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- ' (Defeet in Segregated Line of Ingot and Segregation Flaw)
Masayoshi Kowai

Synopsis: .

It was found in the first report that there were some times defects in'segregafed line of ingot
such as sands and cavities appeared at the time of ingot solidification. In the course of
forging, some of them disappeared by forging effect, while some of them remained as flaws in
) forged steel. The opinion that the latter are nothing but segregation-flaws of forging, is born
o out from comparing the result of observation about defects.in segregated line of ingots with

that about segregation-flaws of forging. In order to confirm this opinion, the author makes
a complementary consideration about defects in segregated line of ingots, and investigates behav-
iours of defects in ingots and those of segregation-flaws in the course of forging and tries to -
describe theoretically the relation between segregation-flaws and type of annular segregations.
Finally he describes the methods of reducmg segregation-flaws on the basis of above-mentioned
opinion in the form of conclusion.

)

OB & DD T OREAUTIE TERAIC IR LB 5

& D BTN THET 3T, TRIEDESES 5

(]

- EPRCIIREITRAMAE UTETRY  FR I ZEREY 238 E435. 8id be@ﬁ%’&b%@?%d’lwi Iz
ﬁE96Cém%1%Cﬁ«kL0Téo-Cﬂo@k ATETOEEIBE S &3 b, BREEEO Ricyr>T
TRORITIIEEOREE T 503555 L, BERD ZOBBIELIELLINIDTHB.

o,y -~

s KMEELUTEZTL305 55 5. B0 ETS .
WIIRIT X TOENL2E»H D, ZOMWERICDNTIZE , I. SROETRRME

. IFUCTRATZED TH B TIL TE OTAZFOMAR 2 Hois RATRRIEICEL TR | 36 X 08 2 30Tl ~olr

BTN, BT T OEMBITERIGS 28CHE 2%, ZOBRESOSRES»BENTHELIZD S

TH5TH55. LOBEHMOTHEERINT THhR~FE2r O TXKBOERICEEL TCh2BETsEL T 3.
B 5 Shhibh D, EREITRAKMEDER IS 1. IRITEC AT B ZopgY

5HERTEBRR T, BEERCRI ARIEGDZEE * Zzemed KK, ERRET

T|EL, MAHEIFTRNNERETREBETYT & D ARZMBAE 40 EEEAS RN TRER

_— 7 —




384 & & M

wazHgE HES B

PN

RO & 5T, FEATRIEHUIR Y sEREEOS”
BB 3N 55, BRSPS EET 5RHNTI2EE
BELTAA EEERSET L, BV ZOERET
b AR S BER L 2 5B RZT 5 3D EHEA
pNB. ML TEZoERICINE, BRI TEID
&2, BERTRIVEAEF L IEMERIN
To. BEDTH LB EEA & BRL L THREBHHENT
s E, EEUTEITROESITIUETLRI G ZE»FHE
THL LA CNIERITEH 3 NICEITROTER
WWEAORES AEHR TS b, URITREE DO
gars B (B A S DERED X 5 ) pENE,
ShF DBOEINC 3 PHEILDPFHET 2ETH 5-

LED & 5 KR ORI FEITREICEENS 2> 5,
WIROME LS A RERTROThE —H T 25TD
B. BRRD & 5 CRITROERPHEL, FTROERE
BIOBOEI PR LLD A EBRE LT, EBRE
MEEE (S THISEEORORT 2P, EFARE, &
RO ERESERE 22T A BN HEE SV, TNFIIE.
BHAEDHES? 3 ZLTHDTHS. L dRERITROE
PEU &, EATESRE OO PUER ORI AR L 2 5
2o, WRHOBHLREEBTHSH. LAEMOKE
SEEDEN LEITROEERIPIEINLOAL LT,
KR N BRI RIS & LT OB R BRT 5
fEl R aiEL, B OSENEEAKL D ORE2Y)
2 TIUEILORERZBET A TH 5 5. /Sl B
I ABIRIC Hel U CRERDSRAT U, SRR NS B 700
T, BITO AL & TR FHEEL -

75 % Pk ORATHR O MRS DI FYIIC AT B D ED
TONTIRR, BRI PERET AHmE2HaDE
TUIEWNVDS, 30 U BT RATERFR D ZER OFIEDNS, T O
YIESARORE AENSHRE EEALLNLIDTH S
BUEBEFEREBEER, CORIHESPXETIA
FTRATH B EVHIBETHB. ElRD & 5 ICEEHRI—
TSIkER PSS ERO—R 2RO TAID, B
HIT AR ED I NE 520 TH S 5.

