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On the Effects of Treating with Synthetic Powdered Slag on a Carbon Steel.
(Study on the treatment of molten steel W1th synthetlc slag—II)

Koshi Kato

Synopsis:

Molten carbon steels were treated with a small quantity of 'synthetic powdered slag con-
sisting of CaO, Al;O; and so on at pourmg period in order to accelerate the desulfurization
or deoxidation, and to change the shapes and qualities of inclusions and improve the steel
qualities.

It was found that (1) the desulfurization of molten steel advances rapidly and (2) mainly
the sulfide inclusions decrease and the stringer-type inclusions do in the case-hardening steels
and (3) larger inclusions turn into smaller inclusions and (4) the toughness of steels, par-
ticularly, its impact value, is improved remarkably.

Thus, it was evidenced that the treatment of molten steel with synthetic powdered slag

would be useful for the rapid refining of steels. (Received 26 Apr 1963)
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Conditions for treatment with synthetic slag.

Table 1.
; . , : Temperature '
Charge ‘s . Added Slag treatmg
No. ; Composmon of synthetic slag, (%) | slag, (%) mxszlsgg °C) time, (mn)
Vge3 | CaO 45, Aleg 40, CaF, g, Na:CO; 7 3 1560 3
Vaes CaO 30, SiO; 5, CaFg 65 2 1540 2
V865 ) CaO 53, AlLO; 46, SiO; 1 3 1590 3
V366 CaO 72, Al 3, CaFg 25 1 1560 4
V867 Na2C03 100 3 1520 5
Table 2. Chemical compoéitibns of steels melted. (95).
' ‘ | sol. |insol. ' [H] -
»Chak‘rge No. C Si Mn P - S Al Al . N 0] cc/100g
Raw material 0°17 0-21 0-46 0°013 | 0°012 — - — — =
V863 CA) 0°13 0°27 | 0°56 0012 0:024 | 0°048 0006 |- _O’OO6‘ 0°0102 09
. (B)* 013 0°24 0°51 0°014 0012 0°023 0003 0°010 | 00072 05
vaed | - (A) 0'13 . 0°22 0°53 0°013 0025 0004 |<<0002 0*006 | 0*0076 ' 1°0
‘ (B)Y* | 0°13 0°17 049 0*013.] 0°017 <0002 <Q'002 0°00%9 | 0*0070. | 0°5
V65 (A) 012 026 0°48 0°014 0028 <_O'OOZ < 0°002 0*005 | 0*0050 09
. (B)* 011 0-21 0°42 0014 0°022 <0002 |<0°002 0°010 O‘OC_)66‘ 07
V866 (A) 014 0°26 0°53 0*013 0°024 <O,‘OOZ <0°002{ 0°006 O'OQ41 1°2
(B)* |. 0°14 0°13 - Q’49 0:014 0°014 |<0°002 [<<0°002 0°011 | 00082 10
Vae7 (A) 013 024 ‘ O 55 0°014 0026 |<<0°002 |<<0°002 0°010 | 0°0094 11
(B)* 014 0°05 O 49 0012 0'021 < 0*002 {0002 0°014 | 0°0181 11

(Remarks), (B)* are treated with synthe’uc

/7%1%@,'%@ﬁ&ﬁh@096& Al1,05 0°5,
Si0; 1°2, CaO 1°4, Fey03; 0°1% TH 5.
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Photo. 1. Nonmetallic inclusions in the steels treated and non-
‘ treated with synthetic slag. X530 (1/2)
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Table.3. Cleanliness of specimens tested.

o ' Inclusions cleanliness (%) L . .
Charge No. v arger 1nc1‘usxon
Area ] d dA dB dc [length X width (p)]
T number
, (A) 60 0°09 0°08 0 001
Vees | (Byx P 0°04 0°02 0 002
] : ’ ' A 1800X 10, 5100X 20
Y/ . . - - s A )
Vs6s (A) 2 0°06 0°02 0 004 B 11004 \
(B)* 7 0°05 0°04- 0 0+01
. A 450X8, 400X 12
V/4 . . . > ’
V865 (A) 006 0°05 0 001 A% B; 1700X10
(B)* 7 0°05 0°04 0 0°01
(A) v 0°05 0°03 0 0°02
V866 | (B)* 4 ‘004 . 0°03 0 001
veer | (&) v o1z |° 005 0°02 005 A; 1200% 18
(B)* 4 . 017 0°08 0°01 0°08 A; 800X%X17

