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Special Features of Vacuum Ingot-Casting Process.

(Comparison of vacuum and air-cast steel—I)

Tonoya Suzuki and Toshihiko Asakuma

Synopsis: '

The authors studied the vacuum ingot-casting from June, 1955.

The first degassing unit was pﬁt in operation in September 1957, and, in addition, 3 units

were developed. At the present time, they can make 4 ingots with &t to 20t continuously.

Special features of vacuum ingot casting process are as follows:

(1) The oxidation of the pouring stream and surface of the steel are prevented as there
is no oxygen in the vacuum chamber.

(2) When the steel enters the vacuum, the steel stream is divided up into little drops
with diameter of 1z to 10mm. )

(3) The sources of hydrogen from bricks and patching are eliminated.

(4) There is a greater latitude with regard to the pouring speed.

(5) The scum and non-metallic inclusions are floated by the violent boiling and bubbling.

(6) Under the vacuum 2 mmHg to 5 mmHg, 60% of hydrogen and 309% of oxygen are re-
moved.
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—ROTENTII N 2B X USRS IENIESTEAE L, PERE
ZWHLELDDERIAD. T LAEIEARSIVH
RRKEOERZ 7 TIDELTHS LA S, D
AGRUBMNES 1k & 72 VKRR IS U TS IS RIC % < o
BENHBIbNTW3B. L LEABIO BT, 25 M
TN X DR DEE % $2 TLTH, /KFE 3ppm
T8l L3 EbbTHETHS. Hhitdib
NBRFERERT LBV ETHIE, MEMBOBRICE
WT Z DIREBRIaEEE LD KD S RO % A
DRITL DLV, BBFCEENLF R, & TkER
BB ETLRTH, HERCHEE L TE T
NP IE D O BRI, BEE OO RMEEIEELE
%:&ﬁ%%bk@f,ﬁ%%%ﬁ&%%,%ﬁ%ﬁﬂ
ML XN B KREOBEE LT 5\ hd 5 EZ ks
FEL, THEICERAIND XS5 TR D2k. TEMEE
EUTHE, BUBBLY 2, WY 2k, Eikk
WAL T ARG D 5. BENECELETICL DD
MBEICH DT, SRR LT HREEETHH EE 2
MEFO 30 4£ 6 B X DIME ICEHAEHEOTIR 2w, E
#0032 £E9 AT 20t MBI AR SRR L, A
MADEITHIRT DL BB EDLDTRENDR. FD
REFFINHRE LD Dbl BEFOtksE, M2 fT-o
THAE 20t, 10t, 10t, 6t PBREEEL CHET S
TENTEDLE WD

II. BEZEREDSY

RSN EBOIRMEF U Th 525, ABEEEEL
15 HHEE T HUETE Bl BE BA IR DT K
2B L TERBBAT IS, (FLROBARITIFIE 08
I-mmHm/s BETH5) &£EREFIC X 50515k
MEDLNDY. s v, A by r—ORMEIZEED b D
BRVBILEA, / ZORIREIRFEOSEL, 3 X 048
EOREOLDEBOH WV s $E&db 5 Lubh
2. FHARMBICE O CHEIC X 5> — v, Tinb bRk
THDOBEDNY FEAEULE, TFhHArrBIvCEHEL
CODEERBEOEMEPRAL THE, EROHED
R by —25|LIFB L, HBEE Al
WMulEhr L CEERBNOHFRE LT, COBSHT

o

VHEOEREZT TEARTET 5% T EEOYN 2 {5
&7 D, HEOTHAMEE, Tibbinibik:y —
DRy, BRADFE ERBIF LD, HRIRBRD v
FREBHADLE X b MR A < L gk b7,

2ie < b 300mm LAEASBETH 55. —FICEHERAK
TR BITY =2 - NV TREWT, KAERER
SERGPTEREXRESD. / XV 30~40mm ¢ Z{HEF -
L, BHAREEVE 1500~2800kg /mn TH 5. EEED
Ze{LVIBFIART 0°2~0"9mmHg 2 $55ARE & FRiC 2
~SmmHg Lig?), —ERIZEEAKKT FCAK I DOFi%E
EEHFT 5. BROHZL L s Nk 5REE, 2
AP BTLERHFE L BLDETRS TR D, s
L OFRELETER L DTV 5.

