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On the Desulphurization of Molten Pig Iron for Steelmaking
in the Reversible Shaking Ladle (D. M. Converter)
and the Production of Low Sulphur Steels.

Takeshi ORURO, Hideo TOMOMATSU, Uichiro ItHAMA,

Noboru Havasnr, Rinnosuke YAGURA and Jirs JIZAIMARU

Synopsis; :
The - authors have studled the practlcal aspects of the D. M. Converter for the production of low
_sulphur steels containing decreased sulphur of under 0°010% by the duplex method with L. D. Con-

verter, and compared these steels of extra low sulphur content with those of normal sulphur -content
~ by the. ordinary L D. Converter process.

Test results-are 'summarized as follows. : :

(1) It is easy to desulphurize the molten steelmaking pig iron (even of comparatlvely low tempe-
rature) to the low sulphur pig iron of under 0°010% by use of the D. M. Converter in two or three
minutes’ mixing treatment with suitable eccentricity, number of revolutions, inner diameter of the ladle,
and with suitable time cycle of  clockwise revolution, halt, and counter-clockwise revolution given to

. the ladle alternately; using calcium carbide of under 1°0 wt.% as a desulphurizing agent.

(2) It is also technically’ possible to desulphurize the whole molten steelmaking pig iron from blast
furnace. to the low sulphur pig iron and to produce the corresponding quantity of low sulphur steels v

of under 0°010%S$ by the duplex method with L. D. Converter.

(3) The merit of desulphurizing normal sulphur steels to low sulphur steels of under 0° 010%S is
not always clear, but the low sulphur steels (JIS SM50 grade) have proved the marked improvement
of notch impact toughness and of plastic deformation characteristics, being probably caused by the
remarkable decrease of amount of sulphide inclusions.

(4) TItis possible to apply desulphurizing process with the D. M. Converter widely, which. proved
the profitable means for the production of each low sulphur high grade of stecls Desulphurization by
the D. M. Converter does not result in variation of other elemental contents.

- It is supposed that the low sulphur steels of under 0°010%$ should become more and more needed

_in the ﬁelds of productlon of each low cost high grade special steel (of heat treating ‘type) and of
quality 1mprovement in the products requiring much less sulphur segregation in future.
(Received 6 Sept. 1%5)
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Table 1. Chemical composition of steelmaking pig iron used (wt%).
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Table 2. Chemical analysis and size distribution of calcium carbide used (wt.%).
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Fig. 3. Effect of duo-vortical mixing on the
desulphurization velocity or efficiency in ‘
534mm¢ ladle (¢/R=0°169). '
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Relation between initial ternperature of molten iron
and desulphurization velocity or efficiency in duo-
vortical mixing with 609mm ¢ ladle (¢/R=0"148).
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occurrence in duo- vortlcal mixing.
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Fig. 12
m various inner radlus of vessel
(but e/R 0* 15)
rx ﬁ%ﬁiwm%lh,ﬁﬁi,ﬂﬁﬁ%ﬁ%&k

9 DOFEBNRBIT OV TKDERIRIL A BIES L 72 -
WENDEE ISR EWES R EAE U . ERELE
BRI X S IRAHEINER)EANE
ThHY, TOHER ExﬁﬁarﬁﬁbiﬁExF%‘fbilil%ﬁf H5BHDT,
RAVEIR DBPE T DEAIBIEOMREPIE T 55D
WL & U THIRIC X 2EF OB L SoffElz L LT
v, FRAC, 1% S RSB ORIIEIER, s
b LEEPICIE SIRES T T IR ORE (%)
ZRIEL 7. 10 ICREREZRT. HICHLAET &
<@&ﬁanpmaﬁAﬁ,m%ﬁM,ém@m@ﬁ
AL 50~60%, 70T.pam DALY, RLEMAL XD
WWABIT KR E7D729%, 50 XN 60r.p.m OBEA XD
SRS R RT3 B0, ROE 142mm

Fig.

