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Development of Alloy Bullets Shooting Method into Molten Steel in Ladle

Shigeru 'TAMAMOTO, Kantaro SASAK1, Hajime NASHIWA,

Hiroshi SUGITA, and Akiyoshi MoRrt

Synopsis:

‘The bullets shooting method has been developed as one of the alloy adding technologies into ladle.

The charactristic of this method is that it is very effective for adding the clements whose properties are
distinctive in terms of high vapour pressure, low specific weight, and high affinity with oxygen.

By utilizing this method, several effects have been obtained.

These are as follows.

1) The shooting method of aluminium gives a much higher aluminium yield of addtion compared with the
conventional method, and the amgunt of aluminium addtion becomes 809% of that in the convetional method
for killed steel. In addition to this effect the scatter in soluble aluminium content in products has been
reduced to about 1/3 and the steel quality has been improved.

2) SCAT is a comprehensive system of calcium adding technique by utilizing the shooting method, and
gives a high and stable yield of calcium. By adopting SCAT the shape and distribution of inclusions in steel
are altered, and this results in the improvement of mechanical properties such as low temperature though—
ness, clongation and notch impact toughness in 7 and Z directions, and toughness in welded zone.

3) It has become possible to control baron content in steel precisely by utilizing the shooting method
combined with other technical developments, and thereby to obtain the tergetted mechanical properties.
Further development in ladle treatments is expected and especially the bullets shooting method will take a
significant part in this area.

1.

BBABEA~OEETRING, ERIESEED S H s h
Wk y =X DD T L P AN EBBARETHD
R DHIFREE L+ SR TE 5D O Tl o,
—7, S OERSBAERL, LT 5 coh, #
REMCVE@isRA), SIREIM:, BESHRY,  iEr &
DIERDIFBETIL Y, XD THREERBOHEFIAL
<o, NEMOEREIESE THE T 5 28 Bikic
BB ERD T & BEFHRIIENTDO 2 AVt o
KAMRERZRET 5D TH Y, BrOWEMS LI T
A3 ~D, ThEE, RELA, NNEERSOWERET
LEETECHOWVTE, FNBYOEE, NFYFnk

S TR ETHER S ARAFHILSSEOSIASE Fh T
7-8)~9),

)

FHEDIE, TS5 LEET L, S4TESBIET
A U CERMPNIS S I T HA IR N % Bk 2 £/
fbL, FROEREZEF TS,

AR Al Ca, B, Mg 75 X OMEILEOR
DT RS & FE 5 LTV B8, C, Mn 12 & 0 sy o8 5
BIIFERBE UT, IWERNEIRO B Qs 8 b
RENTHED, UTREORNBICOVWTHRET 5.

2. SEHBITEAZOERNBRES

SEIMOBEERIILAT D 4 DDEB I DWW T 3T %
fZBHT 5z Lt dh B.

(1) AMEETOFEERH

(i) BFWMNTOZEE

(ii) BWMANTOEL

(iv) BN T OO Pt

* BBFS524£3 A3 HEN (Received Mar. 3, 1977)

OEXEBITE@ER) MUK SKAT (Wakayama Steel Works, Sumitomo Metal Industries, Ltd., 1850

Minato Wakayama 640)

B FRKEBITEMR) R REFPEFR (Central Research Laboratories, Sumitomo Metal Industries, Ltd.)

— 168 —

3.



*

TR Y1 S~ D & & BT b iR 5 Bl D B 5E 2111

collision

0.03

o

°

n
i

Cpp=0.2
~—0.4_|
06 |
0.5— 2
0.4 % |
8 0.3 %Q
2 0.21- &\
2z &
£ 8 . \
E 0. <
oo s 0 N
€ =1 E \\
% — \
5 0.05}—
b 0.0a-
0
@ —
a \

0.01

ool

2.56
Ratio of the specific gravity Ji/¥s

Fig. 1. The effect of 7f/rs and Cpp on decelera-
tion by the surface collision.
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Table 1. Advantage of the new Al adding.

Advantages

Productivity

Quality

1) To decrease off—chemistry heats by improvement
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®5HEE LT, MILHRAEDTRESNSMPN
wE Ce i EOFH EHEILHE T /oiE Zr OFRINTIERE

2)

3)
4)

in hitting Al content aimed.

