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Effect of Nonmetallic Inclusions on the Bending Property and
the Surface Defects of Cold Rolled Stainless Steel Sheets

705 &L

Ichiro TAKAHASHI, Masayoshi OGAWA, and Takeshi YOSHIDA

Synopsis:

The effects of oxide and sulphide inclusions on the bending property and the surface defects of cold rolled
sheet of 18-8 and 18 Cr stainless steels were investigated. The results are summarized as follows:

(1)  The bending property of the sheet containing chromium-oxide as a main constituent of oxide inclu-
sions is far superior to that of the sheet containing silicate.

(2)  An increase in the sulphide quantity in the range of this experiment causes a decline in the bending
property, but hardly affects other mechanical properties, with the exception of a slight deterioration of the
Erichsen value on 18-8 stainless steel sheet.

(3) When the sulphide quantity is equal, chromium-oxide coexisting with sulphide inclusion improves the
bending property far more than the other-oxide. This is due to the fact that the particles of chromium-oxide
included in sulphides prevent the sulphides from the string-like clongation.

Consequently, in order to improve the bending property both in 18-8 and 18 Cr stainless steels, it is
essential to reduce the amount of sulphide inclusion by lowering the sulphur content in metal and to
provide oxide Inclusions which are reluctant to take a stringer shape such as chromium-oxide formed
by lowering the silicon content and increasing the manganese content in metal within the limit of spe-
cifications.

(4) Independent of the main constituent of oxide inclusions, chromium-oxide or silicate, surface
defects and sand marks are formed whenever the oxide inclusions crowd locally, however, the defects
occurring due to chromium-oxide can be removed not more easily than those due to silicate by me-
chanical surface conditionings.

Thus, while chromium-oxide formed by lowering the silicon content in metal considerably improves
the bending property, it affects deterioratively on the removal of the surface defects.

(Received Nov. 24, 1969)
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Table 1. Range of chemical composition (%) of
18Cr stainless steel hot coils (4°5 mm
thick, 30 heats).

Ttem clSi Mn‘P S:CriNi

0:07 0-46 0-51 0-028 0-011 16-53 0-21
Max. | 009 0°59 066 0-031| 0-015 1688 0-34
Min. | 005 0-30 0-4 0005 1620/ 0-16

ooy ’ 4
".«w & )

{a) As polished

(b) Etched in glvceregia

Photo. 1. Stringer-type inclusions in cold rolled
18Cr stainless steel sheet (longitudinal
cross section). X400
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Photo. 2. Reference standards of “stringer grade’
in cold rolled 18Cr stainless steel sheet
(etched in glyceregia on longitudinal
cross section). X100

Appearance Bend index

Photo. 3. Reference standard of cracking: grade
after bend test.
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Table 2. Relation between stringer index and
Si, Mn and S content of 1'0 mm thick

sheets.
Stringer ' No of Si% | Mn9, S%
index |samples (n)| (&) €9 @
0 8 | 0365 i 0-592 | 0-0090
2 18 i 0-479! 0-449 \ 0-0118
002
%a'
K ®
’\ -
5 "
© 001 \\ ry
04 05 06 o7 08
Si (°/o)

Fig. 3. Relation between silicon content and
oxygen content in 18Cr stainless steel
sheets.
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Fig.”4. Influence of manganese content on the
solubilities of chromium and silicon in
Fe-Cr-Si alloys in the presence of chro-
mium oxide and silica at 1600°C.
[KGRBER et al.]®

Table 3. Chemical composition (%) of samples.

Steel ' c | si ‘hdn| p | s | o | Ni
A | 0-07 0-30 0-66/ 0-023 0-007 1664 0°13
B 1005 0°54 0°52 0°035 0°008 1684 0°13
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(a) Chromium oxide in steel A
(b) Silicate in steel B

Photo. 4. Typical oxide inclusions in cold rolled
18Cr stainless steel}sheet described in

Table 3. %400
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(a) Stringer free (Steel A of Table 5)
(b) A plenty of stringers (Steel B in Table 3)

Photo. 5. Cross-sectional micro-structures of sheets
described in Table 3 (etched in glyceregia
on logitudinal cross section). X100
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Photo. 6. Longitudinal bend failure of cold rolled 18Cr stainless steel sheets (1°5 mm thick).

