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THE ORIGIN OF SAND MARKS |
' (The Study of Non-metallic Inclusions—V)
| Masao Kawai, and Hivoshi Kimura

Synops1s

The origin of sand marks is caused by the ingot defects, and those defects are not changed
macroscopically by the heat treatment, but will be deformed by forging or rolling.

Generally, the origin of sand-.marks is considered as ingot defects, such as non-metallic
inclusions, blow holes, pin holes, cavities and segregations But the sand marks of the steel ;
‘rod appear more or less (mostly) in all the steel rod and its surface anywhere, therefore

 the origin of sand marks must be the defects that’ appea1 very frequently in ingots.

(A) Blow holes, pin holes and cavities
(a) By experimental results, generally, those defects (blow holes, pin holes) appear rarely
in ingots.

(b) Many cavities appear.in the.center.of long and smali diameter .ingots, byt those cavities
are welded by rolling. Therefore, it is considered that, when cavities, blow holes and pin
holes in ingots have not oxides in the inside, they are welded by rolling ‘or forging and do
not appear as flaws (such as the sand marks) of ste€l rods.

- (¢) If the small blow holes of H; are the orlgm of sand marks, the sand marks are to appear .
with more umformlty than they are.
(@) Surface blow holes, and p1n holes of ingots, .cut by about 4~5mm 1nsxde from the
periphery, are seldom. Lo

Therefore, the origin of sand marks is not caused by blow holes, pin holes and cavmes of
mgots

(B) Segregatlons :

The segregation sand mark is very rare, and it has or1g1n only in high- C steel such as
bearing steel.

(C) Non-metallic inclusions .

(a) Non-metallic inclusions appear very often and every where in ingots. :
(b') Non-metallic inclusions are deformed and elongated by rolling or forging. - . S
(c) In parallel to 1ncrease of the forgmg ratio, non- metalhc 1nclusxons are e]ongated
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and become long and slender, finally they cannot be seen with the naked eyes as the sand marks.
(d) In the sand marks of the steel rod which are small in the rolling ratio, non- metalhc inclu-

sions are often found in the sand marks.

() Non-metallic inclusions are not extinguished by only the severe forging such. as pipe
making and extrusion, and the sand mark is under the same conditions.
Therefore, it is consxdered that the origin of sand marks is (mostly) non- -metallic inclusions

in ingots.
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Table 1. Number of sand marks{ at standard area, as compared with the melt, which
is used 350 g Al/t melt, with the melt which does not use Al deoxydizer

Deoxidizing Al is not used

350 'gAl/t steel are used for deoxidizer

. ‘ | ‘ '
Charge Dia of |Inspected No. of sand marks Charge Dia of |Inspected No of sand marks
No. rod position | mm mm mm mm No. rod position mm -mm mm mm
‘ 0.1~0.4/0.5~0.9]1.0~1.9| >2.0 0.1~0.40.5~0.9[1.0~1.9| ">2.0
mm| T 11°7 | 2°28 | 4°23 | 2:60 - mm| T ' 10°7 | 1+30 | 065 | 09
To933 | 51¢ M 10°1 {8°15 | 1*63 | © T835-| 51¢ M. |11} 0 |0°33 0.
B 11°7 | 391 0 0 B j11*7]1°63} O 0
§
]
mm T 29°3 | 600 | 266 0 T 10°7 1 033 o] 0
To48 | 50¢ M 22°6 [11°30 | 0°33 | © T895 | 55¢ M 16°9 ; 2°28 | 1°30 0
B 571033} 0 0 B 16°9 | 1+62 | 0°33 0
mm| T 3°8 | 2°35 | 2°35 | 0°58 T 104 | 0°33 | © 0
Tos0 | 56¢ M 821058 | 0O |0°29 Te24 | 516 M 55| 0 0 0
- B 321 1°17 | 0°29 0 B 52033 0 0
mm| T 7°8 | 0°59 | 0°29 | © T : a1|029] 0 0
To62 | 56¢ M |100{0290}| O 0 T997 | 56¢ M | 59{02 0 0:
B 226|088 |029] O B | 97|029] 0 0
, .
% 12°22 3°15 101 0°29 %3 9+81 0°72 022 008
T 0 | 3-00(1t*00 | 1°00 T 961045 045 0
To33 | 33¢ M 7+5 | 850 [21°00 | 7°00 To06 | -38¢ M 7°7 | 4754 | 2°71 | 0°45
B 13*5 | 9°50 | 2*00 | O B 21+3 | 3*63 | 0°91 0
T 9+4 | 1°87 | 0 | 047 ) T 12°7 | 1736 | 1°36 | 1°82
T937 | 35¢ M 8°0 | 2°81. | 047 | 0+47 T915 | 38¢ M 109 | 0 1°36 0
B 89 | 328 | 0°47 | O B 14*5 | 045 | 0°45 0
T 0°9 047 | 0 0 T 14+0 | 4*00 | 4°00 | 2-00
To44 | 35¢ M 6°6 | 4°22 | 234 | 2°81 To19 | 33¢ M 16°0-| 1°C0 rooi 0
B 89 1328|094 O B 150 | 2°00 | 8°00 | 2700
|
T 30°5 [11°50 |11°00 | 5:50 N T 18+3 | 3+87 0-492 0
T950 | 33¢ M 130 | 4°50 | 2-00 | 1-00 T930 | 36¢ M 1370 {11760 | 0°49 : 0°49
B 115 | 3°50 | 700 | © i B | 14°5 1 145 | 1*93} O
T 2-4 | 097 | 386 | 0O T ' 8%]|318|045] 0
Tos4 | 34¢ M 8+2 |3°38 | 3°86 | 0°48 To975 | 38¢ M | 50318271 0
B 49 | 1°93 | 775 | 0°97 B | 154|773 | 271 0
T 2*4 | 290 | 386 | © T 0°5 0 0+45 0
T955 |, 34 ¢ M 2°9 | 870 | 775 | 0°48 T978 | 38¢ M 36| 0 045 O
N B 1°510°97 | 097 | © B 0°9]1°36] 0 0
R R M *3 (2731 4*10(. O T 59 | 5°00 | 1°36 0 -
T968 | 38¢ M 11°8 [12°26 | 046 | © T980 { 38¢ M 5°0 1045 | 0O | 045
' B 25°0 | 4°10 | 1*36 | O B 1*4 | 0745 | 0°45 | O
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Table 2. Number of flaws and sands on the