To stabilize the process planning by decreasing
grade change.

To decrease degradation.

To increase efficiency by reducing the slow heat
time of ingots.

Al-killed

To decrease the cracks of ingots by

steel|reducing Al content aimed.

Si—killed

steel
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DE(L, BEEORL EOfMER A L1 19,
NHMREEZTSICRIFELEL VTV EORBINTH 5.
—7%, BEEne Ca B L TIXEEE & OB 58\V-0 &

LUTE R

1) To stabilize the creep strength by
stabilization of deoxidation.

2) To diminish the surface defects of round
billets due to lack of deoxidation.

1) To diminish the surface defects due
i Xilled to blow, and laminations of the
steel ingots top due to over deoxidation
2) To stabilize the swelling of the
ingots top.
1) To stabilize the rimming action by
decreasing the amound of scatter in
Rimmed oxygen content before teeming.
steel 2) To diminish the surface defects of

slabs and products due to non-metalic
inclusions by stabilizing rimming
action
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Fig. 12. The comparion of the actual soluble Al

content with the calculated value.

Table 2. Various types of [Ca] adding processes and their problems.

Measure of ([Ca] addition

Problem

Location of Adding

Shape of [Ca] Alloy

Charge into 1ladle

- Low and unstable yield.

« Deterioration of operation environ—

while tapping Massive ment due to enermous dust.
molten steel « Numerous trouble of nozzle
closing.
« Low yield.
. s -Contamination of vacuum vessel
Charge into vacuum | Massive
and exhaust system,
vessel
+ Numerous trouble of nozzle
closing.
@28) ~ (24) -Unst?ble y1eld.'
Ladle injection powder «Closing of blowing lance.
+« Numerous trouble of nozzle
closing.
. . limi .
Wire feeding into Con?1derable imitation of
. adding amount and effect.
mold or pouring .
pipe « Increase of macro scopic
inclusion.
SCAT Bullet

— 173 —




2116 & ¢

% 63 & (1977) 132

BOTHEBEL, PORIESE VL WS IFHE~DR
st LT3 LS AR EER2E T 57002, J§
BRI A THEWBIE CIIRETH Y, FORRLE
HIRES>TWiadr 27k, 2T, Ca ¥HEkICRK
ML, MERNTHHEBEORA XY 2h o ORE 7
prehne), Mo e LCEHEEBIRTWS.

4.2.2 Cafim7 v+ (SCAT )

Ca #hnFHE Ca OMMERKHMEZ b0 & LTSRN
O TF i JLE A & §HAT E OO A2 A L2 o+
AW 720, SCAT @i EhTwd. #0780 —F
v — b#& Fig. 13 ic5R7.

A oD & & < Ca WIERE & DM A 5E W72, T
ROBEMABERIIBABENC ENETRE. T00Dn
TR T4 s IAERALEE & FIRFIT, FIRERE LCEEER
LI BMILMBNEWOSBERE, /g5
~OBERMEBRLEC S UTCERBINSD. T, Ca ik
HEDPFRD T L, P OKKAENE VoD, THOPIICHE
MR EmLTRe S e 28k x<h 5. SCAT
HEOEEE Ca IR CKTE S h, IR RS X
DEEERHENSOTHEMEEZ HE L TV AE{LHX
ZIUBHFEE LTV RS E0Ebo R[S T2 T
5.

TREBAIAIIC RIS huie Ca i3, Ao EAUE 2 -
LWSHMT, ThERTIHFRORER LS &kt L
BN TIEEAEE—=CHHTHH, S5l —HEH

| Refining |

r

Vacuum Treatment

Deoxidation

+ [_} Bubbling T t t ,
and Alloying ~| ing Treatmen
l Stag Replacement

[ [Ca] bullet shooting

R e . *{ Molten Steel Stirring,

Casting with Gas Bubbling Nozzle

in Perfect Argon Atmosphere
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Table 3, Chemical composition of samples.