(1) RO :

EMPALERFEETTHEE, TOREED 20~30 {&
DlEDOREGLERL, The YROMESEIST 5 ET
Nig, 1'd4~4kg/t OELMEE D Z Lick 5D, Ly
LEZES VI NICRBERESTE A STFELE VL, &5
MBRITRIT DB IO LI xh 5.

(2) WTHE#mOMimL,

MBS EEFECAD L, TWE EBENOENIETC X
D THMIS/NEICHER L, YOS D& S OTE T
D. UTIADAKR & SR P LETIXIomm ¢ Nk DA &
STH DD, LORIIIMIKEE Keododdhs) &
2TV S.—flE L TEDKRE X% Table ! TR,

PEAS DIIEBO T 25, » VDK, ENOEEE
T DT NIRRT 5. BEE 10 mmHg
AT iC 3 W T 60°C ~70°C DEEFICE A S B ICETL,

ALY 90°C Lie BT L2 Fwik. ThiIEGdi

BULERTREDDTHELLSVIREETH B2, B
EHECE W COIERAORTH A BRS¢, Br 2K
MPTWS. LU IDX5EFEMRD5RE, AL
EREBAR R EB BRENEL EF, WIRRIICIE
IR & BT A0S, SERHEV B Sk
L (L EITHES 70~80mmiTET 5), S {ET 4
B BOVEAN~T 4 VT RRFOTIHEETS T
EiTis 5.

Fig. | BREELY OBELEBLTRL—ESSL -~
e S CIREL THNNTEAT 5B EF L 7
DEG|I N BEEL THRO P LBCETE# 5L 5

Table 1. Distribution of small droplet.
Size of small droplet (mesh) 16 20 f 30 40 80 | 100 | 120~220
Weight (2%) 47 2°5 11°3 17°4 17+0 ! 2°0 12+8
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i1 72 2 FHHE L C sty o sing b moms [ | |
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Ingot mold —

Fig. 1. Schematic outlihe of
vacuum stream degassing

»BiKsy, HA%ER L *——Eﬂfz[/zerl chlvel oper

SBICREL, B

2B BLA I L
LTva. HeEm

g /1 2 3 4 5 6

Casting time, (mn)
Fig. 3. Variations in pressure
during vacuum casting. )

e \ system.
TEEL, Wk ¥

CHHCHIE VRER R TS 50T H v 7 OBRRILT
M B ERIC X > CBE |2 —REpicEh 4
BT LI S EEEEBOTELR L SR NE —i
CERUTERT R S hiclBah e 52 HBTE
5. _

(3) %, HBHER S CEEn5KGOBRE

ERHITI T DINETIE, ITGIREL OO ki

EENDKGHRECHETHZ LI TEL V. B
BRI DR <BERRFERT, W0 d 5 BIKEBIR
BxRETH. Fig. 2(@) 13D % 2 % 6000 //mn %
HOoT 1 KE»BEL, 7mn £ lmmHg. L7582
72 E%&RL, Fig. 2 (b) EREGLIEL 7SR %
AVTHESA L 72fF 19,000 [/mn OHFKGERE TREIAL 7=
P, BHWEHEEWEG LAY, 15mn i immHg &
DT kB RT.
Pimping ~spéed 13000(/m)

&000Cfimn)

N 3 y) .
T L UL LU LY “
\\\\\\\\\\\\\\\\\\\\\\\\ﬁ*&\k

,
|
=
-
I

RN E RN SRR R R RS 3
\\H\\H\\U\\H\\HKH\\HH\m§
L L 6 0
T T T A AT,
o 1] e, §

i, (3 3
I =7 T /17 1777 % §

f

/
n 9 & 7 6 5§ 4 3 2
Time in (mn)

Fig. 2. Variation of pressure in (a) the
blank chamber, (b) the chawber
containing the ingot mold.

