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On the Homogeneity of the Composition and the Constitntion of Billets.

(Study on continuous casting of steel—VI_II)

Synopsis:

Yoshio AKeETA and Kiyoto USHINIMA

Homogeneity of chemical compositions and constitution of contmuously cast billets are
examined. Si-Mn spring steel is cast into billets with different sectional sizes, 91 mm f, 130

mm § and 170mm §, and each casting time of a heat is 60mn.

vation and testing of billets are as follows.

Results of analysis, obser-

1. - The distribution of chemical compositions, oxygen content, sand content and content
of nonmetallic inclusions are fairly homogeneous not only transversally but also longltudl-

nally in spite of -a long casting time.

2. Constitution of a billet of as-cast state consists of a chﬂl zone,a coarse dendrxtlc zone

and a free crystal zone.

3. When a billet is rolled, its const1tut1on of three zones, as mentioned above, is made
~ homogeneous and the reduction ratio of area more than 10 gives it homogeneous mechanlcal

properties.

It is clear that a continuously cast billet has good characteristics as the rolling material.
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Main casting conditions of billets in the experiment on homogeneity of

Table 1.
composition and constitution of billet.

Billet size Casting temperature Casting speed Primary cooling Secondary spray
(mm) (°C (mm/mn) (kcal/ kg of steel) | cooling (! /mn)
91 § ‘ 1470420 20504100 3042 170
130 f 1470420 1000+ 50 32x2 170

170§ 1470£20 600+ 50 40+2 170
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Table 2. .Standard deviation and total range of chemical composition of billets
Billet | preay c S | M °
number , e — :
(mm) g 7 o 7 o E o 7 G 7
A 0°02% | 0°07 '| 0025 | 0%07 ‘| 0012 | 004 |0%0009| 0-002| 00010 0-003
o1 f B 0*01* |. 0*03 | 07015 | 0%04 | 0°01'.| 0°03 | 00008 | 0%002 | 00016 | 0°004
C 0%01* | 0°04 | 0°01* | 0%05 | 0°012 | 0°04 | 00014 | 0+004 | 0*0008 | 0002
A . | oo | 005 | 0028 | 000 | G015 | 005 |0%0009] 0°003] 00014 | 0-005
130 f B 0*01® | 0+08 | 0:017 | 006 | 0%01° | 005 | 00010 | 0003 | 070009 | 0°003
: C 0%016 | ©0%06 | 0°02¢ | 0°07 | 0°01® | 0°04 |0%0008 | 0+002 | 0°0012 | 0-004
A 0%03% | O°11 | 0°02%8 | 0°10 |.0°01% | 0°03 | 00002 | 0°002 | 0°0009 | 0003
170 § B 0*02%. | 0°09 | 0°015 | 0:06 | 0°012 | 0°03 | 0°0008 | 0+003 | 00014 | 0*006
» C 0°02° | 0707 | 0°022 | 0°07 | 0°00° | 003 | 070010 | 0+004 | 0°0011 | 0°005
o 'Stap’dard deviation 7 : Total range ' \ :
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Fig. 2. Distribution of oxygen in billets:
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“Table 3. Mean content of sand in billets (%).

- Billet size

(mm) 5102 T A1203

o1 § 00010 . 0°0041
130 § 0°0013 0°0039
170 § . 00016 © 00040
Mean 0°0013 . 0°0040
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Photo. 1. Typ1ca1 nonmetalhc inclusions.

Macrostructure of the
transversal section

~ Billet size (mm)
Casting temperature cC)
Casting speed(mm/mn)

91 ¢
1500
2050

X500 (2/3)
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Photo. 2. Macrostructure of the transversal section of billets (Si-Mn spring steel) X1/2(1/2)
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Photo. 3. Effect of casting temperature on macrostructure of billets. x1/2(1/2)
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Main casting conditions of billets in the experiment on homogeneity of
mechanical properties (bar). :

Billet size

Casting temperature

Casting speed

Primary cooling

Secondary spray

(mm) (°C) (mm/mn) (kcal/kg of steel) | cooling (! /mn)
1306 1460 1000 - 32°6 170
Table 5. Sectional area and reduction ratio of area.
No. ® ® ® | e | ® ®
Size (mm) 130 § 85 § 52 § 41§ { 32§ l 25§ 27% 17
Reduction ratio . . . . . .z .
Quctor 1°0 29 61 9°8 ‘ 16°2 \ 26°5 46*0
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Macrostructure of transversal sections

