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. . ; " A (ppm) 127 10 8 8 0 55 1°20(%)
‘No. 10 S;?elglless B (ppm) 36 12 8 5 0 18 1+20(%)
) 177 PH C (ppm) 91 0 0 3 0 37 0°00(%)
, 1y D (ppm) 43 0 0 2 0 45% — :
‘E (%) 96 0 0 4 0 — —
- | Stainless A (ppm) 36 12 8 5 0 18 1°20(%)
No.10 | steel . B . (ppm) 26 10 6 2 0 9 1°17(%)
) 17-7 PH C (ppm) 10 2 2 '3 0 9 0°03(%)
| 2 D ‘(ppm)- 5 1 2 1 0 9% —
' . E (%) 56 11 22 1 0 — —
. A (ppm) 9 | 174 16 tr. 122 190 30
. Magﬁg‘;c B (ppm) 5 4 |1 tr. 2 80 30
No. 14 | o 2N - C  (ppm) 4 | 110 5 0 100 110 —
D  (ppm) 2 58 1 0 26 87% —
‘E (%) 2 67 1 0 30 — —
. A (ppm) 10 | 197 21 tr. 19 180 30
Ma;gﬁghc - B (ppm) 3 5 7 tr. tr. 88 20
No. 15 | «ome coNi C (ppm) 7 | 192 14 0 19 92 —
D (ppm) 3 | 100 .3 0 4 110* =
E (%) 3 91 3 0 3 — —

A: Air-melted electrode [exceptionally in No.10, (2) A is consumable eléctrode arc melted metal]
B: Consumable electrode arc melted material.
C: Oxide quantity is decreased. )
D: Decreased oxygen quantity calculated from (C), and sum of them is shown in * term. ~

E: Ratio of decreased oxygen quantity (D) versus sum of oxygen decreases (*).
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©On the Nonmetallic Inclusions of a Bearing Steel Treated with Acidic Slag.

tSynovpsis:

It is interesting that when molten steel

(Study on the treatment of molten steel with synthetic slag—I)

Koshi KaTo

has been treated with various synthetic slags, the

latter is presumed to have some effect on the nonmetallic inclusions and the steel quality.
A bearing steel (C 1°0%, Cr 1°5%) treated with synthetic acidic slag (A) was compared

* MHAISTE 4 BAKEHAKICTHE M REAEME N4, BIEHT
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with a non-treated similar steel (B) with respect to inclusions and steel qualities. The

deoxidizers used are Al; Al+Ca-Si and Ca-Si.

The steel (A) .contained more oxygen than the other steel (B), but with respect to the
) chemxcal composition, cleanliness, results of sand mark test and macro-etch test, both (A)

and (B) were almost equal.

There were found elongated inclusions (A-type) in a bearing steel added with deoxidizer
Ca-Si and treated with acidic slag. An examination of the inclusions by transmission electron
v diffraction showed that the inclusions consisted of a-tridymite or fayalite.
- Therefore, the elongated inclusions in steel (A) presumably consisted of FeO-SiO; system
Thus the aforementioned on the treatment of molten steel with synthetic slag evidenced
that the slag treatment would control nonmetallic inclusions in steel.
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Table 1. Chemical composition of specimens. A

" Ch - Addition of - Chemical composition (%) '

Na;‘ge ~ deoxidizer . \ —— : : )
CE o (ke) C | Si |[Mn| P S | Cu-| Ni | Cr {Sol. Al |Insol. Al