5 M4 B3 R I

THAVVERA S RSB T OIS TN 5K, £ D
D H ZA T S to i, PIRERBEL Lo
DTHB. AR L 7 RECER Y % PR IO
DERRTHZ LI TERV. TSRO IREH
BEDOENOLE(LCS JIETEEDHIL Fig. 3 0T
ELTHD.

BRI L ORHIEII E DITHLVWH DT, L

. TEASN—EDHESH 5.

I X DT KERIUESBREINS 213V, &
MB35 & U R O KA VW FEH TRER 35 Z L ASRY)
THDH. PERMBMOBEREN, X vdus s ALiRE DR
B S BEAD D, L WHEBATES L& EIETE
ROFEFRELET DL LD 5.

(4) PHAGHFOBRITHE

Wi 7 A ZSERATHY WHERBC I LIN 5 BMOEM
FMBREL, POERMELES X5 CEAREILERNE
PEFMLETHS. L UIMKREZENTEBUCEELT -
Hip b, FHAREESIE OB THLEER V. U.S.
Steel Corp. Tlk 3~10t/mn®%, Bochumer CiX 5
t/mn®, Bethlehem Steel Co. "Ti¥ 17t/mn™ L5
BlAH 5. KAFEDOEEFAREI>EDHERFITI >
1) EHEPEBERED L,
BEAT 57 Dk BANENOFWNEL, FrEiic
XL S < OTRBELELH V. () FEEZAE
LT 5T LEHEEh, MEn K2R vS v, AR
T L EAR L OROEWEET S B CTHIICEIREHA
B2 ERDHH, HREOBRESITILEALL <EE
WITE 2. PHEERHEZRAT IS HLEVDTD,
ERTEADRE LR T XL, /A vis—ERLEh
g, BZEOEMEZFICRL 2 XvECHL, $HAE
BR2EEA 0T, A by —FieET b
V. B LIIEESERICE VTR, HFARESHEEDOR
BT ERUE TR, LECSLTEY S SORFE
CiBoME» D 5.

(5) BT XBRAD 4, EEENEDOFES,
FRINEY LR T HBEIRL WIBEEZREL, Ah A,
LB EMOFHTIRILD. 5 S VI SO 7000
300mm EH L, FHESKOTKAELZEET S &b
WBEREL, SCGHEO THET O EE SR, L
T OTEHAKR TRREL Win s &, B#MPRB T %
NEHY, CABEBEOHLE X L s OB LK
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0T, BAHEONHAEELIMETHD. OXFEE
P OERARIRE L L2, BREEETHRERE IO &
RTELH, FECREDLZ LML, BHENSHR
O-~ERLE, BTG EAKE D BH IGEL 2 L&
i, BLRANCERETRT S L SWFE2BAL THD
i, N, SUFRERIDTRRTDHIENTES.
B AEE LT, FEARFMOAE S L. BED
BREEZRE LUIFERZEB TS, IS5
UGB Lo TRRE N, BEHCBRASNDET
naidh 5o biIEEXET 5. Bethlehem™Crighiiik s
I BT 2B 238 1 S 570D, HEAGR T T
LTWBES5TH5.

(6) RiAH=R
FAREIOKESE RIX 3~6 ppm BE LD, 5%
RSN E 7o I KB IC S W TR B S DA R E S ET 572
&, EAIRIT T D OBEEE DI By, b
Lz 2ppm DLTRERETENE, BARERIEASA
OO RMIZIZEREBREINDSTHAHS. Table 2
VIRELE | FROBAZIT OV T E#HALESHER LD

T bk XIET RN AR,

Table 2. Comparison of gas contents in
liquid steels, air-vs. vacuum-cast.

Gas Tap. Pouring

Ingot method

Ladle .

