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Study on Oxide Inclusions in» 18-8 Stainless Steels

Tetsuya SAITO, Iku UCHIYAMA, and Toru ARAKI

Synopsis:

A study was carried out on the deformation of oxide inclusions in various 18-8 stainless steels containing
0:01~0'919%, Si and 042~1'92% Mn. The changes of inclusions from amorphous to crystalline by hot
working or heat treatment were discussed. The results are as follows:

(1) When the content of manganese in steels is higher, the degree of deformation of inclusion increases
with the silicon content, because most of the inclusions changes from MnO-Cr,O; to mangano-silicate with

increasing silicon content. In the case of lower manganese content in steel, however, the degree of de-

formation of inclusion is not so largely varied within the silicon content range of this experiment.

(2) The inclusions in the as cast specimens containing about 1-0% 8i and 0-5%, Mn, is mainly amorphous,
but are changed to spinel type MnO-Cr,O; by heat treatment or hot working.

(3) X-ray diffraction indicates that the inclusions in the as cast specimens containing about 1:0%
Mn and 1:0% Si or about 1:8% Mn and 109, Si, are changed from an amorphous state to rhodonite

(MnO-S8i0,) by hot working or heat treatment.

(4) As the chemical compositions of inclusions remain constant through their changes from amorphous
states to crystalline one, these changes are considered to be due mainly to the crystallization: of inclusions

by heating.

(Received April 7, 1969)
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Table 1. Chemical compositions of specimens (25) .

Steel No Cr Ni Si Mn Al C S O
1 181 ‘88 0:01 1-90 0-004 0-02 000, 0-043
2 18-4 88 0-30 1-85 0-00g 0-01 000, 0-040
3 18-2 8-9 0-77 1-92 0-00g 0-04 00y, 0-046
4 18-8 9-1 0-01 0-98 0-00, 0-02 0°00g 0-045
5 18-4 9-1 0-37 0-88 0-00, 0-01 00y 0-033
6 18'8 90 0-91 0-91 0-00, 0-01 0-00, 0-021
7 187 8:9 0-02 0-42 0-00, 0-01 00y 0-040
8 18'6 9-0 0-30 0-43 0-004 0-01 0-00g 0-035
9 181 89 0-81 0-48 0-00, 0-01 0005 0-027

- Table 2. Chemical compositions of additional ingots (%) .

Steel No Cr Ni St Mn Al C S O
23 A 18:08 862 0-91 0-51 0-00¢ 0-007 0°0p 0-031
R 18:21 8-52 0-88 0-50 0-00, 0-009 0°0y 0-034
24 A 1826 8:62° 0-98 1-04 0-00, 0-008 0-0, 0-036
R 18:07 8-61 0-97 1-00 0-00, 0-008 0-045 0-036
25 A 18:36 8:59 1:02 1-80 0-004 0-010 0-0; 0-028
R 18:37 858 1-01 1-73 0-00; 0-009 0-0; 0-021

{(Note] A: As cast, R: Forged and rolled after heating at 1150°C for 40min,
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Fig. 1. Change of oxygen content and cleanliness

with position of ingot.
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(a) Steel No 1, showing spinel-type MnO

(b) Steel No 9, showing amorphous inclusion

Fig. 2. X-ray diffraction (CrKe radiation) chart of inclusions extracted from different
positions in ingot. *Distance from the bottom of ingot.
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(a) As cast
(c) Hot rolled
Photo. I.

Photo. 2. Two phases inclusion consisting of
undeformed MnO-Cr,O; and de-
formed mangano-silicate.
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(a) As cast (b) Forged
(¢) Hot rolled - (d) Cold rolled

Photo. 3.. Deformed inclusions in steel No 3. x400 (3/4)