Schematic relation between Kw?R and Ef

BOE & < FRDTHME b D

TUEEERE D 50% DL EEokss, E@Ec

{’/;



~a

TR

G TR

Reversible Shaking Ladle (D. M. Converter) ic X % SgIES OB X CERMOME 127

L B0, EEAIEORE Ot DEM EIREEL

BOLEZ BN, Fi-EEK 70rpm LFELE 102

mm, 122mm & ZAIE e R AT, RS 50%

KETHY, TRERLEMALRASSD LE 2SI
735, FABAHTET 5%, AMOKED D. M. Con-

verter H\WC, BERRLEC(e), Higl (r.pm),
WEEEE (R)ZRET B 2{)@7M_C X % RASEER B £T D
TokERA R &, Fig. 11 3 X0 Fig: 120&

BUTHD:. Tiobb, FELIICKT 5 EEET R V¥
—~UTo KR (w: fAEE, K: &80 = Et (i
% SREBHZEAL RS/ MERBHARIN 1k ¥ T OATERIRH
X100%) & OBRICOVTERL 23D TH%. Fig.
11 SR T L, Et s RERDY, TOFRK
SVRLE (/R) BkE 551EE KwlR OXEWH
CHATT 5. ERRLE (o/R) 2UNE L Ik BITORT
Bt ORREMEL R D, B L SN 5 EEREEE IR
Q7B b D LHEMSS. Fig. 12 1Z{FELE ¢/ R=0"15
Uk XOTMNERE Bt S OBRIC oV TERL
LOTHOT, WRAESIAS b L Bt ORKAMHA
Bk & LI B, ok Bt [HERT KwiR Offi
FE—EL, AR ATEBRERD LR
RLTWE. 2O EVE, EREAHEE 500kg 55

80t F o D.M. Converter T3\ ClIiEs Kw?R

DR —EEELZTIVIEERTHDEEZD.
2-2-3 RHEER
(i) WERHtoE
BREBROEREAS OB 102mm, 122mm &, [H

#x%k 50r.p.m, 60r.p.m &EREET 4 FHFITOWTER

BOEBEEZ KD 2 ERE2 TR0k
BEEEVT 10t, B —NA4 FIRINEE  100kg (1°0%)
21T, 2min FICES & EL TR ZERRL .
FEiEOEEEOEM 21T 14sec (102mm, 60r.p.m = D
P DL 17sec) JBE, 4sec FIbDF 1 2oV ZFEEL
7z ’ ' ‘ | B

=54 REIMCHESLD T, WHOB S 2B L.
60 r.p.m’ DA VI LA R IF s s S REE D FEZ TR
D7HY, 50r.pm DOEETE 102mm, 122mm L H, H

F D% S RER SR L 0T | |
Fig. 13 WHFiRFEE™T. NE&RBEECTOLH

Fn2 FoOEBROFEEE R LD THS. MICHL
W & L, EEERERSHELEL T Orpm D&
¥i, 102mm, 122mm & H2RCPFEL, WCELET
O—FRROEE & H T BRI R L 225 50
7o UL, WESIRESHORENFE THok 50
rpm. O¥ETL, T OEEFHEEEFL QR pok.

Suphur content of molten iron (%)

Sulphur content ‘of molten ‘iron (%)

102 mm | -both clockwise .
122 mm

and
102 mm -

122 mm }Revo[ving direction
countérclockwise

122 mm ) Revolving direction
102 mm
122 mm}
©102 mm

~clockwise only

(o]

o}

N
a
[}
%
S

Shaking time  (min)
Fig. 13. Effects of duo-vortical mixing, eccentricity
and number of revolutions on the desul-
phurization of molten steelmaking pig iron.
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oo ;Carbide addition 0.75%‘]? ,2'2
1 mm.

