TiN-TiC-Ti,C,S, system, TiO,(or ALO,)-TiN-TiC-Ti,C,S, system, TiN-TiC system). But
no rusting occurs either at separate particles of titanium carbosulfide or at titanium cabonitride surrounded

by a rim of carbosulfide.
matrix,

There exist primary microscopical crevices between the cubic inclusions and the
At these sites crevice corrosion is able to initiate and causes the annular rusting around the cubic

inclusions. Additions of titanium (about 0.2%, or more in free Ti) in extra low carbon and nitrogen 18 Cr

steels show a very pronounced effect on the resistance to rusting.

The role of titanium in rust resistance

is (1) to prevent the formation of manganese sulfide related to rusting and to lead the formation of carbosulfide
resistant to the dissolution and (2) to shift the pitting potential to the noble direction.
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Table 1. Chemical compositions of specimens.
Specimen, C  Si |[Man | P | 8 cr | Al | Ti H N | O | [Ti* |Remarks
; . i [

1 0047 |0.25|0.49] 0.028] 0.005|165 — | — | — — — | sus 430

2 0.054 | 0.54 | 0.53 | 0.025 | 0.004 | 16.2 — —_ — — — 4

3 0.015 | 0.24 " 1.32 5 0.024 0.007 | 16.8 — 10.180.0132 | 0.005 0.06

4 0.012 i 0.13; 1.50 1 0.027 , 0.006 : 16.7 — 10.180.0097 | 0.010 0.07

5 0.01t , 0.28 | 1.42 | 0.033, 0.005| 16.7 — 10.19]0.0107 | 0.004 0.10

6 0.009 | 0.18 | 1.32 | 0.033: 0.005 ! 16.3 ! 0.006 { 0.19 ' 0.0070 0.008 0.11

7 0.008|0.18| 1.40 | 0.029 | 0.005 | 16.5 | 0.013 | 0.22 | 0.0097 | 0.005 0.14

8 0.008|0.1611.39| 0.027 | 0.006 | 16.5| 0.013|0.23 | 0.0097 | 0.007 0.15

9 0.009 | 0.20 | 1.41 | 0.019 | 0.007 | 16.3 | 0.086 | 0.30 { 0.0089 | 0.005 0.22

10 0.004 | 0.16 { 1.39 | 0.034 | 0.006 | 16.6 — 10.27 ] 0.0052 | 0.004 0.22

11 0.008 | 0.12 | 1.36| 0.029 | 0.005 | 16.6 — 10.29 | 0.0054 | 0.005 0.22

12 0.016 | 0.43 | 0.41 | 0.024 | 0.008 | 16.3 | 0.005 | 0.45 | 0.0079 | 0.003 0.34

13 0017 | 0.45 | 0.44 | 0.028 | 0.010 | 16.0 | 0.004 | 0.48 | 0.0096 | 0.003 0.36

14 0.007 | 0.18 | 1.02 | 0.017 | 0.008 ' 16.4 | 0.117 | 0.49 | 0.0089 | NA** 0.41

15 0.003 | 0.2211.38| 0.033| 0.008 | 16.6 | 0.011 | 0.33 | 0.0068 | NA¥* 0.28

16 0.009 | 0.25[1.35| 0.036 | 0.019 | 16.9 | 0.011 | 0.34 | 0.0042 4 0.25

17 0.00210.24|1.37 | 0.030| 0.026|17.3 | 0.011 | 0.33 | 0.0039 ” 0.26

18 0.009 | 0.23 ] 0.12| 0.022| 0.007 | 18.2 | 0.008 | 0.30 | 0.0068 | NA**x  0.22

19 0.014 ! 0.24 {0.52| 0.022| 0.005| 18.4| 0.013|0.33 | 0.0076 | 0.003 0.24

20 0.015 | 0.22 | 0.99 | 0.026| 0.006 | 18.3 [ 0.019 | 0.30 | 0.0024 | NA**x  0.20

21 0.014!0.24|1.51| 0.022| 0.005| 18.4| 0.012| 0.30 | 0.0075 | 0.005 0.20

22 0.013 | 0.22 | 2.00 | 0.021 | 0.006 | 18.2 | 0.011 | 0.31 | 0.0078 | NA*¥*x  0.22

