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Study on CaS-Dispersed Steel Produced by Spray-Dispersion Method

Masayoshi Hasecawa, Kazuhiko TAKESHITA,

Junichi Fukumi, and Koji Sassa

Synopsis: An investigation has been made to make clear the condition for making a fine and homogeneous
distribution of sulfide particles in steel which was made by Spray—Dispersion Method. Tensile properties
of these steels have also been studied.

The results obtained are summarised as follows;

1) A homogenious distribution of fine sulfide particles is made by the addition of Zr or Ce (named dis—
tribution controlling element) in steel which has large standard free energies of sulfides formation (—AG®).

2) Mean particle diameter decreases with an increase of Zr or Ce content in steel and fine sulfide particles
of less than 800 A are dispersed in 0.5 at pct zirconium-steel or 0.5 at pct rare earth—steel.

3) Tensile strength and 0.29, proof stess of steel increase with the volume fraction of fine dispersed par—
ticles of less than 800 A.

4) CaS-dispersed steels show larger work—hardening properties and elongation in tensile test than those

of oxide—dispersed ones.
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Table 1. Chemical composition of specimen and
mean diameter and volume fraction of
dispersed sulfide particles.

Zr content

(at%)
1.0 720—770

Mean Volume [Planar interpa-
diameter (A) [fraction(9)|rticle spacing(s)

0—0.78 >0.59

C:0.24, Si:0.23, Mn:0.46, P:0.012, S:0.017 (%)

Homogeneity of dispersed sulfide particles in 1.0 at9, Zr steel ingot.
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Fig. 1. Effects of the elements in steel on the
distribution of sulfide particles.
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Fig. 2. Effect of niobium on the distribution of
ZrO, particles in steel.
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Photo. 2. Effect of controlling element on the distribution of sulfide particles

in steel.
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Fig. 3. Relations between mean diameter, (D),
volume fraction, (f), interparticle spac-
ing, (1) and standard free energy of
sulfide formation (at 1500°C) of the
element in steel. :
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Fig. 4. Change in the distribution of sulfide
particles with zirconium content in steel.
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Photo. 3. Change in the distribution of sulfide particles with zirconium content in steel.
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Photo. 5. Effect of hot Working on sulfide particle morphology in 1.0at%, Zr steel.

o
£
E
o
=
0
0 £20.78% A=059p
@ — o CaS-dispersed
= :D=760A  £2045% A=082) |gteel
n 20k (3) : D=770A  £=0.40% A=0.88y
(4) : nondispersed steel (10at%Zr steel)
10 (5) : ZrO: dispersed steel {1.0atNb)
0=800A £=0.80% A=065p
1 1 1 1
0 10 20 30 40

Strain (%)

Fig. 8. Effects of dispersed particles on stress-
strain curves of steels. .
D : mean diameter, f: volume fraction,
A : mean interparticle spacing

CEOIRIT 5 &, KERS 5% LTl T
W5,
3.5 CaS FHEMDBIRME

AT E TICEBWT, MASHIET XD CaS #HREE
TSR L7 R Bl T E & LT Zr, R.E.
RIEM LI & &, TR T4A% 800 A, Pl RpEHE
0.8y DT ol—458RT»Eohie. Zh s o
DB EERMDOIER 2> 5 AT, SMOBIREIEE 2 W
LB FGRIETEL EEFEZLND.

X ZCAEITIE 1.0aty, Zr 2 4EHEmE s L, H
SAEERIT X D VER L7z CaS 8RO RIRE REME I
DWTHRET Lc. HERAZE 25 0EHEZ RS

80
/o,
o 60F 00
£
£ tensile strength
O 4
X
< 40r 02°% proof strength
g A,A——"A/A— :\:
@ A'/,/A/ ~
= . c
n T\ 40 2
20r o—of_ o o
| s)
{ elongation 30 §
ui
1 1 1. 1
0 02 04 06 08 10

Volume fraction (%)

Fig. 9. Effect of volume fraction of sulfide
particles on tensile properties of steels.