(Remarks); (B)* are treated with synthetic slag.
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Table 4. X ray diffraction of non-metallic inclusions isolated.
V863 Vess V865 V866 V67
(A) . (B)* (A) (B)* (A) (B)*| (A) (BY* | (A) (B)*
. . 1:... IRhodonite| Fayalite | Fayalite Fayalite FeS Fayalite ‘ - |[Feyalite
comajor | Favalite | Fayalite \"peg ™ ™, Cristob-| FeS  |a- MnS - |
Cont ' aeMaS a-MnS | alite | @-MnS |Cristo- [¥~V1
‘ Fayalite ‘ balite
o ae Mullite | Fayalite |%7_. a-  la-AL0,|Fayalite| Fes FeS
cominor |Cristoba- | a- a-" | CHSW | Cristob- | a-. = e
ent lite . |Cristoba- | Tridym- FeS alite : Cristo- Cristo-
T a- Ales lite ite a— A1203 —AlgOg balite bali_te ’

(Remarks); (B)* are treated W1th synthetic slag.
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Table 5. Mechanical properties of steels tested.’
- f . -
. 'Charge }geég;tg?fnsgettl)l ;[;(;Ié;llteh Elongation ORfe(::_g;lon Hardness ~ Charp y test
No. “70 O gt (%) o (Hs) Impact value | Hardness
(kg /mm?) |(kg/mm?) (%) p
' . ' (kg m/cm?) | . (Hs)
(A) - i — — — 15°8 170
V8O3 | (BYH 208 - 558 34°8 728 - 169 283 163
(A) — — R — — 22°0 163
Veot | (ByH 3344 55°6 359 69°7 159 244, 164
Vaes | (A) 314 547 340 6970 177 . 23°4 156
(BY¥ - 32°4 5279 34°0 70°5 159 30°0 150
Veee | (A) | 3075 56°1 22°0 3347 154 20°5 163
(B)* 3271 53°0 34°0 721 167 29°2 156
1 (A) — = — — = 19°3 170
V86T | (Byx . 29°5 530 33°4 68°2 158 257 156

(Remarks) ;

(B)* are treated with synthetic slag.
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Table 6. Conditions for treatment with synthetic slag (25kg melt).

Charge ‘ L . |Added slag Temperature Slag treating

No. . Composition of §ynthet1c slag (%) (%) on slaogcmmmg fime (mn)
W3102 | CaO 45,  ALO; 40, CaF; 8, NasCOs 7 25 ) 1630 155"

, (300g) .
W3103 | CaO 30, SiO; 5, CaF; 65 7 © 1625 1'56"
W3104 Ca0 55, ALO; 44, SiO; 1 " 1630 o 1is2n
Table 7. Chemical .composition (%) of steels melted (25kg melt.)

Charge . : A ‘ . ‘| sol. .| insol. ' :

No. C | Si | Mn P S Cu ‘ Ni ‘ Cr- Al - Al N ‘ O"
WBlOé (A) | 0°16 | 023 | 0°48 0°023 0°014 | 0*17 0;09 013 | 0°012 <O‘OOZ 0011 00067

(B)* 0°16 | 0718 | 0°51 0°023 0:010 | O°

18 | 0°09 | 014 | 0°011 |<<O*002 0°012 | 0°0068

W3103

(A) | 0°13 | 0722 | 0°45 | 0°012 | 0°023 | O*

14 | 009 | 007 0°018 0°004 0°011 | 0°0062
(B)* 0°13 | 021 | 0°48 0*011 | 0°019 | 0°14 | 0°09. | 0°08 0017 0°003 0°013 | 0°0061

W3104 .