v 0795 [0°15 = <n 1730

2743 SV A %éé)deeghOd 0198 | 026 | 0°33 | 0+024 07009 | 0%10 | 0*14 | 1744 | 0:005 |<0°002
7 " ) 0°27 | 0°32 | 0°024| 0:008 | 0°09 | 0°14 | 1°43 | 0°004 [<0'002
- @ (AY- 7 0°99 | 0°28 0°25 | 0-014| 0-007 | 0°09 | 0*07 | 1+45 | 0-007 | 0-002
3744 | 0°5 - KB)- 7 0°99 | 0°26 | 0°30 | 0*015| 0°010 | 0°09 | 0*06 | 1°46 | 0°010-} ~0°002
® (A~ 7 1+00 | 0*28 | 0°28 | 0*019| 07010 | 0°09 | 0°06 | 1*46 |<0°002 |<0°002
3746 | — — WB)- 7 |0%99|0°25|0°31 | 0°020] 07009 | 0*09 | 0707 | 147 |<0"002 |<0*002
- @) . . [(AY- 7 | 0°96 | 0°28 | 0°31 | 0018 0°008 0°08 | 0°06 | 1°45 | 0°010 | 0°002
3747 | 0°5 + (B)- 7 1°00 | 0°28 | 0°30 | 0023 0°007 | 0°09 | 0*06 | 147 | 0°012 | 0°002
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‘ .Table 2. | (_}gs composition of vspecimens.
Chgtse | Sazpine | 101% | cofiods
| Before tapping| ~ 0°0027 | . 3°8

TN e | () 0°0057 | 45

, | (B) |- 00048 - 5°5

' Before tapping 0°0038 ' 4°5
3;744 Ladle (A)’ 'ov-ooeo 4e7
(B) 0°0045 50

Befdre tepping| O'Obl2 ‘ 3'7

7o Ladle | (A) | = 00048 37

(B) 0°0029 58

Before tapping 0°0017 | = 3°5
T e | )| e |22

72h® (BT (A) HREMES) X OVRE L vio
(BT (B) BR2IEE) 0)11:;@‘25‘(@%&4@%) % Table
1 e H A4 % Table 2 IR . ‘

(2) EOMTEXCHK

%\ﬁ[ﬂi}mcbwt‘/——#’/{f (1200°C x25h) %%, 95
mm AT ) ICHEEL, W\ TEHEFO—
% 3s5mm AUHE (NTHI42) 1@ BV % 5'5mm A
(IR HE5750) D#AFICITL 7. | ~

FEEBAEWO T 7 v psFAER 95mm A ITOV
T, kX, s oEREBIL 3Smm A TIEOR.
B, ThOOMBHCOWTII3I & kS EYRE, FaR
%&k@@mﬂ%%%MLoo%é
biw?h%&ﬁba%

I RRERBIUOER

L@, @,® KX @D & 5 icFAL % L rCa-Si
DEMD BB ADE R b DX BIEAE L TR,

o, AUEEEESECHEEL AR DIERL, B
HEPSIECREL L2 d © [(A)EE] L 25 Thyvho[(B)

Bl 4AMOBERCOWTER T, EROC L & &E
R E AT RO RICOE, BRI 5.

(1) BRSO LzonT 7

P23 )5)25} Table | »O¥ % X5 CEMOWBHEELD,
(A) BRI (B) BEOMIKFAA EEE 250 k.
cnm%%a@ﬁ%ﬁ@%ﬂﬁ%ﬁmﬁmﬁ#ﬁokk
DEEZDBIND.

H A [H] 5% (A) &, (B) {i‘&%kbﬂ%ﬁﬂam

SERBIENTTE LA TV S DIR—RIESRTH D

BT [H] 0%& L (A)EDERE.
2)

ZOFEMITOWT

7% (A) #:E (B) &%ktix?ét (B) /mm@ '
BERS. BAviiBAlOEEIC X 521300, [0]
W [HI X[EE $52hTHuvss (A) ke (B) Eok
(Table

X»"ﬁ R Table 3WRT X ‘5 wEEERS e

CVOTIEAWRE S, SiO, AlOs, MnO XUt FeO

P SRR THMOBRZ R L (No. 3747

"® FeO D HuEEAL TW5.) Cal BHEAL TS,

—F5, BMER T 2ok SiOs 5588 N o i &R
L, MnO, AliOs i3 24 EZ{ER B BN, FeO
12 No.3746 & 3747 Tk B4 ORERI D55 N5 35,

No. 3744 TSI L T 5. BAvi-RERfloEE

LOBRICoW T EE M X5 2T Al EEEIE Ve

No. 3744, 3747 1% Al 272030k 8L TF -
LC FeO B3&FHAOGRRD D, T FesOs 13K
H OB 250 5. :