surface of the 4kg small ingot
¢ Yoo No of sands.

Fig. 1. Dimension of
the 4kg small ingot.

| No of flaws (No of sands)
Charge No. | 1st | 2nd | 3rd | 4th
Before tapping | 65(7) | 17(2) | 11(4) | 10(5)
In the ladle - |'79(34) | 29(13) | 33(8) | 18(17)
Casting 95 (40) — — 74(55)
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Table 3.

Number of sand marks at standard area as compared with the steel rod,

which is forged by a hummer from about !5 kg lump steel, and is sampled before -
tapping, with the ordinary rolled steel rod.

Lump steel 250kg ingot °
Charge | Dia |1hqpected No. of sand marks | Dia irhepected No. of sand marks
) of : of ' : -
No. position mm mim mm mm| . position mm mm|  mm mim.
rod 0° 1~0"4{0"5~0°9[1°0~1°9| <20 od 0°1~0°4/0*5~0"9|1*0~19| <2°0
: End 11°2 075 0 0 T | 238 340 2072 . 0
S 8016 | 455 | Center| 60 o .| o 0 -2§$’ M 15°7 | 0768 o . 0
| End.| 90| O 0 0 B 27 1°36 | 2°72 | 0768
End 52 0 0 0 T 3°4 | 1°36 | 2:04 | 0768
§$S018 | 23¢ | Center | 4°5 1450 0 0 25¢ M 12*3 272 136 068
End 30 0 0°75 0 B 3+4 2°72 3740 | 204
, End | 23 | O 0 0 T 200 | 409 | 272 0
S S063 | 23¢ | Center| 67 0 0 0 |25¢ M 48 0°68 0°68 2472
: End 9+0 0 0 0 ' B — — - —
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ISOTHERMAL TRANSFORMATION AND STRUCTURAL
CONSTITUENTS AFTER QUENCHING

(Hot-Bath Quenching of a Low W-Cr Tool Steel (SKS 2) in Low
' Temperature Range—I)

Synopsis:

Itsure Tatsukawa

In order to obtain a fundamental information on an applicability of hot-bath quenching
below Ms temperature to an improvement of properties of a .1:09% C-1° 0% Cr-1+49% W tool
steel, its isothermal transformation and ‘structural constituents after hot bath quenching were
investigated by means of microscopic observation, dilatometric and magnetic analysis, as

well as hardness test.

The main results obtained are summarlzed as follows:

In hot-bath quenching below the

Ms (162°C), there take place, at earlier stage, athermal and isothermal austenite-martensite
reactions, and then at later stage, austenite- lower bainite reqctlon, which promotes the sta-
bilization of austenite markedly in a similar way as an isothermal reaction in austémpering

 at above the Ms; thus, a mixed structure of tempered martensite and lower bainite containing
a lot of retained austenite is obtained by a quenching under certain conditions.

io %

maT«%f%#ﬁk%Héhﬁaﬁmj —AT R
—ELTCIALGAENR TV S 3, 7»7/%4%@?

TS EEAEREOFRICEBLEI b THIVWEIRT
@5.é%mw%0k%w TEIRZZREDFIR I X B 1%
SR OHE & WO Blas DT RERO v V57 o4
4 MEIC R SBUARAZRL, TORE, c0 X5k
BBHEACIOTHF—RF U —LRC X5, Y
DES & & b ICEBHA—ERIC L L TN S 238
bhdz l, X LTHBRARSBICETAREA -2
F A CHEHCHEOS D RREATHD & L SR B
L7 AR T LR LRCER» L, BT AMRE

m

ZE(QEZ)kMéT%MﬂWGrﬂ@ﬁ@ﬁ%hk
BRI L7z, COWETHEOEREEREE LT, iR
B B IERRE, PHABEAROEBRS 1 HUNCE D
ﬁﬁﬁ%%“ﬁﬁ%k@%f@&éh

o B

Tﬁﬂﬁmﬁ&"‘%lﬁﬁﬂ SK82 ® 20mmé T RERE > B
ig, ﬁiémk—iOTFﬁZEOJ}f/ﬂ\&_j'#k'fiLPTf’ %@%
%Ea‘ﬂ)ﬁ, zf@f&f;&mo%o)kﬂbb'cwé

© O & C 1°0%, Cr 1°0%, W 1-4%
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