0°0027%| vacuum

o} 0°0031%| . 0°0037%  o.00aa0n| mir

|

0°00020%| vacuum

H 0°00040%| 0*00049% 0-00050%| air

Note: average in 1958

(7)) EBLSVEE, B{LhOKSE

RAEDOFE VW EEE L UER LM I RehEic X D75
T35, ZFUoONERMBELEEAN, ForFDT7 404

~I®R L 724 2 b 2o LickRix Table 3 o<

‘T, Mn, Cu, Sn H FDOEELTVWBDHRE s,

INHOFAMIFEFCHMAT (g DTODDOLFEY

HB) BAEDOLDLHB. L bHKERESFSEER
YOBRBERET BT EETIE L DR RS .

HESHEON LA L BRENE, KELOIBDOF R ZE
WTHTLETHD. gk T & SERBHEHEER LD
AT X 2 H AOBIRIIFAIE X 523, TOIERPHEZEIT
XHLEINBHT EITEIOTHETOH 2 EFRANCIEET
5T EMTES. Table 4 X120 SN H AR %7
THBEITH B. ’

(1) BikFEHHFR

VWl SREMHEE DM O F R B REICT A X581
T b, KB OWTLREIREL X 58 /KESHE
# BiE Table 5 DT & THhHD.

BALDRENEIC X2 TE SN HMTEMELRNICT
BOTWBINELEEFRERRUTICT 5 &3V i)
NV, HBHEOBEGRICE D SKEOEREICIIEY
KEGEELNRDDOT, KELLDHKMEHIET 570
W07 < b afkh OREBIHEL T I L A iThidis oix
V. Thb LSRR OKESE 25 ppm(2:8cc/100 g )10
BT 42 0E DS, —HBOKEBMEIC S T
ENOEEE L CHEED Sievert OFERIND 5.

[H]1=Ky/ Py,

Karnauchov 3 X 8 Morozov!? Iz D fdE Foa
ST DV TR DK AR L T 5.

log[H]/v/Pu,=log K=—1745/t+0°888

Fig. 4 iz -3 X b 1500°C 3 X OF 1600°C i3T5
KEHMELENLEOBRETRLE. T X DEROK
FL2H R Sppm (5°6cc/1008) DUFEITAGREHTH &
£ 5ITiE, $HRARES 1500°C & L CH VY 5S0mmHg
LTtz Cwinidhidlx Sl

S00°C_1800°C
7

I

/
/

S

NN

S

Pressure in (mmHy)

4
74

o
s 3

S

—

7 2 3 4 5 6 7 8§ 9 W /72
Hydrogen in  (</i00g)

S

<

Fig. 4. Relation between solubility of

I1I. BEZHECSLIHTASHEDET hydrogen and pressure at 1500 and 1600°C.
Table 3. Chemical analysis of fume in vacuum casting (%).

| Si0; | Fe;0;+FeO | MnO  Sn  AkOs | MgO k P:0; | Cu

In vacuum chamber 12+42 i 42742 : 17+62 F — \ 8-86 ‘ — % 006 | —

On pump filter R ( 23-14 5140 . 2°85 : tr 14:17  — 1°66
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Table 4. Hydrogen, oxygen and nitrogen contents in air-and vacuum-poured steels.