(2) AFEMTET 5~ 2 o R

o ZE <, BrOBRGCETS (A) B (B)
HEDER S LD D T, WIATEMICET 5 <.
o EERER, ThEbbiE X, v?mﬁ%ﬁ@#%kov
ek 5. :
: ﬂﬁﬂezaﬁ%ﬁ%%&:‘owﬂi Table 4 KzTﬂ*:“J;Q
No. 3746 %FRVTix (A) & (B) Eofflicig: A

TR, WO EIFTHS. No.37460 (A) ¥

D F XA B OREMICIE. T DML IR H
BiEEFI% B Te o 7e d O Th 525, LIRS, H A%
b, Mol RBL TRERR . i, Hild b
X5 2 R lBATENCET B ERICOVTHVLS L
U VEREE R LB dsode. Liztso TR
AR RS DRAES RS R LETRL 5 <88
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Table: 3. .Composition of slag (%).

Chér 'Ae Samplin . » . o ) i R
Nf o per?odg' SiO:. | FeO | Fe;03 | AlO3 | CaO | MgO | MnO | TiO; | M.Fe ~
Ladle | 6364 tr. 0°32 | 6°52 | 7°95 | 0°26 | 004 | 0°75 | “0%67
(A)| After mixing 63°86 | 0°29 008 7°04 8°40 012 0°04 L0760 067 :
‘743 | | After pouring | 64°20 | tr. 048 | 7°04 | 8°34 | 0°16 | 0°04 | 0°50 | 061 v
.Before tapping| 24°80 |- 0°22 1| 0°40 "1°50 | 62°55 | 5°52 0+47 0*55 022
(B) Ladle 25°44 | 1%65 | tr.. 278 |59°36 | 3°96 | 0°55 | 0°35 | 0°17
| After pouring | 38°28 | 0°79 | 0°08 | 9+45 |39+59 | 252 | 2°13 | 045 | 022 .
~ Ladle 62°42 | 0°43 tr. 820 | 812 | 020 | 004 | o055 | 056
[(A)| After mixing | 60°10 | 0°57 ” 803 | 88 | 0°26 | 004 | 0°50 | 0°50
s744 After pouring | 64°02 | 0°36 | 7 824 | 7°95 | 028 | 0°04 | 045 | 0°61
' " | Before tapping| 24+68 | 0°50 tr. | 1°87 | 60°51 | 4°30 | 0°26 0%45 0°22
(B)| Ladle - 2632 | . 0°57 | .~ .| 2+47 [59°89 | 4*92 | 0°38 | 0°45 | 0°22
After pouring [ 33°30 | 0°57. v 6°60 | 49°20 386 0°89 .| .0°55 022
| radte | e2s2| tr. | 024 | 933 | 7090 | 026 | 0v04 | 050 | 050
(A)| After mixing | 60°68 | 036 | 0*l6 | 8°53 | 812 | :0%26 | 0°04 | 055 | 0°50
4746 | | After pouring | €4°80 | 050 | 024 | 891 806 | 0°12 | 0°04. .| 0%40.| 0°17 .. L
46 : Y
| Before tapping| 24°56 | tr. tr. 2°29 | 63°56 | 3°98 | 0°30 | 0°50 | 0°22 "
(B)|. . Ladle 1 25°86.| 007 0°08 224 | 59+47 5°52 0°30 0°55 0°45
|' After pouring | 32°54 | 0°43 | 0°16 | 5°18 |50°40 | 4°94 | 0%64 | 0°55 | Q22
- Ladle - 61°04 | 057 | tr. | 9745 | 865 | 0:20 | 0704 | 0°50 | 0°34
(A)| After mixing | 60°76 | 0776 | 0°08 | 9:50 | 876 | 0716 | 0°04. | 0%60 | 0°50
3747 ‘After pouring | 60°98| 0793 | 008 | 9°6l 882 | 0712 | 0°04 | 0°55 | 0°39.
‘Before tapping| 23°14 | 0°72 | 0764~ | 2%29 |60°42 | 6°18 | 0-21 055 | 017
(B) Ladle -~ | 23°86| 0%65 | 0%48 | 226 |58°'52 | 5°06 | 0%°26 | 055 | 0°17
After pouring | 28°00 | 0%36-| tr. | 3786 |56%42 | 5°04 | 0°38 | 0°50 | 0717
.. Table 4. Sand marks of a 35§ bar.
, : Total number-(total length)-(sand mark No. of max.
Charge  |Sampling length) of sand marks M i
o - No. | No. “1st step spec. dia. [2nd step. dia. 23mm|3rd step dia. 17mm acro-etch. test
: i3I mm leng. 63°6mm|  leng. 63*6mm | leng. 63*6mm | o e }
wl L o . o0 0 |TC(+),T(+) -
2. | .. .0 e 0 .0 TC(+),T(+),P(+)
3743 | e , —
B B R N ¢ : 0 ) 0 ATC(+), T(+)
B} 2 | 0 22—4°4(2) -0 |7 v
P 1 ' 0 0 B 0 TC(+) :
(A) o 0 _ 0 0 r . B , ’
3744 . : — 1,
B 2 1re—372(2) 0 : 0 v _
. . . . . [3
. e 1 | 43+2—360"0(64) 50*6—275°0(10) 24°0— 59°4(8) |T(++)
o : (A) 2  16°0—180°8(50). | 33°0-—147°4(10) 28°6—112°2(6) y
3746 ' , ' ’
- : o - .0 : o . |TH),P(+H)
B 2 o 0 R 0 > P
. 0 o | 0 T (++).
(A) 5 0 0 : 0 ST ()
3747 :
- , R T 0 ~ o . v v 0 A7 . _
(B) 2 , 0 ’ 0 h 0 o T
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Table 5. Cleanhness of 955; specimens. -