Containing percentage of chemical composition in plate (ppm for (Ca))

C Si Mn P S So:LA_Q' Ce Ca Others
A 007 | 030 | 151 [0016]0005]0027] ~— 27 SCAT material
Top side 007 ] 030 ) 147 [0015[0004]0.042{0013 - REM added material
B Nb=V
Bottom side| 006 | 030 | 145 [(0015]/0004}0039]0021 — | applicable
amount’
¢ 006 | 031 ] 147 1001610006} 0039} ~— — | is added Conventional material
& 004 | 031 155]0014]0005|0.033f -— 35 SCAT material
60F o in Ladle immediately after SCAT 4.2.4 SCAT o%h®R
50} e In Product _
a0} (1) HLEkst
(oo aof SCAT 3R & FE T 5 i ERA S he ittt o1k
el AT mE e mm e i Sgsg Table 3 IR Ui HAMIE SR [C1-
10f Spure catcium saditive 180~200 g7t {5 [S] _g [Mn] @ 60 = v §f+H N 7]/} <THb, SCAT D
o =

200 400 600 800
(So1 A1) (ppm)

Fig. 14. Relationship between [Ca} content and
[Sol Al] in molten steel in ladle im-
mediately after SCAT and product.
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43, [Sol. Al] 25EF g d Ca @L< BEOTWHT &
B, BFMho [Cal IH AL LTRE LA D
7 EOBRERERG L TEES N, Kis & diTib T
B [Sol Al]l BE W EEEFIC X HIEFENAL LD,
FEREENE LD EELLNS. MX RS [Ca) {#
vk, #9+ 6ppm DINOEFETHIEITE 22 & b b,

FETHE L. S5k, BlEEEZEDTVWBE LT —
7 —Z (REM) iiRin#t 2 nx, ThZhoihRz i
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THES N 5, 9 20mm [Fic—HRELES R
7B & 0 BRI L7z,

(2)  SBH OEMHItERE O B SIS
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DRt E S, MBREE X D B BA TR LN D
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&K% % REM-Oxi-Sulfide ZONEMIEMOLLE LR
BTELLTVWSTD, ORIk MAE LTHER
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F—vavORBELEDZEDHERINTVS.
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Table 4. Outline of effect of SCAT.

Classification Items SCAT material REM added material Convent?onal
Top side |Bottom side] material
T.S (kg/cnd 581 580 57.2
Y S (kg en”) 419 419 416
L direction |E1(%) 363 360 367
vEo (kg-m/cn®) 266~230 260~>30 253~230
vTs(tC) ©100~O182 | ©93~O108 ©95~(2105
T.S (kg/en®) 57.1 564 581 56.1
Y S (kg end) 415 411 416 413
T direction |E1(%) 859 305 286 333
vEo (kg-m/tn?) 237~272 9.7~19.9 26~817 57~11.1
vTs(C) ©90~0104 | ©O85~O101] ©68~O99 ©80~G90
T.S (kg crrd) 639~69.1 540~554 526~552 551~558
E1(%) 289~312 9.1~149 86~130 180~233
Z direction |vEo (kg-mtn?) 96~121 0.3~25
vTs(t) ©2~38 40~2100
RA(%) 726~773 184~20.4 78~202 343~490
Note : Gauge length at tension test
L T direction 2 (API standard)
Z direction 3.54D (D=4.5¢)
i %
. >y .; 30 I .
? 100'_ § \6 ] SCAT material
[=] materi
g; 80 % I 20} | )
g 60 o
< g g
@ 40 £
= § g 10F Conventional material
= 20F -E‘ a
@ S ©u
oF 5 5 I ] 1 . n
' y . - — 0.002  0.004 0.006 0.008  0.010
Example of Charpy Test Full Curve in T Direction .
(S) in product (%)
—o— SCAT terial
% 201 o= Con n:.\a e: I; terial ¢ Fig. 16. Effect of [S] and SCAT on notch impact
S ventfonal Ma . energy in T direction.
&
S 16 (3)  THEBEMRE & BB DS
@ Fig. 15 1c SCAT # & HBMD T HEy »n e3>
L=
IRt A LTNAh—TERT. SCAT MTix T HHORIL <
(=]
2 P E—ORBEE WU Euax.cr) LR HAMEC
3 8 BT 213000, BBIRE (BT T, &%) 254 20°C
EIRANTET L, REOHRIELER LTS T &
ar b,
E72, vEvax.on WEBEBAM RO [S] S RKET
1 L L ] . o
0 -200 —160 —120 -80 —40 0 40 HZEEREMOLEDTH B, The Fig. 16 o4l
Test Temperature (C) HTRL. [SI1EFEDETICE BAEDT oErmaxn
. it B -5 = |
Fig. 15. Results of 2mm V notch charpy impact BREIN T ORGE SCAT T, T ORI &

test.

