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Experimental result between temperature of cooling water and heat transfer coefficient.

Table 2.
‘ Discharge pressure of spray (kg/ cm?)} - .~ 7 .
\\\ o 20 30 40 5°0
‘ Flow rate of water (l/ cm?2-min) : :
0°188 0°228 0°264 0°294 .
Temperature of coohng "waters( °C)\ :
. 20 © 28814128 3680+414 41704407 47284582
. : (n=4) (n=6) (n=6) (n=6)
40 2281 2886 . 4396 4487
(n=2) (n=4) (n=5) (n=56) .
50 ! 2327 - 2591 3340 ) 4076
(n=2) (n=3) (n=2) (n=2)
‘ 3318 #
60 — —_— (n=1)
4 2952 ' 3427
6 — (n=1) — (n=3)
70 . 1484 2101 2774 3015 -
(n=2) - (n=4) (n=3)" (n=3)
80 : 1363 1482 1628 . 2187
(n=3) - (n=4) (n=4) ) (n=4)

@ Initial temperature-of specimen: 980~1020°C
®  Unit of heat:transfer coefficient: kcal/m?2-hr-deg
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Fig. 2. Relation between experimental value and
calculated value in heat transfer coefficient.
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1) K. P. KoroTrov: The Continuous Casting of
Steel in Commercial Use, (1960), [Pergamon
Press]
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On the Surface Seems Caused by Non-Metallic
Inclusions in Cold Rolled Sheet of 18-8 Stainless
Steel. :
Zenzo Nozaki, Dr. Taré SUGIYAMA
and Kési KATO.
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PEOTHRF AOER LT3 XD E%@%mtom
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2.13817/v1ﬂmﬁFLﬁ®ﬁ¢z®
, ; IJOMRE
B XOoMNER

_ ME SUS 27 0E 5% 1 mm O} Fﬁﬁﬁ’lﬁ@}%%ﬁ@

e ETHE ECRE Ui * X ORI EES MicRl BT
BOI XS BBROEIIUIZS P BA TN, 208
S, M, MEEZEZEPZLTULLEL TV,
2:2 %%#1@<7u3’]%§§ :

MME A h D BIEUTE (EER: K2 v 28 100
g, BEER 200cc, BH: 12V, BEBE: 0.5A/cm?,
Wig: 49 70°C) #, BT 5 &, Photo. | P rIsh T
bb- FHE () OBFREBEIBEC X b HBEU 08
CRKIR, Fke ETREZEERE AW THE. (b)
B OFTZHR LIS DT, INSOAEYH i H
JIEUVS ATV S, N2 BEPTE L SV ORN G

CTHBE () DIOSTNEHREIEAEERBECO

A@E?%Ca#bmo.bmé%<uﬁiﬁa$nm
T STV 3.
2-3 ¥ o E%@XMAmiéﬁﬁ

BMEFAD I 7 o B Ly, ZNHNTED D> & HERR,
SNTWVWBR L ER2HOIZDT, DE¥ICZDHBOFEE»

CEAEU . HE TR ONEYBE L TS DT

XMA 2R U T OHEKWN L, ERZHERZRD % ¢
ERARHTEETH B DT, HH¥d» 3 LEOHWHIT L STH

. EYORGERIMETS XU, 0L b —Bigm R

?VVX%U&~V%%&,*&bB,“ﬁ%mSif
25 7o Cr 7&’5&7—1‘: ﬁﬁﬁﬁimiﬁffﬁ%bﬁﬁﬁ
»OWEL Y Sk (0°8~0°95mm B) wonT
B LB AONEYRSE Table 1 RS, 5%
b, A=, A-2 OBERI Y WO F X OB NS

Ly Si, Mn oL Ca 2ERS &5 5 MuNEY .

'@ﬁbéﬁﬁghfwztaﬁﬁz.RE%W%Cﬁm
Uiz 0T RE § NMEBRCRH shiz. NEYE2B
WY 5HESMTELLTO P, S BBHT X 2T,
IR LEDONTEMRE S Y » I N v —THHL, BFEF
WXYEELUTHRTREMEY, RAYVZHBRH TR,
B-7 YR FNT4 b, M@z E oy & —I,
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Surface—>

Stainless—
Steel

(Vestical section)
a: x12 b: X800 c: x120 (5/8)
Photo. 1.- Non-metallic inclusions in the seams
on the surface of 18-8 stainless steel
sheet.

BRHEUT.. DI EORERE O IEW A-1, %;UHszﬁ
WHEUVIZES ONEYRTEBRRD YBRLEY T
b, @'“\"Ci)ﬂlﬁ%g@ Si Z&BLTWVWB T EDD, E
ROV —rEELIBNS.
3. BERA 18-8 2F v L MR ELARIC
' BT E3NEPOES
LD X5 SBEFEEROKEF AW RHE INTZNE

Table 1. XMA analysis of the non-metallic inclusions in the seams of the cold ro]led shéets.