Sectional size (mm)
Reduction ratio of
area

Macrostructure of transversal

sections

Sectional size ( mm) 6 ' )
Reduction ratio of 2?156 ) 3}5
area

32§ 25§ 27X 17
16°2 . 26°5 . 46°0

Photo. 4. Change of macrograph of the transversal section in the course of rolling. X1 (1/2)
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: 1 Table 6.- Main casting conditions of "
8- 4 S b Jalel& ‘ billets in the experiment on
60 et , 2 E./ci toml “ homogeneity of mechanlcal .
g . ol YR N ,, i ] AR - properties (leaf).
£ : At . ’ _ =
- ) .(/mz/d%mf, < gl u TIS spec. (a2 >8%) | Billet size ter?lgz?:tgu re Casting speed
g § 2 ‘ (mm) (°C) (mm/mn)
~/00F S 6 - . : , T
B © s . 100 § | 1490~1450 170050 . .
‘ &0 M 105 § 1500~1450 1550450 -
N PR P / 130§ 1485~-1460 10004 50
. 170 § 1490~1455 600450
1 1L L 1 1 1 -ﬁ/ odsve- ! [ ) L - -
i 25k Sl N B S T Table 7. Sectional size of billets and
. & “"/’”""""”‘" - :/’_‘_' rolled products and their reduction
- /50—?_?_ i—.#r-'»—-: } §3-’) AT ratio of area.
§l4o 1 v IS spee. (ate) S0 Kmr® | <25k o Ao ’:_ -
3 NI § . ’ ‘Billet size | Size of rolled | Reduction
S/ 1 520 3 ' (mm) product (mm) | ratio of area
5 8 - .'/ - ;
* -l §”"7/ 1 100 § 100X 10 9+7
o R, <, . 130 § 90X13 142
01 ° “/7 105 § 63°5X7°94 17°6
60 5t e . 170§ 100X 13 2176
3 = L7 | [ 170 § 90X 11 28°3
; VRN y ” ooy YT 1704 100X 10 28°0
7234680 20 00608W 1 2 346810 2009680
Reduction ratio of drea - : 170§ 90X ‘lO : 31°2
Grade of steel: Si-Mn spring steel, Heat treatment: . 170§ 99 X7 4475

Fig. 5. Effect of reduction- rat1o of area on mechanical

™ T T -
/3ﬂ”’”’” M/ef *9#”””"/3”’” leaf J05™8 bellet->635™x 1940 oy Ve ,}i//e[->/m'”’x[3”’l”’ leaf
14+ (zeduction ratio of area 97) | (reduction mtio of areq D (rediction 1t of area 176) o (reduction Tatio of area 216)
73 —§ S S - §
N S B § . | * o e o
e 2 2 R o
{ /= . S i, ® oo St o
\% 70l § . : | % * § <t S T e
Y 3 X E . s B
3 I § '§ ° A Y g : of s g ol o °
N : R S
5 JIS spec. (late) e/ongaflbn?ﬁé JIS spec.l([afe) e/o//yaz!‘zb/nﬁ% JIS spec (la(fe) e/or;yat/b/}r 8% JIS sper (late) e[myatzolpﬁz
S 7 L ] | S | ] )
.S . T * T
§ g @ | b gy | | g || R i
IS M4 % aren 280) = (reduction sutho of area 283)- . (reduction zatip of area 312) |+ (eduction-1atio of area #5)
T 58 Y ' % 1%
w32 S S S
N3 : 2 N N
/21 % N -2 L 3 . |2 ‘ )
= . -~ A o el ¢ Q °
1115} = 3 i r . | % .
B s 3 e 7| 8 )
o X o 5 wme LB ‘. | 5 o oo
I s S 2 P~
9= 8 & S
sk

850°Cx1h—0.Q.

450°Cx2h—A.C.

Sampling position: O Surface @©Middle . Center

properties.

Vo FEE He G 8 DS ER To BRI O — i %

WY &N, EEEERRIGE 5 BRI EEOF

[0 et 100 [

JIS spec. (/zlzz‘f) longation > 8% ..
|

TS ec. (zfei elgeton > 5%

JIS spec (@ {aﬂ) elongation >8%

N IS spec. (late) elongation > 8%

Tensile strength  (K9/mm?)

Grade of steel: Sl—Mn sprmg steel, Heat treatment: 850°Cx1h—O. Q Sampling position: @ Edge
450°C x2h—A.C

Flg. 6. Homogene1ty ‘of mechanical properties Of rolled products.
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Effect of Deformation in‘}the’v Metasvtabl‘ »'Avustenite Conditions\
.on the Secondarﬁr' Hardening of 13 ”Cr Stainless Steel.

Yuzo Hoso1

Synopsis: : , .
 The secondary hardening behavior of “‘ausformed’ 13 Cr stainless steels was investigated.
Steels were deformed by rolling at 450°C or 650°C in the metastable austenite condition prior
to martensite transformation and subsequently tempered up to 550°C. Secondary hardening
did not appear clearly in the ausformed and tempered specimens when the amount of
deformation was increased, while it occurred in the conventionally quenched and tempered
specimens at 450°C. By measuring the change in a half-value breadth of X-ray diffraction line

with tempering and  extracting carbide electrolytically from -heat-treated steels, it was’

assured that this phenomenon could be explained by one of the following two reasons. (1)
Precxp1tat10n process of carbide was accelerated by plastic deformation of austenite matrix
before quenching and precipitation temperature was lowered to a low temperature, then it
followed that softening of martensite by tempering would be cancelled by this accelerated
" precipitation hardening. Or, (2) hardening due to lattice strain produced by plastic defor—
mation was so high that hardening due to precipitation would be covered with it.

Effects of austenitized temperature.'and deformation temperature on hardening were also
studied and discussed.
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