DD KBS HREERTZ E25ba 5. KNP SCAT
MOMREHEBOWE TR LihS, ZRIEDOWTIEET
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Fig. 17, Effect of SCAT on 2Ts.
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SCAT mterial Top side Bottam side Conventional material

REM added material

Fig. 18. Effect of SCAT on mechanical properties
in Z direction.

A RN % 0%, MRS [Cal Bz X D ZORRITN

SVXBHLHTERTRLTVS. —F, +Ts bEHOFE
PO KESIWEKRETDHZ LI, X<MmbhT w5
Fig. 17 V¥, SCAT #f & Ca gt &5t LT T
E7 =74 MUE L OBRETRT.

M OBEL,PRTLELEUT = 74 METDH SCAT
HOFDEY 20°C, T PR TTHZ L PBbh»r5. ZOH
EVEEA 52> Cladev b3, oTs SR N EDOFEEIK
KT HAAEME AR FER LT3 D BBk .

(4) IREHEOEHRIEREONE

Fig. 18, Fig. 19 iz SCAT it X 288# D Z Hajoks
AR WBRILEZ AT B HEESF OB EEED
CHEASN SR Z Aoy, HEEELEDE
kEXhpXdickoTE7. SCAT #Mix, zhbHoE
KT LT HHREREL TR Y, EERHOFTHX
HO—DO&BHE LTS, Fric Fig. 18 1Ky, TFBA

30F o)
L Direction (ZSE)L

26.0) (253)

20}

0F  (272)

T Direction 20f

Absorption Energy (kg— m/em®)

101
0
20}
(12.1)
: i
Z Direction mne
(9.6)
@25
0 08 (0.3;
SCAT REM REM Conventiomal

\ (Top) (Bottom)

Fig. 19. Effect of SCAT and REM addition on
notch impact energy in three dimensional
directions.

BIEM OB ERBRFE R AR Lich, SCATH v Tid
WEHTE RV ERD BT R € RIF TR KA & 45 7.

(5) mHEHowREgEE

FIRFEEOHA LT\ 2 Ei g o KRS ERE S
ET, BEHEO T OEFECoBBt b EkEh,
SCATH#1x % 5 LicfElc b RERE LT 5.

Fig. 20 iz, £@HHEH TR DEER Y N0
T SR < 4 ov £ —738, SCATIZ X b KigicESh
fe—HlErT.

MTAE, IRESMEIEERERM O wBAR, EiEb
DEFIZH D, P OBEEFERORE SBILITE ALK
WTTE, SCATZ X AEEHMMEO M B v> % 5 4F
HEEVWZLS.

4-2.5 SCAT iz X 5NEMOEEZ (LD KRS & B

(1) SCATZ X 5NEMEREOZEIL

BT T, SCATIIZ X 2 M OMRERE T 2V Tk~
Fobs, T LTV, £ LEshRE A6 TEBICOWT
R Lok REe R~ 5.

SR ED SCAT B REM i X % JEaBEsHL
DEfEs Photo. 2, Fig. 21 757

NAEWRE ORI CRRD Hivd ATRDEM L7
MnS £ B %D ALO; # 5 2% —%3%, SCAT.ic & DEk
FILLT, porhThpmsr L THET 5 CRICixif
LTWwbZ Ebh%. REM Rl feH Lo
WL BRO I I A X ~IRNEDICERL TS, Fig.

