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Some Consideration on »"che Origin of Sand Marks.

(Studies on'no'nm‘etallio inclusions, ‘especially sand marks in steel—V)

‘Synopsis:

Kiichi NARITA

In a series of the study on the nonmetallic inclusions, especially sand marks in steel,
some consideration herein is made towards the origin of sand marks referring to the results
of experiment which have been reported in the second to the fourth report on this subJect

(Tetsu-to-Hagané 47 (1961) 11,

p. 1588; 48 (1962) 7, p. 850; 47 (1961) 7, p. 907)

The main causes Whlch presumably induce occurrence of sand marks are made clear as.

follows;

-

(1) Erosion of refractory materials for steel ingot-making in contact with molten steel;
(2) Change of molecular species constituting nonmetallic inclusions, and decrease of fluidity
of molten steel under different conditions of deoxidation or austenite-grain refining;
~ (3) Oxidation of molten steel by open air; and (4) oxidation of aluminium, for instance, _
as deoxidizer and as austenite-grain refiner, that might occur together with oxidation of

molten steel by air.
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O Al 220~270g/t, added in molten steel in ladle.
® V 0'1%, added in molten steel in furnace.

Note. Sand marks had been detected in accordance with
the old method of the Japan Society for the Promotion
of Science, and the occurrence tendency of sand marks
are an indication of number of rolled steel material that

-~ .is larger than D20 in sand mark index.

TFig. 2. Effects of Al and V on the occurrence
tendency of sand marks in the rolled
materials of Cr-Mo steel No.21.
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‘ Table 1', ATypes,cha’rac'teristics and occurrence tendency of sand marks.
Deoxidation and i R ) e g . .
austenite-grain Tydpes (;fk Characteristics Occurrence Id_entlﬁcatlon of inclusions
refining sand marks \ tendency in san}d marks
10~50p greyish white~grey )
undeforned crystals are in- : Urxlleg)rml\:g C}S’Séals'-
. cluded in dark grey~black- Lty ' (Mn: F:Man)
b i Complicated ;Sal;e d g];lzztiizrgl:ll;rlsflt(l)igdgﬁg Many Refract_o_ry alumino-
: longitudinal direction during 21 ; scllhg:at?s. .
forging or rolling. gﬁga e(S}gc usions:
Al The length of sand marks I; 1ca (51 ,,?)"n silicates
220~270 g/t is 0*1~5mm, rarely 10mm. on-, mangano-sil -
added . .
in molten steel grgr’\fz?}f‘s ¢ aglrﬂ’f‘:f Vgg}.te"’ . Al,0s,
in ladl S m 1ngs . _ . :
! e . stretched along the direction . MO-A1:0; (M:Fe, Mn),
, Crystalline of forging or rolling Relatively Refractory alumino-
‘ The length of sand marks few silicates.
v isQ%«Bmm;rm@WlOmm.
Light grey~blackish grey
glassy inclusions elongated )
' plastically along the longi- oqs .
Amo;pho_us. tudinal direction during Rarely ISlhca (8i02), Ticat
forging or rolling. : ron-, mangano-silicates.
The length of sand marks ‘
is 0*1~0*5mm.
5~50pu grey~dark grey, Undeformed crystals:
platelike or columnar crys- Al,05, MO-A1:03,
' tals crystallized out of pale 3MO-AlL03-3Si0;
. grey~grey inclusions elon- (M:Fe,Mn),
CaSis 800 g/t Complicated gated plastically along the Mary Refractory alumino-
v g 01 05 : longitudinal direction . dur- silicates. ‘
add d" ing forging or rolling. Elongated inclusions:
in moltei steel The length of sand marks Silica(Si0s), Iron-,
in furnace is 0*1~2mm. mangano-silicates.
' Pale grey~grey inclu-
sions elongated plastically
lalong the longitudinal de- R . oqs .
; . . elatively Silica (§i0g),
Amorphous ;gﬁ%’g during forging or| "g o Iron-, mangano-silicates.
'Thelengﬂlofsandrnarks
is 0*l~imm.
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- Note. T, M and B denote the top, the middle and the
) * bottom parts of steel ingots, respectlvely

Amounts of Al that had been added in SAE 1030,
SAE 1040 and SCM 21 molten steel in ladle, are 200,
170 and 270g/t, respectively.

- Effects of steel ingot-making atmosphere
on the occurrence tendency of sand marks, the

amounts of oxide inclusions, and the recovery

" of the Al which had been added as the de-
oxidizer and the austenlte—gram reﬁner, in

: , the forged madterial.
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Fig. 4. Comparison of the deoxidizing powers
of Al and V in liquid iron at 1600°C5~10),
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Fig. 5. Effects of Al and V on the components
const1tut1ng oxide inclusions in Cr-Mo

steel No.21.-
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Table 2.

" Results of chem1cal analysm and X- ray d1ffract1on of scums.