(a) As cast (b) Forged
(c) Hot rolled ‘ (d) Cold rolled
Photo. 4. Deformed inclusion in steel No 6. x400 (3/4)
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(a) As cast (b) Forged
(¢) Hot rolled (d) Cold rolled
Photo. 5. Deformed inclusionin steel No 9. X400 (3/4)
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Photo. 6. B type inclusions found in cold rolled
steel containing high silicon.
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Fig. 3. Relation between composition of steel and relative plasticity

index (v) of inclusion.
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Mn =190% Mn =090% Mn=045%
040 o—o A-type
: /l o—0B—type |
030 / \X_ oC—type \ 3
020 \-\ >< \q " © Forged
Ol10 / \ /
] )<\.
o X V‘g—\\m t’/.—o-\&
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< 030 I e—e C—type
o D\ \ \. >
w 020 % N Hot tolled
2 N -
o O’d ﬁt/ . > '~
S 0 — 8/ [—Q Lo—o \5
40 T T
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) e—e C —type
3
s/ R yod
020
\< Nt Cold rolled
3 3 \
5—0= \An—— o0
o) 04 08 120 04 08 120 04 08 12
Silicon (%) Silicon (%) Silicon (%)
Fig. 4. Relation between cleanliness and silicon contents or manganese
contents at three stages.
Table 3. Results of X-ray diffraction of extracted inclusions.
Steel As cast As cast As cast-+ Hot worked Hot worked+ | Hot worked+
No 1150°C x40 min| 1150°C X 4hr - | at 1150°C 1150°C x40 min| 1150°C X 4 hr
Spinel type Spinel type Spinel type Spinel type Spinel type
23 | Amorphous MnO-Cr;O; | MnO-Cr,O; | MnO-Cr;Os | MnO-Cr;O; | MnO-CrsOs
Rhodonite Rhodonite Rhodonite Rhodonite Rhodonite
2¢ | Amorphous MnO - SiO; MnO-SiO, MnO - SiO, MnO-SiO, MnO - SiO,
Rhodonite Rhodonite-* Rhodonite * Rhodonite * Rhodonite *
25 | Amorphous MnO- SiO, MnO-SiO, MnO - SiO, MnO-SiO, MnO-SiO,

* With a few unidentified diffraction lines
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| | | | 1 | i | 1 | | o
No 23 As cast, 1150°C + o No24 As cast, 1150°C-40min - m’;"’zs‘ués cast, 1150°C-40min
i g 40min RN . PN A
&N N ~_[_' —— DN . —q-dw-anw..r.u\ "f“ i
Los ¢ 'No24 Roll ' 'No25 Rolled
) No 24 Rolled o olle
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§ l B z E Mmﬂ le’
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(a)
(a) Steel No 23

(b)
(b) Steel No 24

(c)
(c) Steel No 25

Fig. - 5. X-ray diffraction of inclusions which change amorphous to crystalline

((a) : Spinel-type MnO-Cr;O;, (b) : Rhodonite MnO:8i0;, (c)

: Rhodonite

MnO-Si0;) by heat treatment or hot working.

c

(a) As cast
(b) Hot rolled at 1150°C
(c) Hot rolled +1150°Cx4hr
* 400 (3/4)

Photo. 7. Typical inclusions in the steel No 23,

Photo. 7, Photo. 8 35 X T Photo. 9 IZ kDD DIH
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Xl Fig. 6, Fig. 7, % XU Fig. 8 itkDkD
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FAEIES 1150°C T 4 hr fin#hL 723808 3 X ORI LIK
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Mr‘«*‘. -
a b
. E
| (a) As cast
(b) Hot rolled at 1150°C
(c) Hot rolled+1150°C x 4hr
& GFY o %400 (3/4)
-
Photo. 8. Typical inclusions in the steel No 24.
* . .
. <
®
&
e © b
(a) As cast
(b) Hot rolled at 1150°C
M (c) Hot rolled+1150°C x 4hr
. X400 (3/4)
L -

c «

Photo. 9. Typical inclusions in the steel No 25.
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LT, XBvA 007 F 54— TR LHERY
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Fig. 6 D&, g LR EBORED I FET NE
W EEMEZERE 5T 1150°C ¢ 4hr MBAE{Te D7
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SRR O FIHE B

Cr :17'7% (Cr:03 & 1T 51'79)

Si 1132 (8i0; & LT 24'19)

Mn : 17-9% (MnO & LT 23'19p)
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No 23

As cast No 23 Rolled,
1150°C-4hr

100%, standard

Fig. 6.

No 24

4

Distance  ( u}

Typical inclusions in No 23 as cast and
No 23 rolled+1150°C X 4hr analysed by
X-ray microanalyser.