‘ Ingot weight | Gas content, ppin
Heat No. Type of steel [Pouring method ,
: , A . - s -
7915 Ni-Cr-Mo é ‘ gg ?:2 12 .
A 5+5 349 15 10
7955 Vd v oee 3. 5 110
Y/,
e ’ v 5'5 23 13 120
A 55 40 40
V.
8033 4 v oo 40 40
A 5*5 35" 40
8420 V4 v oes 35 u
- L - 51 37
/ .
8428 74 v o 5! oz
A 55 5-2 44
p
8449 4 v oo 5.2 “
l A 3-0 36 34
8160 , Cr 8 30 28 o4
A 55 32 31
8218 v v oz 32 31
A 6°0 41 42
8286 Vi v e ) 42
: A 45 30 a0 -
8335 _ v v s 370 x
A 3+0 6*S 75
8416 7 v Seg °:2 75
L — 207 29
p
9095 7 v 100 27 2
L — 34 36
/
9076 ” v 67 3 %
A 30 35 57
8038 c = 30 3:5 57
L — 4-7 37
9110 Vi v 120 %4 37
L —_ 6°1 57
9238 7 v 60 o1 57
L —_— 68 56
9243 ' V4 v 190 08 6
A 02 7;5 40
70004 w v 30 25 4
A 4+5 31 50
8338 Cr-Mo-v v 4°s 1+9 23

A: ai, V: vacuum, L: steel in ladle

Table 5. Hydrogen contents of commerical
low-alloy steel. :

Steel-making practice H; at tap, ppm

Basic open-hearth
Acid open-hearth 3
Basic electric 4
Acid electric 2°
Basic bessemer 6

ZOENNIUEDT & EFHRCH LBIKEZTS Kl
ELXREENTSHS. T L THEAEBIET 50 kE
w4l <4 2*5ppm BATF &9 512, 10mmHg LUF

LA NER S W EPELITH S, CDX5IC
U CHREEEENECS VW TIE—FIC 10mmHg LT
ERAL TV 5ORERIIC S ZY LT LAY 5.
EH OEIERYEY) 1~2t i > vwWT 7~36mmHg
DELEETFE 50% DORKFELZRD, BEFEDOIRE
L~ D72 D TH 5H. P OKEHRBHIE S
, R L bICHERTRITSHL VERINL, BER
BRI X2 CHTLic. ZERPTHIELERTHEEX
RO KBIARRPOEERIE SN HHABH 0, 3
ppm DITFIABZ L3 EbDTHNCHH. (Fig.5)

B MIB R T XE, —A%IC 50% LLE 60% FREDIK
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XNos ° s/l
g ) o °ceog o/ be
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/ 2 3 4 5 67890
Hydrogen in (ppm)
Fig. 5. Effect of humidity and casting con-

dition on hydrogen in steel.

103 ~
<__._._._.____..._____“___,%
_ w1 — L
o
= ) .
' 0;%" 1
E /0 ‘.«50 . :
g / .“.\(0“ |
g /0'/ . M ) ?XO 1
3 \\;@ @ !
02 <0 5 !
10 0 B\ N
3 \i\\-w\ f o‘v“q !
10- Te\-,q, &a;,(, :
Y/ | I ]

o0 002 00507 02 051 2 5 /0 20 50
Hydrogen in (ppm)
The authers’ results, o Bochumer’s results
Fig. 6. Hydrogen contents after vacuum
treatment.

E2kEIN, BAKENOKZEVWPALT»PH LT,
2ppm LDITFAWIF IS, £ LT Fig. 6 DT E<LHZE
$EEIT X 0T b A K TR 1600°C kT D iE
SO FEEREICRIE—HRL, T OEHRMOEELEIZ
I OTEHLDTEHRCHKEZEDITONT BT EH3b
5.

(2) K &

BRI 30% A2 Tv5. HEFHETKY
BREBERICIRRICTEN, BiHEKE CO oG, 7

' [%C1[%01/Pco=K

hbBEZENREBSRICARELEELTLHI LR
L. Lo LEBRCE [0] oFZENT5CkI0E4
TELSEBERLTY5DTELDTEHTHY, T
FEBRIILBT LT X FEVEILZ OFENTLICE
BHah b E3Bbiviiwds, TR0 X>TRIE
HERPBAENEE 2PRBRIHFEST DLEX LN D.
Table 4 IZ7RFTH TV, Al 100~400g/t BIRMENT