_ x—%:Carbide addition 050% | OTPM

0020 -

0.0/0

Shaking time {min)

Fig. 14. Effect of carbide addition: percentage on
the desulphurization velocity and stability
- in 1578 mm ¢ ladle. -

DL EDERFER S L OFHEROMRN» L, ZoD.
M. Converter Z 31 S FEENZEMAL, [E#ERE 6Or.p.m,
ROE 122mm HBREEE 2 bhvic. Tk, BEIBRAR
DOVEPEERETY 1185~1283°C, Fig 1246°C C, 10min
RIEEI 1 O FEIREIRT X 9°C ThHofc. T OfEIRRE
BRERERICEE T L T X TEIEAIL 5°C
PREBDTS- : '

(i) - =4 FIRMEORE

VsgrE® 10t &L, 60rpm, 122mm OFFIEH
BOESEETCRET %0 — 51 FIRMEDOKE % 75kg




28 %L oW W52l (19%6) M2

(0°75%), 50kg(0°50%) D 2 BHHEICZHLE® T, Bipkik
WEBET L 72-

Fig. 14. WEELTT. HiCABD 51, 0°010%S
TIPSR T 51Ci 4~6 min ZEL, 7 ~/84 F 100
kg(1°0%) WIMDEE & HTH B2 BEFEE DR
ZRL7c. FRPRERCEY SR E RS &,

THEEREIVNTH DT D TR, TOETNT Y F2

B, FEIREETHD L ERR L. CoORREID
W, FHEIETE RV, FOBBREULER, E%
Elfs4 4 2 Ve B3 RN GIRL TEEEET S
ETORE) O (BEELL 3'2~34sec LL7)
2AFIR Ok R, Fig. 15 CRTRIFRHARSELET
w5, ’ R

(i) BABFEEORZE o

Mixer 5 D. M. Converter 23 A3 % BRIAEE:
s, S L S EFESFRICEAT 5 . AB O BiR
B3, COEPEZIEERATKRELRBEAITOVTT
BB, EIERADEELZ SMCT S T LI TN
CRBEETHS. CORDBERKATSE 2 ZES 10
mm iz oW, AROHREREZfTRD. 2iZL, IE
HERE) Y 4 2 v ROKIEISEIE 3°2~3"4sec THB.
Fig. 15 (B ~/34 K 0°75% Whn), R XO- Fig. 16
(=84 K 1°0% ¥RID CERERT. BiKs5s 15

-

T T
oo5 |- | - CaCy 0.75.% 100
O .
- (e} |
3
g 9
o 8o
g 004 P N
~ J 7
) Y <
3 Y T ~ R in case of 'g
3 : . . e in ca ;
2003 - = coarg,%/e,fe slag off ] SO &
kS o——oDesulphurization e
efficiency(t=l0omm)| = o
-g o ~-—o-~Desulphurization 2
= ooz Z 1 velocity(t=I0mm) | 4. .g
S Z + = Thickness of slag N
2 ' on molten iron 2
3 S
s 2
5 g
w0 00! 20 QQ
. RS
' [
. L - O
© o} 4 6

2
Shaking time (min)

Fig. 15. Relation between slag thickness and desul-
phurization velocity or efficiency in 1578
mm¢ ladle.

Carbide addition is 0*75%.

N T
005 |- cacy 10 % 100
: )
-
I
= o4 80 5
g R
R ~
.
§ ) Range!in case of S
~ -— 2
g 003 ZZZ™ complete slag off. iy 60 K
- ooy Desulphuization '%
S efficiency(t=10mm) S
= o o DESUIDhUrIZAtiON : _§
.9‘:3 002 ‘ velocity (t=I0mm) | 40 5§
[S) : t » Thickness of R
8 <
slag on molten 3
5 iron . s
s g 3
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S o o 8
g oo Z%% Q
| [é%%%y é%%% |
0 : | I 0

0 2 4 6

Shaking time (min)*
Fig. 16. Relation between slag thickness and desul—
o phurization velocity or efficiency in 1578

mm¢ ladle.
Carbide addition is 1°0%,.

Table 3. Chemicallcorynposition of pig iron before
and after desulphurization.- '

Chemical composition’ (%) -

C|Mn|Si|P | S |Cu,

Before | . . . . . ‘1o
" desulphurization 4°* 1410 7_40 48j0°174{0 0510_ 12
After . . . . . 1o
desulphurization 3°96[0*78|0°50|0° 177/0°005/0° 12.