23 0.010 | 0.3213.09! 0.023| 0.005| 18.8 | 0.018 { 0.33 | 0.0073 ” 0.25

24 0.003 | 0.23]1.34| 0.015| 0.010 | 16.5| 0.005 | 0.04 | 0.0042 4 —0.01 | as cast
25 0.002]10.2311.80| 0.012| 0.008 | 16.5 | 0.008 | 0.10 | 0.0044 ” 0.06 4
26 0.003 | 0.23 | 1.3¢| 0.009] 0.009 | 16.8 | 0.007 | 0.14 | 0.0046 7 0.09 4
27 0.004 | 0.23 1 1.33 | 0.009| 0.009 | 16.6 | 0.013 | 0.19 ] 0.0049 ” 0.14 4
28 0.003 | 0.22 | 1.38 | 0.033 | 0.008 | 16.6 | 0.0Ll1 | 0.33 | 0.0068 7 0.28 4
Specimen 1~14: commercial heats, Specimen 15~28: laboratory heats

* [Ti)=Ti-4C-3.4N-1.55-1.50

** NA¥*=not analyzed, but assumed to be in the range of 40~70 ppm. [Ti] is calculated as 60 ppmO
x#%  NA®*=not analyzed, but assumed to be in the range of 40~60 ppm. {Ti] is calculated as 50 ppmO

Table 2. Chemical compositions of specimens used for the X-ray diffraction of the residues.

Specimen | C ] Si ‘ Mn P S Cr Al Ti N
29 0.036 0.28 1.89 0.02¢ | 0.011 | 18.2 | 0.016 0.27 | 0.0073
21 0.014 0.24 1.51 0.022 | 0.005 | 18.4 | 0.012 0.30 | 0.0075
18 0.009 0.23 0.12 0.022 | 0.007 | 18.2 | 0.008 0.30 | 0.0068
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N-Ka Mn-Kg

Photo. 2. Example of the inclusion with titanium
(Ti,Mn)S and its characteristic X-ray
images observed in low titanium con-
tent specimens. (x| 600)
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Table 3. Results of the X-ray diffraction of the
residues extracted by I,(10%)-CH;OH
method and analyses of acid soluble
sulfur. )

Soect EIC}entiﬁ;a_tion of i_r;;:llusions Acid soluble

pecimen |or precipitates wi | “sulfur (%)
ititanium

29 TiN, TiC, Ti,C.S, 0.0000
21 TiN, TiC, Ti,C,S, 0.0000
18 TiN, TiC, TisC,S, 0.0000

P

“Photo. 3.

—102 —

el b L
Rust nucleated at cubic inclusions with
titanium (TiO,-TiN-TiC-Ti,C,S, sys-
tem) after exposure to salt spray test
for 45min. (a) X100, (b) and (c)
its higher magnification (x650)
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Photo. 4. Inclusions with titanium not suceptible
to initiate rusting. (A) Titanium car-
bonitride surrounded by a rim of car-
bosulfide (B) Separate particle of ti-
tanium carbosulfide. (x1000)
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Photo. 5. Inclusion with titanium attributed to rust initiation and its characteristic

X-ray images.
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Photo. 6. Rust nucleated at inclusion with tita-
nium after exposure to salt spray test

for 16h. (x 260)
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Fig. 3. Effect of [Ti] on pitting potential in 39,
NaCl solution at room temperature.

LT EET B0, thih Lo i S oiRNE»ED
BBV, Ti #4&%r 18Cr i 5\ TiE S D IRMEL T
EAERD LRIV
3.5 BESEBBEONESER

3% FEAIBHRPIC I VT, FLEERIC I XIE[Ti]
DEWE T ERE Fig. 3 ERT. »wH ETHEL,
BUKRT SR ER I 331 Bt SA M & RIE KT 1) B RS
Bt L T LA BT s o iaivas, [Tl &
OEMZ XY, FLRBALIEZOHMTHET LItFLEMET
D

4. E =

BWICGRR72T LK, BHEOEBETCOWTIXE L O
ERnHY, BEHIEWVIEIBEYRNMEDO T LY HFE
TAHFWILENED ELIBARORE O TLY

— 104 —



Ti @i 18Cr MIC B I 2 RBOREIT DV 1725

friflofz e LB o, BILMOBR Y ctrhxfirx
SHILMPFET D EPBE W) BESLTWE T L
BHLRTW5.

7ok 21, KTFOHVIEKRKAMR Lic 17Cr iz > wT
B ERER A TRV, BBEIEEENMEDERSE L
IETEE L, £ORE LR DEELHNFEDTHREKS
LLIZhve s - 7UEid b EEBIEMOEREY Bk
2>Tw% Ca rich (Ca,Mn)3S RE{LMTH S Z & &R
HFLTWD. Thbbd5BOWMILWTZMNEDIEKIC
5T 2 2O FE 5FLEM L7Cr SO $EM %
5595ThH5.