Teeming | §i0O, AlgOg MnO

Heat. No. process| (%) | (%) | (%)

Fe:03] CaO | MgO |Crq03
(9%) (%) (%) | (%) |

X-ray diffraction

SD 2094
(SCM21, Al 220 g/t)

- Top 27°86| 40°15/ 2167

a~A1203, FeO . A1203,

7_.10 0747 | 1730 | 1771 Glassy mangano-silicates

4'99 | 0%40 | 1°01 | 1°73

a-Al;03, FeO- (Crz03,
AlO3), a-SiO;
Glassy mangano-silicates

a- AIan, FeO- (szoay ‘

Bottom | 31°09 39°44| 21°10

" Bottom | 27*14] 45°10| 20°13] 4°80 | 0*54 | 1°05 | 1°05 | Al;Os),
(SCM21, Al 220g/t) : : : ' | Glassy mangano—sxhcates
- SD 2933 a-Al;0s,

396 | 0°16 5.70 0720 Glassy mangano-silicates

(SCM21, Al 220 g/t)

Bottom | 25°17| 44°03| 22°20

a=AlOg, "

5715 ) 1766 1 043 ) 0°93 Glassy mangano-silicates

LF 1505

(SCM 21,CaSi; 800g/t, | Top | 31°27| 36°77| 21°73

-V 0°1%)

a-Al0s,

505 0769 241 | 1740 Glassy manga‘no—silicates

KE 1185

(SCM21, CaSiy 800 g/t |Bottom | 37°18 31°35| 22762

VOl%)

4°62 | 0°76 | 4°90 | 1°02

N 4 A1203,
Glassy mangano- sﬂlcates

SE 9907

(SAE 1040, Al 220g/t) Bottom | 26°52| 45°63| 20°75

a-Al 203, FeO—Aleg s

5'28 056 | 1°96 | 1°41 Glassy mangano-silicates

SD 1651 .

(SAE 4340,CaSi; 800 g/t,| Bottom | 28°76] 41°48] 21°49

Al 50g/t V 0°1%)

a-Al0g,

4785 | 0779 | 2702 | 1*08 | Glassy mangano-silicates

Note. SCM21 : Cr-Mo steel No.21, SAE 1040: Medium-C steel, .

SAE 4340 : Ni-Cr-Mo steel.
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Table 3. Results ofkchemical analysis and X-ray diffraction of slags.

: | Si0g| Al:Os | MnO | FesO3 | CaO | MgO | . . .
Heat No. Slag (%) (%) %) | (%) (%) (%) X-ray d1ffract1on
| Slag on the molten | CaF
steel in furnace, 13+69) 4°65 | 1°06 | 6°58 | 58°24 | 10°19| &R
8 -before tapping. - 7-2Ca 102
SD 2984
Slag on the molten ‘ : 5Ca0-3Al;0;,
steel in ladle, just 18°90| 7°22 064 2°58 54°85 9°03 7-2Ca0-8i0;,
after tapping. . _ ) “CaFs
Slag on the molten ‘ 7-2Ca0-Si0s,
steel in furnace, 14°73| 387 118 572 59°45 9°55 CaO,
_ before tapping. CaF;
. SD 2994
Slag on the molten , 7-2Ca0- Si0s,
steel in ladle, just 17+48|. 6°*96 0°*51 261 5622 8°86 5Ca0-3A10s,
after tapping. . ' CaF;

s

Table 4. Results of chemical analysis and X-ray diffraction of refractory materials

for steel ingot-making.

. SiOz A1203 MnO Fe203 CaO MgO _ . .
3efrgctory materials \ @) | @) | @) | @) | (%) | (%) X-ray diffraction
A runner brick - : . . . . . . ‘ 3A1,03-28i0,,
before use. 78473 1957/ 0*15 | 148 | 016 | 0°20 Si0; (quartz)
A runner brick was used to steel ingot- o
making and thermal-affected. (Fine 77°85| 19°70| 031 | 1°45 | 0*13 | 0°56 3‘.6‘1203 2810y,
: A ; ) SiOs(quartz)
structure portion).
A runner brick was used to steel ingot- | - ‘ SiOs(quartz),
making and eroded. ; 62°82] 21°92| 1129 2*71 1 0°09 | 136 Glassy
(Black glassy layer). ‘ _ mangano-silicates
SiO:(quartz, ‘
A ladle brick, before use 74*90| 23°00| 0°43 | 1°19 | 0°30 | 0°23 | cristobalite),
: ; Al;,03-Si0O,
A ladle brick was used for steel ingot-., ' Glassy
making and eroded. 44°13| 3582 15°46| 3'05 | 0°37 | 1*19 | o o mo-silicates
(Greenish black glassy layer).. g
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Upper:. In siliceous runner brick. (i.d., 45mm)
Lower: In high alumina runner brick. (i.d., 45mm)
Note. Chemical composition of runner bricks.
(1) Siliceous runner brick, Si02:79°15%, Al,0;:17" 45%,
Fez03:2°53% Mg0:0'00%, MnO:0°06%, Cr205:0°53%
(2) High alumina runner brick, SiO;:47°65%,
A1,04:47°62%, Fe203::2'85%, Mg0:0°15%,
MnO:0°07%, Cr203:0'12%

Photo. 1. Appearance of steel blocks solidified

in the runner bricks. -
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Effects of Chemical Coniposition in the Specified Range on Cor_ltinu»ous '
Cooling Trahsformation Behaviors of 0°6%C-Ni-Cr-Mo Steel.

Tatsuro KUNITAKE

‘Synopsis: :

Continuous cooling transformation diagrams were determined for five steels selected from
the same grade, 0°62,C-Ni-Cr-Mo steel. It was revealed that small variations in chemical
«composition- within the specified range ‘of the steel resulted in an appreciable difference in
transformation behaviors. Transformation behaviors of the steels were expressed or com-
pared quantitatively in terms of important characteristic values capable of representing CCT
diagrams. Various empirical relations were presented which enabled us to predict continuous

* EB%H%ELLHZK BEAE &zf%ﬁ w R SR TERRSE R REETER B