— 90 —



BERAT Y VARORTHE L EARBCRET FLBEAEDOEE 1177
Table 4. Chemical composition (%) of 5kg-ingots.
Series Steel C Si Mn P S Cr Ni
C 0-060 0-37 1°26 0-021 0-010 18-49 9-23
Low-Si D 0-062 0-36 1-15 0-022 0-015 1804 9-37
! E 0-063 035 1-26 0-020 0-020 18-38 9-21
F 0-063 0-33 1-13 0-020 0-028 18-37 9-21
G 0-063 | 069 1-24 0-018 0-006 18-52 9-17
High-Si H 0-063 071 1-27 0019 0-014 18-50 9-21
ghm I 0-065 0-70 117 0-020 0-020 18-42 9-24
J 0-065 071 1-17 0-021 0-028 1842 9-23
Table 5. Mechanical properties of cold rolled sheets (0-8 mm thick).
. | Tensile strength | Elongation | Hardness Erichsen C. C. V.
Series Steel | 50%) (kg/ mm?) (%) (HRB) |value (mm) |  (mm)
Low-Si C 0-010 63-6 58-4 77.5 11-79 3813
(S.Y 0-33 D 0-015 637 570 78°5 11-65 38-25
:0_37% E 0-020 641 572 79-0 1159 38-16
o F 0-028 63-1 577 77°5 11-51 38-07
Hich-Si G 0-006 63-3 59-2 77°0 11-85 38-01
(Sig. 069 H 0-014 648 578 780 11-70 38-21
;0.710/) I 0-020 65-1 57-2 79°0 11-68 38-15
o J 0-028 64-8 564 79-0 11-56 38-29
TITTT.IIT
Low-3i series High-Si series
Moiten metal (10kgq) 30 O
(/.
Ingot “(5kg ) Ingot~ ( Skg) N /'
{37mm thick) (37mm thick) 3 20 . -5
- // |-/
g ’/’ o /,.-—/
Forging Forging “ o “ 2 /
{8mm thick) {(8mm thick) /I fi
m" / /
0 &L -
Heat treatment 0 000 0020 00300  00I0 Q020 0030
(1300°C x 3hr AC ) S (%)
o  Without high temp. heating after forging of ingot

I

i
Hot rolting  (32mm thick )
!
Annegling (1 050°C x IND min)
Cold rolling (O'8mm thick)

Annealing  (105°C % 3min}

Final product

Fig. 5. Manufacturing process from ingot to final

product.
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Fig. 6. Influence of sulphur content on bending

property of 18-8 stainless steel sheet (08
mm thick).

247,

f%@ﬂﬂAﬂHWWWLLfJAathﬂ7'Ll

iy
INg ‘./)

H\W

4
9+

/’C, ;lL\

Bod AT B QLo £ 5 st i
e B T4 2 34:erJﬁﬁJ|§
OSSR = L 72,

AF, BUFow i T, y
A XU R LR LY L
DA . BLET OB Z TR T S
% .

i ik 008 mm

=N

A
L LEL

* %

EaE

u“
_4

D

5

(_)

Z “Hd e EEn
TLEDEWEX

Fig. 5 oI & <

23y 2
[ ‘w
EMEFRL

BG4

e

1o 8‘

&



1178 & &

% 56 4£ (1970) £ 9=

18-82 7 1 I TTRENPEICE A TV 5 D TAER
TG OWEEMR (0°8 mmfEL) ITTFELE L TS5 %HRE
HAHEL 7212, THMOBEHTRBEET/Lok. g
MOFEEEE, 18Cr XF L ATDEA L T2 LM

FRZ L Tf57e27z. UL, NMEMORIER, oL

SITA MY A —FEHUL S DORERAST, Bifkth, B

b4 DREERREE RISV CfiR 2. ThIRETFE
PR L D b/ SV, FILMSEMICTEE

s, MEBEOEEZTHEVIY 2 SITHFITELE2S
ThHD.
3.2 EEBRERTSVPICER

Fig. 6 l3ghiFsRERDFERTH 0, F7z, Table 513
R R o O BRI TR R L A

CNORER»HLELNE X5, SERFESCE IRV
THORETHITLAEERITL VY, fhFEe =y 2
2 ABEDOBIE Si% FION S% WEXDOThish EEs
FFTB. Tinbb, IbOHEIhOBRIE
LML 5DTIEH L, 2oL Si, S EHEK
XoCEASHh, RETLSNENDECTHE DKL 5
OB ERZRELTWS. WE, =Y 7 & HITD
W, TS ZERI—IKHE SN 5D TRICE D b
Wievsd, @FEK oV TORRE L LD THD LRD
X5 s.

(1) # Si%, (X Si% Ok Ed S% Dk
& B SIET 5.

(2) £f8E Siee o> BT EREY-. &
LS %BDREVEGELLTDERSBKE V.