%7z, Smiarowskr S 18-8 ga 0.5 N NaCi sk
BT 0.5V vs. SHE (Zix breakdown potential
X0 0.05V T EOEMICHYETS) CTIHBHSHEL,
HMETEO T EMDOERE EPMA T iz LT 3.
T X s &, FLRREMICITEET WML 5 138
LMD O ICHIET 2 X 03 505, Wik
DAFEI > HIXFLRE R L U TV .

%72, SzZKLARSKA-SMmiaLowskA 5D IS 13Cr,
25Cr-20Ni 33 kX O BisE S oo 16Cr iz v T, IN NaCl
IKBHEFIZ 35> T breakdown potential X v 3 100 %
720k 300 mV R EOBRTHIRSE, LEOFASE
FTZ §~<C SmiaLowskl 5 L PO E BTV 5.
721 LIAL RN MOTTAE L & &k o afgz b
LILBORREELD 55 LT VHIO.
SMIALOowskA 5127 T % E, BEA A 2ETHERT
DAL RN EN O RILEKIT BT BEE D IFRD X S
THD. Wik e <ic MnS RESHEKEKICIET 24
Ve T, BRI LR D K EK I TET B 0T
MnS 23951 % LEELIO BRIk WILr T & £ 24T
5. TEEROABEIIFESEILIN TV 5728, R
fbshTwaBREI W IRINPT LS. Lrd
BRARMOIKGHRE A F L OBENC X D EILND
H+ 2 Cl- oEsEToT, Zhi4&Boiaifam
EL, LEZREX®3 :F21005.

UL, TXTOWMILHHSIEE &% Db Ciik <,
Craar 51923 18Cr-9Ni-Ti $iic D\ CIT7n D7~ E b
BIRL2L X S F 2 VLMD X 5 A EmTILED
R ELbhwiuvwoifeddsn.

PAEGC U7 fE ko e b LT LT, AHED
KEBEREERTH L, SEEH Y L 18Ce-Ti 7
', Mn X9 B {bmEREROEy Ti #4ATW5
72, FORBEL DT MnS 1T & A EHE L
Vo BE, S5 MnS b RAgET S Lk < > EEL
TF2URNEMPOLRLELCTWE. ZDX5hF &

SZKLARSKA-

FJMEMI TR BIEKCH LTLETH B0, Th
SHBER L TRILEEK LILESEET S L 3E L 5h
v $isdbb, MnS 2 Cal S L4554 40
RO X 0B RLTHEE 255, DT
NI OWTHRFILTHB Z LT 5.

T

o i
Photo. 7. Scanning electron microscopic image of
TiO,-TiN-TiC-Ti,C,S, system inclusion
attributed to rust initiation after expo-
sure to salt spray test for 45 min.
(X 6200)

b . % 4
Photo. 8. (a) Optical (X500) and (b) scanning
electron micsoscopic image (X6 500) of
TiN-TiC-Ti,G,S; system inclusion att-
ributed to rust initiation after exposure
to salt spray test for 45 min.

— 105 —



1726 & & @

5 63 £ (1977) 4105

ke

R e, i
Photo. 9. Scanning electron microscopic image of
Al,O4-TiN-TiC system inclusion (as poli-
shed). (%5000)
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HEHH, TTIR= MY v 2 R EN{EWEOMICT XA
FETDZENALPICEDLNE. LABDT, 20D
BHA1E MnS % CaS i Faifd i & T 555 L8 kD
TEEZETE00OWMILDOBHITLETIL, A
BT TCRHETE N vy 7 RENEDEOHOTEE
THBHZEPMONS. Tihbb{b¥cRKERTF &
FNEMTIHORE LD SBHITTHS.

DX 5T EEOTELRER, F# o RELY
BT Z LW T & B X U IRAS cubic TH B 72, 1N
TR EDTERETHEDORBCIS I »EHR L, AR
BRETOHRERTEEE24ATEIDLEELLNS.

