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Effect of Non-metallic Inclusions on the Rusting of 17% Chromium
- Stainless Steel Exposed to Salt Spray Test

Noboru KINOSHITA, Nobuo OmasHI, and Motokiko TAKEDA

Synopsis:

On the bell-annealed hot rolled strip and the bright-annealed cold rolled strip of commercially
arc-melted and processed 1795 chromium stainless steel, the effects of aluminium content and compo-
sition of non-metallic inclusion on the susceptibility to rust corrosion during the 5 9 NaCl salt spray

test have been investigated.

The optical and scanning electron microscopic observations and electron probe micro-analyses of
the specimens after a few minutes of the salt spray test show that pitting corrosion initiates due to
the dissolution of calcium-rich sulphides which are located as shells surrounding the aluminate inclu-

sions.

Iron dissolves from inner surface of a pit and deposits as ring-like rust around the pit.

Seg-

regations of calcium and sulphur are detected at this ring-like rust.
The proportion of the number of these water-soluble inclusions increases with the aluminium con-

tent of steel.

(Received Mar. 3, 1971)
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Table 1. The range of chemical compositions of hot strips (wt%).
C Si Mn P S Cr Ni
SUS-24 <012 <0-75 <100 <0-040 <0'030 | 16:00~18-00 | (<0-60)
%";m_f’;‘;s) 0°05~0°07 | 0°36~0-61 | 0-41~0-50 0:014~0-024| 0-006~0-012 | 16:12~17°00 | 0-11~0-26
i | |
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27 s VAROMERIC kS XLIETIEEENEDDEE
TOWTI RIE WL 200 #iE D0 545 Wb s,
17%Cr 25> VAT OV TIE ERFEEBRM LN TE
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Bk X OThic S kRN Eh oM LBk >
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40t = v -XEQFCRQUBAH L 17%Cr 27 1
Ziafe QRO AL THEEL, PERHTIEZE TEER
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Table 2. Corrosion index defined by surface cove-
rage per—cent of rust¥ on the surface of
specimen after salt spray test for four
hours.

Corrosion index
\\\\\\\ 1 2 3 4 5

Specimen ~—

Annealed hot

strip 0 |<5 %|<209%|<509%| > 509,

Bright annealed

cold steip < 3 9%|<109%|<2095|<509%| <509

* Surface coverage per-cent of rust
_Number of 5mm square sections rusted
Number of 5mm square sections on test surface

X 100
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Photo. 1. Typical examples of rusting of bright annealed cold strips cxposed to salt spray test for four
hours. Percentages denoted under the photographs indicate the surface coverage of rust which
is defined in the footnote of Table 2.
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Corrosion index of hot strip

Correlation of corrosion indices of annealed
hot strip and bright annealed cold strip

Fig. 1.
after salt spray test for four hours.
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Table 3. Results of the chemical analysis of inclusions. (wt%).
C ion ind .
Of"rsg‘:;‘;l’; mdex Si0, Al O, MnO FeO CryO, MgO CaO
1 0-0061 0-0016 0° 0004 0-0015 0-0088 0-0012 0-0010
0-0096 0-0004 . 0-0003 0-0012 0-0167 0-0014 0-0012
0-0084 0-0053 0-0051 0-0010 0-0101 0-0006 0-0011
1 ~2 0-0065 0-0054 0-0024 0-0011 00089 0-0014 '0-0009
0-0043 0-0039 0-0007 0-0020 0-0080 0-0008 0-0014
3 0-0034 0-0063 0-0005 0-0038 0-0051 0-0013 0-0008
0-0032 0-0130 0-0006 0-0007 0-0039 0-0018 0-0005
4~5 0-0010 0-0162 0-0003 0-0030 0-0031 0-0013 0-0008
0-0012 0-0148 00004 0-0016 0-0046 0-0008 0°0011
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S Acid-soluble Al before tapping (%)
o 5008 0012 Fig. 4. Effect of acid-soluble aluminium content
© 004 ' o on the corrosion index of annealed hot
Total Al in hot strip (%] strip after exposure for four hours in salt
Fig. 2. Effect of total aluminium content on the spray test. Samples for chemical analysis
corrosion index of annealed hot strip[s] were taken from the water quenched
after exposure for four hours in salt bomb-specimens of the molten steel just
s'pray test. before tapping.
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. . index of annealed hot strip after exposure
° ooz 0004 0006 for four hours in salt spray.test.
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Fig. 3. Effect of acid-insoluble aluminium content BEZLWM LY S E oML X 5 ZBRiEm v,

on the corrosion index of annealed hot

_strip after exposure for four hours in salt

spray test.
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Photo. 2. (a) : Typical example of pitting and
ring-like rusting of bright annealed cold
strip exposed to salt spray test for four
hours.