T, 10mm EREOERAZ T VX EREX BREVD
DEFZLND. : 7

(V) BERRAER & B S DL

BB Lo T S LIS OB T Z a3 i v

2EE (1) WFTId7as, 12t D. M. Converter

CERWTH—/NA F 1°0% 0, Smin FEEIREROELE
LR (18 BOFE) 255 % Tk Table 3 Wik

9.

3. EmMOBHRLZOEEEHE

FIR O A ESRRE R~ D, 12t D. M. Converter
R HEHEELL T, ROE 122mm, HiEEK 60

r.p.m, WEIRIENEESY 4 2oV (l4sec JBE, 3°2~3°4.

sec {Rik) HBETIE, & —/N4 K1 %LT ORI
X0, #Ed TE (2~3min) T S <0°010% DIEFHEL
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Reversible Shaking Ladle (D;. M. ‘Convertér) X 2 BRSO iR X U‘f{&%ﬁﬁ@%&iﬁ' 129

MAHSBOND Z 2B Sk ko, EIFEHED
L TR RER S ARTASI R T 5 . LA WEETH D
5, Lo D 5F & O&PHEC X D Bk S - RHE o
HWEREL AHEIh, O, FOTHERAY v b2
TEBSIN DO, TEMNURD TEELPRELSD
DEEZLND. TOHMPDY & REX DB
=5 SEOERFAEZENL TEEARICH L. =KL
;_Tm;h%®¢,SMwM%%%&?%R@ﬁn%
LIFIHET 5.

- 31 EFmREOBRS

900~ 1000°C I B 1 T8 & {75 2 7= 12tD.M. Conver-
ter ICHFLC Mixer ¥8E 9t WL 12t 2BEAL,
FaiEts, Table 2 IRYH —N4 F& 90kg 7\ L 120
kg (1°0%) ¥RINL T LROBEEHEMT T 4~5min
RABBRALTR % 1575 D7 KBRS % 900~1000°C I BT
BRI ORIBRIC A DEEEAL, Che 3EMREL
tﬂﬁ¢@ﬁ%mﬁi®ﬁ~h4F&%méb%ﬁ&,
FiEE% L. D. P (AHAR 30t ICEAL TR#EZ
‘ﬁ?‘;“)f:.‘D. M. Converter IZ X > TR L 72BHEOA
IERER D S 1207 002~0°009% T & 7-%%, L. D. fZfELk
AERTOEERIAELER D S 13 0°002~0°008% T &H-Di-
TaEREED S OIS HEIL, WEM & U TERA
25 o PERFCER L, 2ICEELTERLT
0*007~0"009% Cik¥ 272, Zh b4 charge DIEHR
SMs50 #fodrh, 2charge & ZhiCxt s T58BF S (BB
BEA T T) O HEASMEOM 2 charge DI

WHE S X ORRED BDF = » & D&HFE(Top, Middle,

Bottom O ¥fFE) & Table 4 iR3$. Ch. No. 1 kX
T No.2 IZ3s1F % BBiLEE DU SR S 13 F-#7T0°003
Y% BI0°007% TH Y, ERIFEAENOBMRASD
DS, 0°005% I XX 0°008% THoiz.
m%ﬁ?mf4t5$ﬂféb slabbing %%,

Table 4. Ladle and check analysis of low and normal sulphur steels.

19 mm $RIC, RIEFR— ﬁ’%ﬁif stralght rolhng %ﬁf;

- Dz,

;haﬁfzaﬁﬂfﬁ@}}:hiiﬁ;o\ 870°C X 3/4hr 72
BB OSIERERESE (Top, Middle, Bottom 35 £ 7
2 ~ 3 EFTORBLOFISE) 13 Table5 KR T &%
DTHD, TNBIEDONWT 3.2 HITOR % HEWED
kst T orz.

3-2 EFmMOBEMEE

EBRESR (SM50) 12\ T ﬂ%bﬂ%%EGOVTﬁ
ETHEDTOEY TH 5.

3-2-1 JEERBNEW _

BERRE T 52 210X 2T, Wb b ARNEDSIC
BALATER (AcR) PEADT 5 Z ERSRATREINS.
L OREYP LT 57D IERE DEE (JIS G 0555)
B IO v REESWTETo7. 5% Table 6
R

Table 6 ICBIS o8 X 5 LB EDNE, K5
ETBZ LXK DTEERD 1/3 DTERAL Tnw5b.