72 (<3.2g/s). ZOHIFD BHEHEHT 1.0at%Zr O
SEHETREEA VS A, 302, 33 & X0 i
FRIEFF-EHEEZTRTENTRITE, RERTIL,
750 A FifglER R L

N & LT ORI LI — i BT £ D R L
OB R c B FERE USR5 ESMEE D
TWBW. 72 TEFRRFHC R T L OB T
X AR LIz oW T I/ HE R, Photo. SR L

72Ek0, BREMTICX S FRED Z(T L bnkrD

— 133 —



2232 % & W

W 64 4 (1978) w142

7z,

Fig. 8 kiR 4 2L X # Mo REN LG H-0F
HERRE TR, DX VS LXK S ITREROEInCiE
DT, BIIEIAX, BILU0.2% ithik s dicEmLTwy
5. Fig. 9 wRfFR L 5RM S, 0.29% M, Lo
RO & DRARZ TR Uichs, 0.78volo,CaS SyEism s [3E
MEUX 63.2kg/mm? r 7o b, IEHEEHD 48.0 kg/
mm? T[T 15.2 kg/ mm? #EfpLC\w5b. F7- 0.2
%Mt H D 28.0 kg/ mm? 5 33.7 kg/mm? & 5.7 kg
/mm? HEinLTw5. FERMEICDWT ZrO, Z5HER
L, T % LAEEBOHEINC & b7 S OEImTIE

—o—\ \
\T—=°
— 4
——
O‘o\Q\ A
\o\‘

CaS-dispersed
steel

(kg/mm?)
(¢))
o
i

UurTs
7

High tensile
strength steel

40

{

0

10

1
20

1
30

40

50

LA EEBIRD NI, SRR ofihmE ZrO,
SEERMOSEE X D 3F Lo/, 2hix CaS S8
B5E, MIBEBARE VW 2ICEELTWS. Fo{En
IEATEROMINCIE > CHE TR T T2 AT D 553, #
DETOEIGE/NEL, WFhd 30% Dl EoEvwEs
WLTW%. Fig. 10 1z CaS SEUEROFO & 53Rk X
DERER L, S TERND & OB 2177
D, MEX VLKL S ICRECHEIMCH T A HRD
ETRBD LN 523, CaS SEEHOMUDET T 5414
WXER NI OMEE D AN DR T T 2 E 4 &
BERBE L LTS,

Photo. 6 IZ[FRREDHHEIREED ZrO, sEiiHE CaS
SESROBEED BRI AR T, Wb T 4 P VEEE %
RLTWEH, CaSHEEND L7 « o PV DERKE
s Foa UPNVEEE ZrOy ZFEAOK 1/2 BIF LN

n
o
f

/
_o
| Qo
/O

-
-—
—

—:c' aluculated from
¢ = o,+Gb/A

N
o
¥

0.2% proof stress (kg/mm?2)
w
(@]

1
0 1 2

TIA (1)

11. Relation between planar

Elongation ()

Fig. 10. Relations between UTS and elongation Fig. interparticle

of sulfide dispersed steels and ordinary
high tensile strength steels.

spacing, 42 (u), of sulfide particles and
0.29;, proof stress of steel.

ispersed steel

2-disp o b a
D=800A, f=0.80% D=720A, f=0.78%
Photo, 6. Fractographs of ZrO,-dispersed steel and CaS-dispersed steels.

— 134 —




Wi X 5 CaS S ERICET TR

2233

X, 2z EXhF 4 vINVERICES TS Cas 23
7ZrO, X 0 /Bl &p3bnb. LI OSE,
< kY o r2ED D BEL, FERERHCAE
TOHEERE LI Wit EtFEZ2bhE. X LT, 0D
TR EWHIITE LA R LIz b D EHEINS.
SEi 0.2% oW 1/2(2 : Pk T-HEEHE)
L OBURIC DWW T IR, Fig. 11 WRLEX K
Lm0 L RRCERBRIRD L. 2oL
X b 0.29 fiiHotEhnz OrowaN @ by-pass HEREIC
IDoTHEUTVWELDEFEZLNS.