— 177 —



2120

% r m 63 & (1977) ®iss

S Soten e weeo
16
14 * SCAT material
o Conventional material
12}
L]
L ]
10}
8} se
. -

Absorption Energy of Charpy Test in T Direction Weld Zone (vB-51— kg-m)

20 25 30
Cooling Time between 800°C and 500°C(sec)

Fig. 20. Effect of cooling time and SCAT on T
direction absorption energy in weld
bond.

Inclusion content (wt%) and type

SCAT material

T side B side Convertiona) material

REM added material

+ Fig. 21. Favorable improvement of purity in

SCAT material. (by JIS analysis)

21 WRENANEMD TFERELHHO AEEE»S
BEMPDAR, BROLDA, SCAT #cix CH%
FE ULTC—MBRPFBEOIEM T TIHREESEATED,
REM S CliBRE2 XL LT—8CREFELTY

82 =t ° X Material shown in Table3
38
E P A Material shown in Table3
a8 =
e 2
=
N
o
b
]
8

10
-
-
©
=
a 1 1

100 1000 100005
Total Length of (A<-B) Type 1nclusion (measured area 20mn?)

Fig. 22. Relation between shelf energy and total

length of (A4+B) type inclusion.

)

vEo!
vEo(L)
o

bo

Absorption Energy Ratio of T
Direction to L Direction

, . , X , \ .
6 01 02 03 04 05 06
Index of Effective (Ca) Valus (=(GBJfS)in Products )

vEo(T)

Fig. 23. Relation between the vEo(L)

and

effective [Ca] value.

BT EXFbrS. Lird, REM FintomiREER T
BRNEWMOWRSELRRBRD Sh 5.

—7, SIRMEBRTOMY, Koy v+ v —RERTD
BN = A0 F — KB 7 S vwTFh d IEggERE RS &
D, X QMR RICH)-OMIL i e o sy
R, HOETROEEI, k) KESPICIR
6h,01puT®é@mmﬁﬁ¢&maéhfwé
FTTARE, NEWD R O &R < 3 v 5 —
@%kmtmﬁﬁéF%2ZK?? :

B& DAL EL, WO MR 5
D, POXDVERMOFVBRIFLEETRTZ LKL
7o. L7dioC, SCATO$RIZIAR, BRENENOS
BRXOKRESRBLI BRI LECLDHDDOTHD, Fis
BEEAROLIVER (LR, EHoER) ©
X ODRESUEYRERETE DL h8brD

(2) SCATIZ X 2 OMREUE B OHR
SCAT #Eff L in3BE, TOMBNsY 3 24T 5
BEND D T EEHROSHRFIDFEA DT DR 7e.
SCATOINRZ TR THaZELE LCHERRBRITH T 2RI
ANF~LOKFMIET 5T HEDOK &, SCAT L
DiELER R T HREL UTHS) Ca 158 RM R [Ca]l
EL [SlfEDH) #FEEL, ZOWMEDOHEHEELR LD
2 Fig. 23 ¢ 5. SCAT MBIz 5\ TIEF OSEA &
RiCTHRBAHES) Ca RSB H D LEETLTWA
Photo. 3, Fig. 24 W FRBEBNEWD ’*“Drfta>
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in solidified steel
Conventional steel _, , o .
0 100u

in moiten sieei

|

A o ‘4‘;
.5""'.5_

SCAT
| )
in molten steel in_solidified steel
. " ®
° P =
Ca-Al-O
Ca-Al-O-Mz-S
Ce-S-Al-D
Ce-S.-Al-O e
3 < 7

.[

in solidijﬁed steel

REM Trea'tment Steel

Photo. 2. Change of inclusion shape and distribution through SCAT and REM addition. x28/39
High Temerature m
Fange i
A
Cal
Temperature ‘ \tns /
MaS ﬂ %
Low Temperature W
Range ’
X.M.A.of inclusion|A1,0, MnS 64A1:0: Cal 2A 2 0;Ca0 |541; 0y 3Ca0 Al,0,Ca0
Melting point 2050°C  [1530°C 1820°C 1745C 1720°C 1600°C
Hardness(HV, ) 1490 165 1200 772 . 900 1100
Effective(Ca) Value Ca free <01 0.1~03 03