TR REEMENIC AL RE A REB BT S

BHEETDD, dAy B—ISOSEETERVDT, A
RICHEY T 5 Si0: 2EBELSIT LR, BRI BE
MEITIEE A EERRNDT, ARNEDORIIIHIL
WRATEN OB TERT 5D O LR TES. R
IEcBEEL C, 27 7R IGRES>WTYH VT 7 —
7Y v b OB ERTROICHERIE, S OEAEZEHELMIK
RLT05, YRMEOEE, SoORLOLDITIIE
DED BTt

%, BREIVCHRNEN O\ CIHEEELIC X
5EBIRD DI DIz.

3-2:2 GIREIME

FEIEEE, bl (OELEE, o7 boR
£, BXCEANERLUREBCRTSY v v~ V

(SM50)

loh. No.| ¢ | Mn si

P S Cu |Sol. Al [tnsol AL[P/4 B
. - o
, | Ladle | 017 | 1-39 | 0°35 | 0014 | 07008 | 011 | 0:02 g
Low sulphur Check | 0°17 | 1°49 | 033 | 0-015| 0%007 | O<11 | 0°022| 0°004
teel .
stee’s , |Ladle | 0v17 | 1-41 | 0-34 | 07020 | 0009 | 0%14 | 0°03 (5
Check | 016 | 1°50 | 034 | o0-017 | 0-008 | 0+14 | 07030 | 0°004
: v 5 |Ladie | 017 | 135 | 0'39 | 07013 01023 | 018 | 0°03
Normal Check | 0°18 | 146 | 0°40 | 0-016| 0022 | 0°18 | 0°027 | 07004
sulphur ~ : ;
steels 4 | Ladle 0°15 1439 033 0'019 | 0°021L | 0O-12 0°02
- Check | 0715 | 1-44 | 0°34 | 0°019| 07020 | 0°13 | 0032 | 0°004"

* A: Weight of molten steelmaking pxg iron desulphurzzed

B: Welght of steel scrap used.
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Table 5. - Tensile properties. (average value)
| Heat Sarhplih g Tensile properties _
Ch. No. - ‘ : : " Elongation
; . . Teunsile strength Yield strength §
treatment direction kg /mm? " kg/ mm? (G.L.: /jOO mm)
As - Lengthwise | 57°6 37°4 279
rolled Crosswise 57*3 37°1 - 26°8
1 . .
Low As . Lengthwise 57°1 40°4 30°2
sulphur normalized | Crosswise 57°2 40°0 297
steels As Lengthwise 56°5 374 28°7
‘ rolled Crosswise. 56°5 36°9 27°2
As Lengthwise 55°7 38°0 30°1
normalized | Crosswise 554 37°9 28°8
‘As Lengthwise 56°6 33°1 28°8
rolled Crosswire . - 56°6 334 25°5
N 1 As ~Lengthwise 56°3 378 28°9
s horral normalized | Crosswise 561 37°7 255
sulphur . i ' —
steels As Lengthwise 544 34°4 29°5
o - rolled - | Crosswise 54°4 35°3 27°0
4 — v
As Lengthwise 538 371 316"
normalized | Crosswise 539 37°4 27°0
Table 6. Non-metallic inclusions determined.
: R d Agox 400 : S . SiO .
Ch. No. |Sampling ) ' d Beoxsoo | d Cooxaon | d 60xa00 wt.a/i Remarks
d A]_ d Az ’ i
Top ' - 0°015 | 0°006 0006 0°023 0050 — n=2
Middle 0*007 0006 0°002 0°075 0°090 0°0008 - 7
i Bottom' 0*019 0°*004 - 0°002 0031 0°056 0*0006 U
- Low : —— : —
sulphur Average -| 0°014 | 0%005 07003 07043 | 07065 | 070007 n=6
steels Top 0°o11 0°006 07002 | 0-058 0°077 — n=2
| Middie -~ 0°025 0°004 0°002 07036 - 0067 0°0014 4
2 Bottom 0°002 0°006 0°006 0°015 0°029 0°0008 7
Average i O"Ov13 0°005 0°003 0°036 0°058 I 0°0011 n =6
Top — — — — — — —
. Middle 0°067 0°006 0°002 0°046 0-121 0°0015 n=2
3 Bottom 0°032 0°002 0°002 0°027 0°064 0°0012 4
Normal Average | 0050 0°004 0°002 0°037 ! 07093 | 0°0014 n=4
sulphur - ‘  - - .
steels Top . 0°038 0°010 0°004 0°063 | -0°115- — n=2
- : Middle 0°042 0008 6+002 - 0°060 0°112 0-0015 7
4 . | Bottom 0°053 0°010 0002 0°033 0°098 0°0008 4
Average | 0°044 | 0°009 0°003 0°052 ‘ 0°108 | 0-0012 n=6