(3) “HEtmmiRme” Licgas, “Hslidk
L” OBFAEOHETIE, 3EASMTEOES Y ET
DT ERTERW. FThbb, FERCETHINED T
VEEARR NI R U CohnEta 1 300°C X 3hr D X 575
REREICTERL, WLWRNEDD DV ITEELI R

€ T

532

3

eEo |l 1| L

£ o2 L N I

@ < Low-Si series High—-Si series

2%

s 3

z 2 o .

65 01

€t e o . .

g5 { 9

. . .

23 $ ° s | -

2¢ 05010 0020 0030 0010 0020 0030
S (%)

Fig. 7. Relation between the quantity of sulphide
inclusion and the sulphur content in metal.
Open and solid circles represent the same
remarks as in Fig. -6.
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Fig. 8. Relation between the oxygen content, the
quantity of oxide inclusion and the silicon
content in metal. Open and solid circles
represent the same remarks as in Fig. 6.
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Fig. 9. Relation between the mean length of
sulphide inclusion and the reduction rate
in rolling process. Open and solid circles
represent the same remarks as in Fig. 6.

(b)
(a) Manganese sulphide including chromium galaxite
in the steel of low-Si content

(b)

Photo. 7. Typical sulphide inclusions in
rolled 18-8 stainless steel sheet.

Mangane sulphide in the steel of high-Si content

cold
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41 REAHZE

AEERITEA U 2oL, 450 kg D FERERME D 2 KT
B0, >b lFExOEEbtmE Cr-4F7 7344 FEREIT
T HDIT, Si XY Mn §HE%FNhFh 0402
BIOW 1:20% wil>72d @, Fiofho 1 &3 Mn-
Uy — hEEKICT S72H, Si X Mn 6824
Zi 070% BE 1°209% L7232 DHRH5.

AR OEENL, 1t BERFE TRy, ¥F, Si
=040%, Mn=1-20% $H\ T 18-8 |3 ZF » L R AT
Lt OFEBEL, ToOXEFHIEEL, 420kg FRIGHE
BWICHAZL, FE TFERIER D EEDEMIC I HIT
Si=0"70% 0\ CHERMmML /2.

ERO X O IWHERL B O LMK I Table 6
R

RSB, WREE 2 & TR | mmED
WIEMR & L 7oh3, BRIFEE IV T, BAEEED 50
ERITIERL 7258 WUT—FREEEVS) LEA
WHEEL a8 T2 RATRED) D2LEEDT
1T7n27z.

42 EREBERZLSVICEER

Photo. 8 VBRI T IELL T O PRI (13 mmE) 4]
BT L 7258 cRon /b 3 CH 5. & Si o
HEF IR0 E VA, TbdTEL, bT 0T
XOTHBICHEELTLED . THICHLT, & St &
BOXNIPIL D EL, PECI O THRSE LI L
Hls b OEEEE RS .

Photo. 9 {% Photo. 8 1Z/RL sl OEFMICE 51D
HEFAEEBRL TV AR TH D, K S BT Cr-
HS5oHA4 FORER, T, B SEBTRERLT
AL L7 Mn-2 ) & — b2 3RO LS.

Photo. 10 & Photo. 11 &, —HREES X
Uy o AT 2Tl U 7o i AR O R IS B
NFERET L AERLET THD. ThHHETED
PIEIE O X F & FiE, FRENIERL TW 2 AED
O, Thbb, KSIHPTIE Cr-#7 294 b,

POBONTIE L AEEN EL TRV EeEiICE DT 70, ' SiosBlcid Mn-v s — POREICEDT
diF i BT A BN U2t bD EELZLIND. B Sn TS, £LT, ATRKILEFOsNEE Si g
Table 6. Chemical composition (%) of 450 l\g ingots.

Steel 7 C ‘ s Mo | P S cro | Ni
K (Low-Si content) 0-06 0-36 1-22 0-025 0-010 18:44 9:ég
L(High-5i content) 006 0-70 1:20 0-025 0-010 18-01 9
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a) Steel K of low-Si content b) Steel L of high-Si content
Photo. 8. Sand mark due to crowding inclusions (hot rolled 18-8 stainless steel sheet-bar

: described in Table 6)
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S CoreTS ge T e “an - & - &>
-{b)
(a) Chromium galaxite in steel K (Table 6) of low-Si
content
(b) Manganese silicate in steel L (Table 6) of high-St
content

Photo. 9. Grouped inclusions associated with sand a) Steel K (Table 6) of low-Si content
marks. X400 b) Steel L (Table 6) of high-Si content

Photo. 10. Seam or line defects attributed to in-
clusions in cold rolled 18-8 stainless
steel sheets.
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(a) Steel K of low-Si content
(b) Steel L of hight-Si content
Cloud-like defects attributed to in-

Photo. 11.
clusions in cold rolled 18-8 stainless
steel sheets.
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