(b) : Higher magnified view of pit shown
in (a).
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Photo. 3. Typical example of rusting after salt
spray test for three minutes. This rusting
is generated from pitting due to the
dissolution of inclusion (a) shown in this
photograph. Inclusion (b) has not been
corroded.

K L CWedk&BAEDE hL & LT3 2 &35
P bivic. ZDHREMILHDEERAT Photo. 3 1R
¥ '

EEWEFEMBICI 520X 5 I BFLIEOEE %
Photo. 4 IZ7RT. EWH LEHOERICHB LT TEHY,
ZOIORZOMWMS DT CWIBEMLTARERTWED
TENRPE XS ThrB.

LDXSBRFELDPSDRESE LEDTWBNEMITD
BLAEBCHDOLDTH S, BERTIEBEDOLD
bdHol. LaLwihd ABINEMSEE & koTw
LHOIEED bR Of. o RAIRMICHBEZ LR LY
51 5 EOB IS BT DV T ERE R DR S
fIiso7 s &, KEORAER IS cElzans
E£FE LI READHE, FEBERICSHbh 5 &N 7EE
(22 ALCRE BHE) ofy 1/100 THh, Z0 X5k
LY SUFRROMBTLRMCRLDS>DRAEED
S BNERNDHFHEEREII L VNI N ENbhr 5. &
NoOEEERIL, BHRECHEEN LT TCERLY
IMERBEMITFHMTEL VT &, T ULTHEDOERKI
LD THAKEBZ TONEME FOKIT X 55 I ER
HDHTLELETRELTWS.



HKEBILE S 17%Cr 27 v L 2O S UCRAEE B XETHLEBNEDORE

2157

o

Photo. 4. Typical feature of a pitting observed
(a) by optical microscope and (b) by
scanning electron microscope on the
bright annealed cold strip after salt
spray test for five minutes.
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Fig. 6. Result of the electron probe line-analysis of

the inclusion shown in Photo. 6.
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Photo. 5. Typical example of the electron beam scanning images of the inclusion
susceptible to pitting and rusting. '

O02mm
S B B
Photo. 6. Typical example of aluminate inclusion
surrounded by sulphide (see Fig. 6). This
inclusion is susceptible to pitting and

rusting.
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Photo. 7.
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Typical example of of the electron beam scanning images of aluminate
inclusion surrounded by calcium-silicate (see Fig.' 7). This inclusion is
susceptible to neither pitting nor rusting.

EPMALTHZES L, WTIhoB&biibhr» TR
Ehzz &, LT 05N NaCl KiAEHK R CRERBEMITHF
TR D L BE OB CHFLE L T HHIL
MERESE L THERZELTVWBR L LEHRELTWS.
% 7=, SzrLARskA-SmiaLowska 5519)% 13Cr, 16Cr X
% 25Cr-20Ni % pH=4% iz L7z IN-NaCl ¥ T
SRXRE E0 pit OFEBATEZFAEL, BRILD-B
(LA NIEMN Pt D2 LD DT VW &%
HMELTWD. '

B3 Kiessuing 51 1%, Ca-Si H 5 Wit Al THIER
LiEME 0°1%NaCl P o MzET 5 &

—299 —



2160 % & @ ® 57 £ (1971) #1355

4 [
e i PR S . RV S
! R P
N j ds-ﬁ."ﬁ-"” % . B
P
S qh -4
‘ 3 i
; e e e s i - ? -
i ¥
; 4 NMn !

Fig. 7. Result of the electron probe line-analysis of
the inclusion (a) shown in Photo. 7.
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Fig. 8. Result of the electron probe line-
analysis of the ring-like rust around
pit shown in Photo. 8.
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Photo. 8. Example of ring-like rusting which
was analysed by electron probe micro-
analyser (see Fig. 8).
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Photo. 9. Typical example of the electron beam scanning images of calcium-aluminate
inclusion.
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Ca-Si CIRMEE (FHhEERE 25~60ppm) L7cdd
h CaS 2R EDTHY, ZDIZEEAF LR
BFWThRKELEELLNRS.