4. 1 B

CaS ¥k & W4t o3 Ekic X 0 A Rh ORI Lz &
X DISE T OSEIRAE, B X CaS SEEHOT5RE
BzonThHRE Lk, Tito 2 &3 L.

1) Ebodé & R F i3 —aa LT
W5B T EDBE LD ZHIRSER TS AT B
5T &, BIXOEMOGBREESIKEVWT LIGERT S
LDEEZOND.

2) BAtWE SECE L LiEs, WEIRTICER LA ik
MR OB NTEEZ TN L Tk < LIRS ER 7235 50
7298, AFEERICE VT b RROERIC X D Ml w8 E
U5z LA L. T7abb, R.E, Zr g EOFIL
Yprk AR DK X WICE R RN L SR TR BoR 03
Boh, RIS EREOEHE, Zh b OIS 5HEE
MTEE LTENTH D E¥bDork.

3) =i Ti, Zr, R.E. 28 H e Lo
L, OB 51T LZzdd> CHBith 70 ¥
FrFEIEA L, CaS RO EHEN 1.6g/s O
&, 1.0at%, OLHEHRIFEITE ORI THERF DML
VEEAD Lo, S S ICH b BB Ok & \WIGHE R SR
HIEITTEE & LTI L & &3 &0 ER T OB LI B
2rfTT 5. £ LT, R.E.1.0at% {®nTdoL %
BT S BOR 2B b, TR TR 560 A, Pighr
F-REEEEE 0.6 p AT IS ETRT T % 2 & 23R Uik,
B OHEERILDE SHEE LItk EX0D, XD —
NS WVETHS.

4) CaS RO ELZ 1.6g/s »»5 3.2g/s &2
T L, IOIEHBEIETRZETZECLD, Hifls

HURFE TR LR IE S L EBNARE L DT, Tk
bt 1.0at%Zr FhC 3\ S8k o e h &
25 800 A CARREERMAI 1% ELETRER L. UL
BRI DA & N THRBERINE £, IR
RBOMEOHENRKESBET D L8bhrDI,

5) CaSZrERos EEME I > WTHNHR, Bk
MBI & 0 TR LA R S vz ENIE Lie. 77k
bhEEROEICEES 0.29 it o, ZrO, 4
OB L £ R S0, FIRRI Dl
v ZrO, X 0 & KE W T L RbhDTe.

RS HBOMERFEELTIE, = ) v 2 ABEXT
FREOEBRZ TS & & biT, Wit b b i’
X WL E S EE & LS Eeat G &g OV
TOMEELZE 2 T\ 5b.

K0 AT O—IE, CMARENAE, SXOF
WH AR EREN R RBIC X ooz 2L, #
BeRT5.

X [

1) EANER, WT—E: gkeM, 62 (1976),
p- 201

2) ER/RINERE, TT—E:
p- 294

3) EBINERE, MT—7
(1976), p. 462

4) ER/NESR, MTF—E: BREFRRESE 123X
E4&Wigmes, 18-2 p. 201

5) N. A. VaroLin: The Fifth Japan-USSR Joint
Symposium (1975) p. 139

6) £FFk, BRED, EEHE: HEELEB¥EH
27 (1963) p. 299

7) J. F. Erriorr and M. GrEisER: Thermoche-
mistry for steel making Vol. 2, (1960) p. 241
[Addison-Wesley, Mass.]

8) mwE#E, HAkE—, REES, =4AKRME:
2k L4, 61 (1975), 13, p. 2784

9) mE#E, HRE—, REEEH, =4AKRRE:
#k 2 4W, 63 (1977), 6, p. 943

10) E/IIER, WT—E: BE&BE¥a5, 42
(1978), 3

11) /MgEHR: £ L, 61 (1975), p. 2998

12) BENmES (1963) BAEENS, RSB
REEBSH

& L, 63 (1977),

i\

HA&B¥ A&, 19

N

— 135 —