2. Rty KD

PO RATERIT R TS, Bk L CZEE
OISR Y > F B SN 35, EEERE, BF
S L DERB O LHEE SN AFEENTHOE S E
OFEET A B/IIELITES 1 TN, 7 OWIROBEREH
ROWTHEEL . Lo LB TR & 9 L tEsdR L
TEELT B 1owiz Fig. | IWERMBOE B 5B E
3. CNBOENTEY v FIREIH Fig. 4 LA

oanl

iz

{

D HASHHEE 42 WA CHRTHERE

— 8

ol a
X 100(1/2)

(a) Sands composed of sulphides, silicates
and eutectics and minute cavities )
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(b)

(e)
Magnified ‘micro-structure of a part of
(a) showing sulphide and silicate (tran--
lucent X 1000(1/2)
(c) Sulphide (light) and eutectics (dark)
% 1000(1/2)
(d) Same as (c) x1000(1/2)

(e) Sands with thin tails of eutectics
% 1000(2/ 1)

Sands in segregated line.
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Fig. 1.

R PZEL TS, BAERY ~ FOERIZEL TEsk.
17ARERZ: EHSEZ DS, BIERD & D 1T OrEEREES hiE:

U TS OB B S N 5. AT BB
OHENT L Tid Mn/Si HOSEROEITRA<I,
MHEDSIEER 3N AT, BRCHESATHTEIL TRIBEL T
W B IERBEATERS X CRATDRE T B BITHTHIT 5
e aERYS, FIRHCHTHIS 2 BRibANIT & 2 T
B CARBOWIT I AENEZ LN S. FEFEIR
EOPIRIER LS 75 A, (BTN TRIESIRE
BETH B> b, MR RATHRA P EE L, BEOBE %

SEREMRER R D, —RRORFE L { RIUEHLORL.

WEZETIEATHS 5. COREEEICAERICERS
3 5 IEEEMTE DER X' Z OFERYS, Ry~ F
DOBRIC KRR BB I3 TEVHERINSG. AL
NITEEBNMEDHEZEIFEL TWT LEE

BIERTT

7

&

A

s



%

W)

-

#

T,g\

REVRERFI D A wWHrHFE (V) 385

FVSEHIT & O THE S NED, HEROS VR T 51T
EDTHEEINS LY, BILHESPEILTH AR

HLITIC 5 BT A EMOED SR 50T, B

CHRATAR Y » FIEEROBEROEL B2 BBEA 6N 5.
D% ) HRSIKREIEY v FBRIIXYULT, 55
optimum IzFEBENHIET 5 C EIILD. L OEIRICS
WTRIR T >~ Mid Mn/Si B EBELSEREETHO
ThHB. ,

WHREARRY » ¥ OB FEITER O SRR Fo
ZWTH Y, FIROBEBES O ERITRY » FOBIIH
ML, EIROELRE 2 BMITRY > Fid KT 3
HRZETHTHS 5. E2TRETRY » FOFREITZE
HBOZEN LD ZBER—OERZEL, DL ZH
FIRERE-OFEBT I OTEHEINATHS 5.

II. BECEKBIRBOREBOEL

1. RHBREEOREDE ,
FEEDRITRRR ARSI & b iMAIc 2L 3 b %l
ETABIMHMATETH 5. HUMBMORITE L R
Bl 2HRL, ZORMENIFEITSRE2EEL T
BT, PEREET A RIEOREE § 131353 b
5 B BB PIEE DRI SRR 2 B L TR &
g, TRAOBMRBIIITERI NS THBHH .
Fig. 2 3Hid 5 HET BITERKIE OIREEO 2 % 8122
UIhERPRTIDOTHA. 8IS (), () MREHTER
PaOIKEEZRT EDTH Y, (b),
ST B EHEEINDS 3OS E{LL RO =06 %
AT CHERHEL»FEITETTHY, UL dEEr
CRUBIT X 3 ICi{b L, WBATRY » Kid SEURIT X 351
2HEHD, CNBOFE S TRz R
BT HERPHERLI.

2. JRth & 3T oRELE

T & TOENI B PEEE TS &, FFx T
HET 2END . —ECCHRRITE TI2BE LSV
S AUEST & §ITEA LR, 383 SEUEIT X 3038
o 20 SR DT A MEBEF LU LB ZERL 2B
5. BRo X 5 SEIEHT x TORKRFEIRY Y F &
TEEINDD 5, IRV FRL U SR TH
3. HBs B2 L ERCRET 5 BICFYIEAA
HBEOBRICONTHET3HELT 5.

20t SR B SENEEL 2°8 TEHRL, FTEBZESLIIR
BABMSICEIH Fig. | OX 55N s THERL
L. OT L oERSE S VIBASBRR 2R L 72 . (Fig.3
BRR) COHEI I IREARA ORI X TOETOR

(d) 133k x DKRIAKR -

, ; ><|OO(1/)
(a) Cavities in segrega- (c) Sands in segrega-
ted line ted line

(b) Deformation of cavity (d)Deformation of sand

i) Sulphide and hair i) Sulphide-rich sand
line  x90(1/2) %90(1/2)
ii) Hair line x900(1/2) ii) Two phases of sand
X 270(1/2)
1ii) Sulphide and hair iii) Same as ii) X900
line 270(1/2) (1/2)
Fig. 2. Deformation of defects in segregated '

line.