W5DS, EEbORELINTWERWERSEITE VT
W, BEORASLTVWHDORRLND. EECHER~
FEASNHEHBPCRE T IBLIBBLTwH 0%
BlzZ2 L, $hARTIREM, DKL, B EaRFEE
Lisv. EEtoE&BAENORESITICEVTE
EEEHIEAREI D B4 30% Ais x> T .
“(3) mimk
BAMIBOEE R IN D COLmAB~NAERL, B

BEHELMEIN D, HELOHET LA EE(LS

. XY T — T 30~50% ERESh DL bND
PO, —fRIC REH RITRIPHRAROR A X TIXE L A
ERALEV L BRETHSS. Nix ALCr O
EELSSTHELBLIUSESLTVWHI L &, TEHREED/N
IVDT, BHERENREE LT BT 20pHg BITOEZE
EapEE 5. hrHmhEfomTimyie LT
200 Ao O, H 04 HfERIZ Table 4 R TiE%
HEL T3,

IV. &

TR BB HTORMIHEA~OBEAITEE LV DD
D, —RCEZERIIIOED 3 HENHD. (1) BE
S, (2 Al UF sy s VB, ) BER7—76
BTIh bR TS o CERFESR ST
HH 5P, FEPHEEHHTL, LAWMES L STEETK
BOWHHEZOMLISS & L5 IKHEKND 5. BRI
B L TSN a2 Tl < &> B Sh7c 2RIt A5
mboh, BEOHVAFERL, DRTCRAKRI LTS
REMETH B LE L, B 32 4£9 H X VIREEEEH
L7z, S s 5 EBOMHE LIZR DS L DR
258 D —fX OWEE TEE SN VWA LR ZETH
5. (FBFN 34 4F 4 BERED

3 o
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Effect of the Normalized Structure in Medium Carbon Steel
on Mechanical Properties and Ultrasonic Transmissibity.

Mamoru Nishz’ham, Taira INakano and Minoru Makioka

Synopsis:

With the aid of a lot of materials picked up at the production plant as samples for micro-
photography, an investigation was made to try to study statlstlcally the relation between
the microstructure and the mechanical properties (ductility- ‘and toughness) to clar1fy the
effect of acicular pearlitic structure recognized in normalized medium carbon steel on its
mechanical properties. The results were summarized that the mechaﬁical property varied
according to the microstructure and the microstructure, in the course of becoming coarse,
made both its ductility and toughness decreased and ‘the standard deviation of 'the 1mpact
value increased.

At the same time the ultfasonic transmxsmblhty was investigated on wvarious microstru-
ctures made by the laboratory treatment by which the relation between the microstructure
and the apparent ultrasonic attenuation coefficient became ascertained.

i

L # I % B #

¢m%%®@ ERBEEETHE, PRE7 =54 b EEbhI, N 10t BRI THERL A 2°5t S
FETH KL~ T4 MEBORD LN B EES LIEL Z[EE 200mm FRE OMIE I, 850°C /5h 22,
B, —MIC, TOXS RO, #—RXF  620~670°C /8h 2B MIRE {707 HEUE{RIE sk
FA MERNEOHWEERL, £—27F4 b2LDO¥W  #T, Table | W RTEKSHEEOMETH S, DX
MEEND LHHANCD DHEREHEELLTVI LR  AR—BEWEBEOLIOTEH, F»— it k2T, H—
STV EAY, COBOMBOIMHOBBIMEICS M~ 4 b, $HR%ET7 254 bR ST A~ 5 4
IiFTEse, HEMMORAHE LREEREIR S XS FBHDHNIINLOREL HEE R T D ORE b
WD lBE BB & OBRIRICOWT, BARMICHE o7v, ERICBEDI VT » — 0§ 20 F & — S FEIR
ENTF — F—HBREHNDNI S ICBZT 50T, 3 LT, EBME Lz #M orEmm BEmesas,
E OV, MO MEEEORRMH L 7o & ORI ‘ n
ZRTHEE BRSNSk D, TEMESMRES BRI E * FHMBMFIOH RRXBHERKICTHE

FWEREIC s LETREC OV THART oK. OSSR, WEPTER