(A) { 0°14 | 0°21 | 0°55 0°011 0°024 6‘14 009 | 0°10 | "0°017 |<0*002 | 0°012 | 0°0044
(B)* 0-14 | 0719 | 0°55 0°011 0°021 | 0°15 | 0°0%9 | 0°10 0016 |<0*002 | 0°013 | 070050

(Remarks); (B)* are treated with synthetic slag.
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Table 8. Clenhness of specimens tested L THRBRREAT IS 27 %mﬁ%ﬁﬁ@éj&&&i@ﬁ N
(25kg melt) A 900°C X 30mn {4, ZIREEA 750°C X 30mn K%,
— BERR 180°C X 30mnZRGTH 5. B oI/ fER% Table
Charge Inclusion cleanliiness (%) QWLTFRT. THE Vbbb LII—RCEERT 70
No. AlfIia d dA | dB.| dC Xy, e, & UES X OMEEE k@ﬁ‘l_&ui);ﬁ_t@q %
B T TETHY, P TCHHEEEOLBRIVHLDHLW. T
wsioz | (A) 60 0°08 | 004 | 0°01 | 0*03 e \ : o
T (B)* ” 0'07 | 0°03 | * O | 0°04 NOORERIIFMH LM CEROLOTH Y, FRAT 7
i . i . . N > for 2607 N E -
wotos | (A) 7 o1z 005 | 007 | oo EESEBITREORRC S LETHRIER S hich
~ (B)*| # 0707 |0°05 (001|001 JThHsb.
watoa | CAY |7 |oti1r]0°04 ) 0°03 | 0°04 (3) /A ¥
(B)* 4 0°10 | 004 | 0°03 | 0°03 25kg 1ﬁﬁﬁrﬁﬁi&m¥<lém%ﬂ§£bfbjfﬁ¥ki D, s
(Remarks); (B)* are treated with synthetic AT AR LA CaO %E)ﬁi%&@‘é/*\)ﬁ%;}%x a2
‘slag. - DL ETRFNGEMOBMZ MREAEL, DE0FER
Table 9. Mechanical propérties & austenitic grain size of steels tested (25kg melt).

: Yield stren- 1 R . - ‘ Austbniti
C}ll\?rge \ ggl t()o.oz% ;l;igigteh Egﬁlga R&d:gifn Hardness Charpy test ﬁrlislgeggl;
No. offse 2 Impact value O oo

‘ (kg /mm?) (kg/mm?)| (%) (%) (Hg) (kg —m /cm?) Hardness | (at 925°C)
VV3102 (A) 3371 58*2 334 65°3 187 16°2 167 2°6
(B)* 33°2 553 34°6 70°5 181 26°5 174 - 747
Watos | (&) 347 49°3 38°0 757 156 36°4 146 76
‘ (B)* 35°0 48+8 394 774 152 37°2 144 746
Watoa | (A) 34°4 5202 . 36°0 732 164 32°7 156 7°8
8104 1 (BYy¥  33:7 51°8 356 750 165 36°4 149 77

(Remarks); (B)* are treated with synthetic slag.
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The Measurement of Modulus of Elasticity at High Temperature
and Coefficient of Thermal Expansion for the Comparison of the
Rate of Frequency of Thermal Stress Crackings in Various Steels.
(Study of thermal stress cracks in steel ingots—III)
Takahivo HArRA, Masao TAKATA,
Kunio OTa and Toru KARASUDANI
Synopsis:

According to the kinds of steels there are some dlfferences in the_frequency of thermal
stress crackings which occur in the heating process of ingots. In this report, we measured
Young’s modulus and the coefficient of thermal expansion of typical steels, within the
temperature range of room tempereature to 1000°C, because they influence the thermal stress.
And using the results we compared the rate of frequency of thermal stress crackings according
to the kinds of steels.

The results obtained are as follows:

( 1) It was found that the Young’s modulus decreases rectilinearly up to 400°C and cur-

‘vilinearly over about 500°C to 600°C in all the steels tested. And the modulus is not influ-

enced greatly by a small change of the components, the inclusions heat treatment, etc. of
steels, but there is some difference among the kinds of steels classified roughly.

(2) As for the coefficient of thermal expansion there is little difference with a small
change in heat treatment for the same kmd of steels but a considerably large difference
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