{LEPICKER F & RATCHEE L 75 5 R,
NEEME= b v 2 AL DOMIZHFET BT EFICERT
5 EThuE, kSRR & - OBROEMEREL T
EHLNEER, Tbb(1) as cast HDHHELEK
X0 3L Ti @3 <hifiBite Rt (ascast ##
BT EIN TR WADT E 24 I W), (ii)cubic
AEDOBEME VRSB LLT W (ABLDELTE
FERACRTV), (i) BEMCHEETSF & v REibi
IR LA XD & Sicwy (JEIRAS cubic TR Wiz
DT EFEFLECICLV, FREMEME= MY vy o2 L
DEFEER L VX 5 THD), (iv) KL RELD
PR XS HIRETHET S L &1, BLALHORSA

Eh b ((i) 2R UHBIZ X%, L LERELDE
KL E D3 T E 24 T52L30H50, Th
BT EFEAIBEEG LTV, (v) BRROSGEZHIT

LT S DiiEMRERD S wZ 5% (SUS 4300
BEERLD, TEEEETERDOMILINOBMHIT
SIE), OFRBRIIEGCHAINS.

—fT st LT EREE R B XIET S % 0.026%
FCEDTHTHA T 254056 G 3y dn
AR R TS, FOMAIELRIFKEHERITELLTT
& URHALE LCHEEL, ¥ —ERo REbmRE
{tzisicd 2z 5N5.

WILWEMNEW E < MY v & 2 L ORI HHE
THTEXENRAOERLES EVWHIHE LU, bl
< 1933 4z TRONSTAD LW X D RINTWD. X
nNekse, =)y 2 RALNEDEOHRCEEIRED
EZHD HIFr, EFEM: (adhesion) Hh+45ThvWoT,
ML OBRCHESWTTE 24T, COEF»LILE
MIEEDL EFHBLTVS. L LadsH MnS i2onwT
X, F X UORMNEMOBRE LR, {LECEEL,
FORRTEEELERT HLEVIEFOE»ELSFHS L
TWBEEZELLFBREYTHAS. Fio SzumMmER 510
1 Cr,Oy DSl N EE & EhEMED 16Cr BEEE
%, 0.7N NaCl+0.7N Na,SO, ¥7-13 IN NaCl k#
W el g &, CrO =) v 224D
RIo/NEsT & F X DFLARISIHED/ & EEME LT
5.

ANDERSSON 519037 D D Ti (0.35~0.8%) #
L7 18Cr-2Mo % 10% FeCly 7KiByE (pH<1)
HICiER LoBE, BilbF 22 (3% 5 <R &3
FEXND) L OIENSE D EWmE LTV BL, kg
BABOBELEARRY, FUPPLVFEETH LD
WibF 2B L b0 L Bbhb.

+otegmo TigESbiicksnTd, = ) v o2&
FEUCRNEEMEDOHC TEERFAETDHI LD S.
Lo L, [Ti] EofEiic kb, TEERNER (=Y
vy o R) OIEBEMEED, TEEERTH U THEHH
PHTBHI TS, T<hEEELTT X5
nHEEZLND (FLATN LT FTBREAL LI
R TRT Z LML TV H).

#@, Ti ihn L 18Cr §3259 <hrcitsi s w
FTouk, (1) Ti BFoA LTV MnS D4 pk
ZHMEIL, BiEE X D ERETHENE TGS, oic+
5EEdHiT, (2) Ti BPEOILEEMEEDOHM~BT
X8D, OWEOBEMRTILZLDOTHBEVAS.
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Ti i 18Cr $AIC R T 2 REBORE TSV 1727

5. &

Ti 2@ L7z 18Cr $Hic 2T, EKEEREBRPT
I\, ZOEME & RFORS, Bk S ouv Tt
L7c. ZOHEREENTDHERDODISTRS.

(1) &R - 2% 18Cr gfic v, [Til(=Ti-
4C-3.4N-1.58-1.50) % 0.29% Ul Fiind 5 &itsseE
BEL{KEEINS.

(2) Z4B13 cubic I F &% U FAEMw (£ & LT TiN-
TiC-Ti,C,S, F&, TiO, (Z7cix Al,O,)-TiN-TiC-
Ti,G,S, 3%, TIN-TIC &) SEA E7D T EMNE L.
BMTHFET S 74 VRWMILMIIT LA EFORA &L
DIV E/RBACMBRE LM E BT X 5 kg T
ETDEERGoRELELDITL VW,

(3) Ttk xEs Ti oshEi, (i)FFok
METL DTV MnS OARAIIE L, HiEE X e
7 TiGoS, oikfBiz¥ 5 & Ediz, (H)MOILEE
i@ §5, OMFEOREINALIDTHS.

(%) FEURNIEMERA LT HTRBIT, AEDE
7 by 7 AL OMICFET SMBANRT & E0EFER
LTS ERRCEATEHOTHS.
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