~0)u0$<uunﬁxb&$ﬁﬁimgw

Charge ‘Sampling .Cleanliness (by JIS) .
No. | jposition | ;| yalaB]|ac
" Top 0%06 | 0°03 0 | 003
(A)| Middle 0°10.| 0°06 0 |o0°04
Bottom 010 | 0°03 0 0°07

3743 — -
Top = |0°130°02 0 | o°11
B | Middle |0%°08|0°02| 0 |O0°%06
- Bottom 0+11 | 001 0 ]0°10
Top 004 | O 0 | 0*04
(A)| Middle 0*11 1 0*01. | 001 | 0°09
Bottom - |-0°14 0 0 | 014

3744 : - -
‘Top 0°13 0 0 |0°13
(B)| Middle 007 | O 0 | 007
Bottom 0°07 0 | 0°0l | 0°06
‘ +Top’ 0*06 | 0°04| O | Q02
(A)| Middle 0°05.] 0*0}: { Q:01 |.0°03
. .| Bottom 0-12 | 0°07 0 10°05

- 3746 '
: - Top - |"0*10 | 0°03 0 | 007
(B)| Middle 0*16 | 0°05 0 | 011
Bottom 0°07 | 0°02 0 0°05
Top | 0°14 | 001 0 |o0°13
(A)| Middle .0°09 0 0 | 0°09
Bottom 0-10 0O | O (010
3747 - .

' I Top . 0*17 {0°03 0 | 0°14
(B)| Middle 0°06 | 001 0 | 0405
: Bottom 0+08 0o O |0°08

* (A) is the spec1men treated with acidic.
_slag, and (B) is the non-treated spec1men.
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Table 6', T'ypés of inciusions in eéch specimes.
3743 - | 3744 | 3746 3747
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Fig. 1.
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Table 7. COmpositi’On of oxide inclusions (%).

BT EFOREL LSS5 : — —
: F,' . Charge No. Si0Os- | AlO; FeO MnO | Cr20; | Total
& No.3743 BXUt 3746 - - :
Al =Y DELHE VAN 3743 | 0°0015 | 070018 |  tr. ‘nil | tr. | 0°0033. -
(AL Q&!é{ﬁ?% (Deoxidizer: Ca-Si) 0*0006 | 0°0016 y Vi 7 0°0022 -
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