Fig. 24, Properties and composition of composite inclusion change corresponding to the effective

calucium value.
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Photo. 3. EPMA images of non-metallic inclusions tfrom rolled SCAT plate (Reduction

"I‘rlililccli{::ss :ff ;i:}t:)e = 6) (Composition of composite inclusion - dep;-:nds

upon the effective calcium value)
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=
T

0
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Sol B content (%)

Fig. 25. Relationship between sol B content and
mechanical properties.
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K E KT LT VDT Edbrs. Tihbb, %) Ca
EREANZ VN E T, A7 D MnS 2SEEFLTE D,
ZDIED LRI HE>T MnS 5354 L Ca-Al-O-Mn-§
D AW~ TEHASER LT W X 595 b
5. wFnice X SCAT i X ) BEEE(LE N ED
vt MnS (b LCERLE, EEEOMEE i Tk
D, O ENBEERFEHBT O ORKE MERT
BRAICILD T 5 L LSS N

+2.6 SHORY

Ll EDZ &< SCAT i k v NEmImEf Lol -

RECIRREND - L AUERE N, SROMEARBED—F
mrRTbos LTHEXhS. 4%, FEOHAST
B XN B HRE MO BRI RS & (REET+ 5 80, Al
% (REE T 5 SM 7L & O BLEIT D TR TH Y,
SHEOBEREAPIFEND.
4.3 KoryiR~OER

4.3.1 & @ _

BEAJRETTRE LTHER SRS X e (B, Lo
M A C SRR X B 7D, X TR I
BEXIRmMTa0ERSS. FO—HlE LT 80 ¥ui
SE NS B0 SR EAEIC ET BOEERR LD
#% Fig. 25 C& 5. [Sol Bl {ErsEimd % & HEAIMERE
»HILT B D1E (Fe-Cr-Mn) 53 (C.B) & & 2 LS HTH

A%, BEAGEANCHAITH L, A FA4 MEREORL L
5L, LUV EDREROD B EDEETTEIRE K
FEaz lickb, BEAMMET LSl 5l (<
FuH4 b+BIRENRA F4 F] BELRENZ LD
X OB BT T 572D THD LN TV S.
DX STt Sol. B {EVIHR D T e\ i FH I il
THLENH DN, BUEIEEELERLOMBMAOTHRT
HDHOTYW, FORED X VRENCIOEERIGE LT
IRTFHIED LETHSH. Db BHED kEE L
T, FHREEZERE T2 —E0 BEmMEHfic>WTBT
RSz R B
4.3-2 BIRMIA OMMEFRS B DWT
AL O BRI RE A B E T 5 [Sol.B] i & [al—SRA4
OTTE & DRI, EEARE 930°C s\ T (23R
W T BEARAIAL D 31D
Sol. B(ppm) =1 536[2%Total B]
+143[2%Sol. Al]—1054[2,0]
—762[%N1+2.7[%Cr] —0.85--coceenenen (23)
2HRFERMMOLZERBIITE W50 TH 5.
xRt Licoas, Fig. 26, Fig. 27 TH 5.
T, fHho [Sol.Bl [EZRELDdITIX, R
FiBEEE & [N] SREOHIESLECTHD, Zhilitn
T 5780,
(1) 7 -oforBaeiikimnraciEL, chs
DFEZFEHEE X 0 BEMA A SR A Hnes
(2) BARINIRED Y be —VvEEORS
(i) Bk (T REEMC X 5EHR IN] R
& DI
(i) BRIFRERS RO U
(i) SFEKHIESA
(3) Fo RmpiAmMEEED L b~
(i) Al ORFMNEO R
FEHFE SR LR 0 VIRIMAEEREL, < D%
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] [1---- usual (N} content materials
A---- high () content materials

S501.B content
0
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L L .

0 005 0- 10 [0

So1. AZ content (%)

Fig. 26. Influence of sol. Al content on Sol. B/
Total. B at each [N] content level.
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So1.A¢ content = 0.06%
(N) content = 0.0030 %
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Fig. 27. Relationship between total B content
and sol. B content.
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Fig. 28. Comparison of total B yield before and
after improvement.
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Fig. 29. Comparison of Jominy curve before and
after improvement in adding method.
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