—, AlIRERZ Lixvb o, HB0E5L AL BEEL
72 DK BEDNEDS P WBERE, ZOBE

X IL:IZII L/ 3

DRNEMO RN % Hd 5 CaO-85i0; FZATE A B ASK
WEDTHMLIZLC W EE, L€ CaS pF&T
LA RN IS SR LIt wWo st X 25D L
Exbhb.
5. & 3=

ERFTRGBEM L7z 17%Cr 27 > L 20 BESHS
SESMA R EREAE ds X OB MRSt 3 B W I R KU SRR T v
S EUEHT DT, EKEEEIT X B ROk
&, b OEEENEMOMK S XU Al £ 580%

ATDWTRE L, ROBRBELN .

(1) SEFRESRS e & HEE U 7= M g ot
L@ SHIZIEQHEE®R® 5. KABMEERRFITIEF I
LB LK . , .

(2) WFhoBAIRLP I, RAEmCHBL
TV EEENEMERES & LLRZFEEL W5,
Z DA LI BT HNIEMIHEDS L EHvy 9 A
TwEaA MREEMOBEABEY x5k 2>2Tv5d CallBA
72 (Ca,Mn)S REbTH 5. v

(3) ZhboORILDIEKITET D LK ICHRIE
RLOBLWRANE D E WO FLE 4T 55
X1 TONHED SERA Fo2FEH L, ZoEAOFEI
BRORECMRETS. coFI IRz Cak SO
B EIAERD B, :

() DX S kG EFERILHC Bkbiuia e
v, AR Al REESNTIRRO Al EaINT
LA ER I L, Kihc Si0 kg &k 5
EMHB L VISR ER IR L V.

A DFEE & 55 ) I N7 HTHFE RS AT W
M- LES.

X B

1) §. P. Oper: Electric Furnace Proc., 18(1960),
p. 334

3) L. §. RepMmerski and 4. Moskowitz: Trans.
Met. Soc. AIME, 245 (1969), p. 2165

4) G. F. Busu: 25 v v &, 8 (1964) 5, p. 45 |

5) R V. Trax and J. C. HoLzwarTH: Corrosion,
16 (1960), p. 271t

6) A. G. CARNEGIE and A. MoskowiITz :
Patent No. 3,247,086, (1966, 4, 19)

7) J. F. BaTtes and E. H. PueLps: ASTM, S.T.P.
No. 369, p. 200

8) G. F. Busu, W. J. GArRwooOD, and B. E. TIFraNy:
ASTM, 8. T. P. No. 369, p. 209

9) R. M. Fowrer and C. R. Bisaop: ‘Metal Prog.,
84 (1963) 3, p. 88

u. S.

— 502 —



2

EAKEEIL LS 17%Cr 2 7 v VABMOIVRAECKIETHEBAEHORE 2163

10) G. F. Busa: Metal Prog., 88 (1965) 4, p. 154

1) Jm: BHRMER, 22 (1970) May, p. 28

12) k48, AT, MHE: JHRe (k) thHNEE,
444 8 A '

13) B. E. WiLpe and J. S. Armyjo: Corrosion, 23
(1967), p. 208

14) A. SzumMeR, Z. SzZKLARSKA-SMIALOWSKA and
M. Janik-Czacuor: Corros. Sci., 8 (1968),
p. 883 '

15) M. Smiarowskl, Z. SZKLARSKA-SMIALOWSKA,
M. Rvycucik, and A. SzummEer: Corros. Sci., 9
(1969), p. 123

16) Z. SzkLARskA-SmiaLOskA, A. SzumMER and M.
Janik-CzacHor: Br. Corros. J., 5 (1970), p.
159

17) R. Kuessing and C. Westmann: JISI, 208
(1970), p. 699

18) F4: ALy - T, (BF284£2 A) p. 857

[(EXXE - k]

S 19) gE: #&$W, 52 (1966), p. 1098

20) H. H. Unric: Corrosion and Corrosion Control,
(1963), p. 273 [John Wiley & Sons Inc.]

21) T. P. Hoar and D. Havenuanp: JISI, 83
(1936), p. 239

22) U. R. Evans: Introduction to Metallic Corro-
sion (1955) p. 29 [Edward Arnord Ltd.]

23) @&, Tk, BE: [Caliissio E&BAEDIT
DWT), BREMG S, FRAMES, FEMRIEL,
BREEER (Bf44E7 /5 2A8)

24) Z. Bojarski, E. Barszcz, J. BRyNiarska, H.
Serwicki, J. Tasorskl, and 7. TERLECkI: Iron
Steel, 40 (1967), p. 304

25) W. J. M. SaLter and F. B. Pickering: JISI,
207 (1969), p. 992

26) C. P. CuurcH, T. M. Kress,and J. P. Rowes:
J. Metals, 18 (1966), p. 62

— 303.—