R EEHIBIIRNTETH 505, ZOREEZEIHL -
HBAORMCBONIFITE T L O HEEEINS. KB
iz Lt~y —2EEL THBRAEEOEAA L THE
BL, BT ETORBOBLPEEL 2. Al
BRRIEICEE IR 2 AT U TR X TOREROBM L2
FEL, BEINEFRROEL THRELT:. (Fig. 4
&)

EEBF DA 312 Fig. 3 ITRT L DI 90X50%35
mm?® Th 9, BB GAEHEOHRRITAL, B
A& I EARORENO A AITAT 1. '

AT Table | EEBIPESRBOMREHRETT 5.
RIS DN BOBIT SMC TIRES LIS, ZNTEuE
EE/SNVADEEEI Y, SVAMEEL LU TRERZE
TS BRBaH»OI. KIBHT Ens BB TIZEA
BBEOFBRIGEHEESRE 2D2H, CHUIMET & 3708
EREENTE OIS ), STEITNs 5 B
I B2NEDTHS 3. $iL E., Ey BEA TRIBHT



386 # & . 4H FA24E F 5 B

s

134 "5‘1'4__ 9 —
8 139

s : e 1
8 4 BTN

5 b2

B W

£ 2 PS5

5 6 FES

= X !

P

i

———Upseting ditection ——
> Radial direction of ingof

Fig. 3. Specimen for upsetting test.

Table. 1. Results of supersonic test.

. Upset- Test result™®
Speci- ; ting o

: i efore | .

MeN i ratio 7 '7 upsetting | After upsetting
Ei.s i 1*s 12/26 | 15/28
E» 20 10/28 E 1/28
Es 1 3°0 19/26 ) 0/28

* Numerator: Height of flaw-echo
Denominator: Height of primary base-
echo
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- VST I
(a) Specimen E;.; (x85)
(b) Same as (a) (x250)
(c) Specimen Es.p (x85)
(d) Specimen Ej.p (x250)

Fig. 4. Variation of segregation-flaws
in upset specimens.
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' STUDY ON BLOWHOLES IN IRON AND STEEL (IV)
(The Formation of Blowholes by H:, N: Gas in Killed Steel)
| - Takehiko Fufii

Synopsis: : S

. Blowholes in iron and steel are due to CO, Hg, N, gas. In rimmed steel, blowhcles are
mainly due to CO gas, because oxygen content in molten- steel is much higher than its solubi-
lity in solid steel, and the pressure ¢f CO gas in molten steel is high. But in semi-killed or
killed steel, hydrogen or nitrogen gas becomes a factor of blowhole formation, because the

. pressure of CO gas in molten-steel is very low and the solubilty difference of H, or N; gas
between molten steel and solid steel is large. ' »

As to blowholes caused by CO gas, the relation between formation of blowholes and Si, Mn, Al
deoxidation was explained experimentally and the results of experiments were compared with
calculation values from equilibrium constant (Report III). In this report, to study formation
of blowholes by H,;, N, gas, H; or N; gas was lanced into molten steel, and the relation between
blowhole formation by H,, N, gas and deoxidation was €xplained. .

Blowhole samples were melted by a 100 kg basic high frequency electric furnace similarly
to Report III. When the temperature of molten steel attained to 1600°C, deoxidation reagents.
(Si, Al) were added in different quantities. Some time- after deoxidation, H; or N gas was
lanced lnto molten steel for a time.. 25 kg of molten steel was 1mmediate1y tapped to a ladle.
\and then poureu to a 1é6kg ingot. In succession four ingots were cast, similariy.

The results obtained from this experlments were as follows.

1) Blowholes caused by hydrogen

a) -Si deoxidation...... As hydrogen content increased, the limit of blowhole formation
increased to 0°2% Si from 0°1% Si. But when Si content was more than 0°29%, blowhole
by hydrogen gas did never grow under 80X 10-5% H,.’

b) Al deoxidation...... When Al content was more than 0°01%, blowhole by hydrogen gas
did not grow under 80X 10-3% H,. Accordingly when H: content was less than 80% 1075% Ho,
hydrogen was not the main cause to blowhole formation if the molten steel was deoxidized fully..

- 2). Blowholes caused by nitrogen

a) Si deoxidation...... -As N, content lncreased the limit of blowhole formation increased.
to 0°2% Si from 0°1% Si. ,But when Si content was more than 0°2%, blowhole by N: gas
did never grow under 100X 10~%% No. . ‘ . '
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