J v FERRBRR AT RO EIEE £ TR, FEEHD

BRI ONCT D EIET E 0T,

P

o

Y

N

CRKTU CEREREL S LA oBe1d, &
UL OV~ ORFHE B RS FEEEREE X D B X Dotk
ENTWBR, SIELUT ORFRIREHIF I 5\ TEIXR -

SH0EEPD, Sl (20°C) DLEORE I 513 5%
L ROUE — E I3 L ORIFMEE R S Ik & <
CEINTVER, FEUTORECEVTS&FEOY
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8

‘L 35 T - T - | 35 7 p—
N Ch.No. Longitudinal Transverse b ) 07' 0. Lmq_’:”__d’"a’ Transverse
Low S steel { é f = o Low S stéel { 2 o —‘—_'__
. . B 3 R —a--
— 3 ——tmm —a - * Normal S steel . g
’“V NE 301:- Normal S steel {4 : | o A ’ = 30 {4 — ’ -g
—e—o . -
|E 0/1 \E °
4 » \
~ - [ P
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[0
3 o : 3 s U 2
> / S : ! //,':————“- o !
- s +20 : i
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< /Iy, | < , T /l
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o Fig. 18. Charpy V-notch impact. properties of low. ~ Testing Ifempf ature ()

& and normal sulphur steels normalized at Fig. 20. Charpy V-notch impact properties of low
_900°C'X 3/4hr. . o ’ and normal sulphur steels, water quenched

) B ' ' from 9C0°C X 1/2hr and tempered at 650

< : ‘ % ; °oCxthr. A. C. without homogenizin,

BIMEA S BB SN TV B, B & LIREE (R IR genizing

13—58) WEX2oTHEPDE NS 870°C X3/4hr2z » _
Bl Lot 900°C x3/4hr Z2dth o BRER & RiL, B, ' :
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Fig. 21. Charpy V-notch impact properties of low

‘and normal sulphur steels, water quenched
from 900°C X 1/2hr and tempered at 650

°Cx1hr A. C. after homogemzlng of 1100
°CX thr A C. )
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Fig. 17 WHB LT, WIREIKEESEL <KESH,
BOEPEELT21EE low S OFREBEL {5z
EERLTVS.
COREBECHALPCT B0, EEMELOEE,
d BV ITERILREE, BANERL 270k, B8
ARELE LTI, TR E RS, 1100°C X 1hr 288 %4
I, AR 900°C X 1/2hr 7k (20~30°C 7k & v
U HRTEEE), BER LI 650°C X lhr 224 w4507,
BRLLEEE Li-ak Fig. 20 K, F728HE(L
SLEA T o I A% Fig. 21 Rt NI S
T <, BRmAEEL RRTESEEL T538
mWS@%%@%L<&é L, BIUOEANEREL
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Heot  freatment.
Heat treatment and micro-structure improvement.
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(homogenizing treatment is very effective) X100 (1/3)
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Photo. 2. Bend test results of low and normal sulphur steéls.,‘(b:,ent flat on itself)
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‘Photo. 3. ‘Upset fest results of low and normal sulphur steels between room temperature
and 1200°C. ' '
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Fig. 24. High temperature tension test results of
low and normal sulphur steels.
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