As cast No 24 Rolled

100% standard

No 25

Disfoﬁce ()

. Typical inclusions in No 24 as cast and

No 24 rolled.analysed by X-ray micro-
analyser.

As cast No 25 As cast,
1150°C -4 hr

100%, standard

Fe

Fig. 8.

80

40 20 0
Distonce  { u«)
Typical inclusions in No 25 as cast and
No 25 as cast+1150°C X 4hr analysed by
X-ray microanalyser,

Fe : 1'39% (FeO rL<T 1'7%)
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Table 4. Results of spectrographic analysis of
inclusions extracted.

Sample Cr Si { Mn | Fe
No As cast ]5(+) 8(+)| 5(H)| 5¢+)
23 H t 11 d+ y ' 3 o
1150°C x 4 he | 3(H)| B 5(+)| 5(+)
As cast 4(H)| 8(H)] 6(+)| 5(+H)

No
24 Hot rolled +
1150°C X 4 hr
No As cast

25 Hot rolled +
1150°C X 4 hr

]M+)M+)M+)M+)

4(+H) 8(H)| 7(+H)]| 5(H)

4(+)| 8(H)| 7(H)| 5(+)

ET, o—Fr4 b (MnO-SiO,) DEIFEENED Hh
5X 5/ 5iAfE No 24 XU No 25 OB HEE
THENEME Y v AL ST LR S & 7D
7o-

ZOX5T, SRPPCHEET SRENLBRILD TN
ERHECOWTOXBEI A 707+ 54 F—-T X B4
MR EFEC U TEELLY, ZIHLELKONEDDOMHE
B ARBCET 2R % 5 27291, & No 23,No
24 3 XU No 25 DR DB DO LIKRED P 508
CEMRIEE S 1150°C T 4 hr B % 770 D730k
PO ENFIEEHE LT, %0 X 3Emsie
fTisD2f TOFRR%2 Table 4 TR3.

FhORS S X OMEIZ ALY A ROMENIEE S T
L, A—THEORILOWVWTIE, TOEEELBERSTT
MINTEBETHS. PRIGEEC I Y AT ED R
WTITRbNAERD THLMAIRENRTWVWS X5, 38
FIEEBAEDE LTHELTWAIESEHE SiO, B
EIEBBIT W TEBEOHEKIT X v iERLs (g En,
a-27 YA MNT A4 MEELTHRE, EEBROLS
HEERLE BV TCIEZLNH L ETHHH, KAERT
WX D EIDWTERI T blehr ot

WKL 5, KEBRTHWZHEROMICES W TED
5, XiEHRTIEGEONEMOMER £ DT X
HAERNVED MnO-CryO5 HBWIo— FFr4 b
(MnO-SiOg) ~DZE{L1E, BB X 5N EMOMARZE
LEWVS XD BT L AIEMAERIT X > CHk LIREEO
BHRCHFET SN ENORGIESEL oD & Bbh b,

4.

18-82F v RAD OB L RIEEBNEDOTIE S
DVHEBMEIC X 5FFERTLTROX S EREE
7z.

ill]

(1) NEMOEET XHERCEALTE, Mn 20
VAT, Si BV siE, MnO-Cr0; 23
ERERD, ZERREINERDED, SiBBSEL kDL,
LAV~ beA TR D TERRIIEY. —F
Mn FInEMA DI VIEESIIE, SIEBRARITNE, i
Wii MnO-CrO3 L2 TEREIINERS. L
P LEREENTE, SIEXEMLTLERERIISEA
EEEANL TWwigy.

(2) ()THRXZMnimEo LWz LT Si &
DL\~ TE D F Y LK OB P IIFET 5 EDIE X
RANTIIIEREATH 55, BB X2 TRAERVED
MnO-Cr,03 OESFHERT IS K.

(3) Mn=1-0%, Si=1'0% 3% X% Mn=18%,
Si=1-0% DFNK LIKEEDOFE P O NFEMIE XIEHIITIT
ERETH S, BT Ee — KF+4 b (MnO -
SiO) % RT X5 TS,

(4) ®lRo X 5 7aZE{bhE, MBMIEC X Y IERER
EDOFERILPRESNEedLELONS.
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