Charge

No. Added Elements (%)

seams

Non-metallic inclusions i the

XMA analysis

Major element | Minor element

At Reducing Period: Ca-8i Ladle:
A=l | Ca-Si, RE, M-Mn

~as Photo: 1 (b) [

Si, Mn RE, Ca®

A-2 | 'Reducing Period: Ca-Si

_as Photo._ 1 (b)

| Si, Mn, Ca | —

Remarks: 10t basic arc furnace was used for the melting of the 18-8 stainless steels.
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AT UV ASOBRBRERE £ U T2 OREEE THEM

mﬂ%%ﬁﬂlbf, ﬁE%ODHﬂﬁE%U\ T Z DFARIT DU
THEURL .
31 HEBEON E%@%%
Em%@%ﬁmmmzaufsx%ﬂ%btﬁﬁﬂﬂ
L Si pfic Ca-Si 2FIFL, 5T EUARIHER T IS U
TTMMg@mwt%ﬁ(C)a%ﬁ%%~9foa@
Uiz, B v~ 7ofZlRSE G 0°05~0°08, Si:,
0448~0°79, Mn: 1°15~1°47, Ni: 8°95~9°40, Cr:

Before

Py
aoping 30.0

On the top 83.5

of ladle

On the ftop
of ingot
case

57.5

From the 30.0

top of ingot

( 20p

Photo. 2. Large inclusions in ‘the melting process.

- Table 2.

- 9°40, Cr: 18°17~18°*73% TH D1z

Meaon dia. of

nclusions M€ g ¥ OWEMIC b I U RS T H O,

X540 (1/2)

18°27~18* 82%'CZ’6)P) Crwv— ‘f@%ﬂ&ic 005~

0°08, Si: 0°52~0°85, Mn: 1°04~1°72, Ni: 9°10~
B oBE@Ewsi
B HMET, HMESEE, r— 2 EWOZNFNOEN
HE (6mm BAEEW E) X OHIE (800kg JFFH)
DOETWO LY HEhC DN THEY (L 200 sk

ORHAEY) 2 B/EL . FBRHOTLHONEDDOR

% Photo, 2 WRLT2. CIEOWT 3 BREBHONEY
OBROZEHLIZIZEAEAL, RRO D DEP Y THD
7z, Tisb b, HEINT TRARBHRICSOTAED L
BETZ.ULPL, BECHELINDIIICKREIED -
TORELZN,ECA,HMUTIMBICAS EE
EHED X5 CERBAEDV»ZY OBHETS.
, S BT
BMICEATNIZE TS, »BORIBNEDHRD
Ntz 7217, NELE, COBEHOLDERRRPARER
ObOMEL, BBUMNOKRIBO M H I RO S D
L BNTRIPETEZS>TWS. $12, A
%fifﬁ%@@ﬁdé%mﬁ<@%» - =4
S LUTHILIES. :
3-2 EIBEONEY R
" Photo. 2 WRT & 5 72 BEBBEAEE O NEY
DRI HONWTXMAR L hFEE LI &IV~ T
EAREHF ¥ —DCHOVTITRW, WHRE bT’n
EMDOKRE X1 20~30p ORBENEHTLS.
Table 2 55 b3 & 5 CHOBF ZiCH NI
NEHORR L ERBROAEANEY (FRETR
*u,%#ﬂitbt) DR EBETEALEAY
CHB L ENDPOIT. LENOTREZE L, #F
ZORAZEBBRCERL, @MBCEELUITRE
REAEDRET bDOEEALNS. TOTLE
BIERSE TRORED B OB ORTHED D
%ﬁ@ﬁmzcam;b,gamﬁewmaoh
LS DN EYOER S iUMIIE¢®%m®%
F@p—fi% Photo. 3 W/RULIZ.
, 4. @& ZXPHLEICETEI—ER
BB AT A RERENED PHRF X OFHER
@t%ﬂ%ﬂéCt%%#wtwf,Ch&%m?
L BIRREINE O ERE BT SV VA
3. UL d i Y RO EL,, BEAEBAY L
nisxNB. 2T B, CoRBHoBMEARico
WTZOBESHE 20p M EOKENEY OBAL
‘ﬁ%%tbwﬁ%ﬁﬁbgm%%%n%n,%m,
Enc Lo T 7oy PUT. ZOMRE Fig. 1 I

XMA analysis of the large inclusions during melting process.

XMA analysis of larger inclusions

Group -
Before tapping

_ On the top of ladle

~On the top of ingot ‘Cold rolled sheet -

- Mn, Si (Ca, Cr, Ti)

- Mn, Si (Ca, Cr, Ti)

. Mn, Si(Ca,Cr,AlFe,Ti)

. Si, Mn, Ca
. Mn, Si (Ca, Cr) : )

- Si, Ca(Mn, Fe, Ti, Cr)
- Ca, Si, Mn(Fe,'Cr, Ti)

. 8i, Ca (Mn, Ti)

- Ca, Si{Mn, Fe, Cr, T1)

(2mm thickness)
- Si(Mn,Fe,Cr,Al)
- Si(Fe, Mn)

. Si, Ca, Mn (Fe, Cr) -
. S8i, Ca; Mn (Ti)

Remarks: (. ) means minor elements.
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B-group

Before tapping. On.the top of ladle  On the fop.of ingot
(Si, Ca. Mn) o (S1, Ca) (Si, Co, Mn)

13mm sheet

C-group

2mm sheet
(Si, Ca) (Sl.Ca)

On the seams of imm

cold rolled sheet

(Electrolytic polishing)
(SiMn,Ca)

" - -Photo. 3. Changes of larger non—mctalhc inclusions on the melting and working process of the

. stainless steel sheet )

I{' Before fa'pp/ng )
B-groww o 0p the top of tadle
C-+ {‘ Before tapping

003 |- On the topof ladle. _ |
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Numbers of non-metallic inclusions
more than 20 u ( per cm2)

Fig. 1. The relationship between the oxygen contents
and the numbers of non-metallic inclusions
more than 20u.
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x ﬁ
1) P. W. Crark, F. C. MartiN: J. Iron & Steel
Inst. (U. K1), Jan. (1965), p. 2
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