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On the Morphology of Non-metallic Inclusions and the
Machinability of Calcium Deoxidized Steel

Akira KOYANAGL, Takashi SAKAJG, and Toru KARAsSUDANI

Synopsis:

Okxide inclusions in Ca-Si deoxydized steel were changed as;
A, (Silicate) — Bj(discontinious silicate) — C(globular oxide)

d

{Al addition — B(clustered Alumina) + C (globular oxide)}

(0-35~0"8 kg /t)

depending on the oxygen content before deoxydation process.

From the X-ray microprobe analysis, it was found that A; type inclusion had more then 55% SiO,,
B, type inclusion had 45~559% SiO, and C type inclusion had up to 409% SiO,.

Drillability and high speed tool life were improved by sulfur addition.

Effects of oxide inclusion on the carbide tool life were examined.

Crater wear of carbide tool were improved by A, type oxide.

When oxide inclusion changed to

A;—B,—»C—B type, frank wear of carbide tool with high cutting speed were improved in the order.
(Received Apr. 3, 1971)
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Photo. 1. Microphotograph of non metallic inclusions in group 1 steels
(Deoxydized by CaSi 4~5kg/t).
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Photo. 2. Microphotograph of non metallic inclusions in group 2, 3 steels.
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Photo. 3. Change of oxide inclusion with air-oxidation process in El, E2 sample.
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Fig. 1. Variation of inclusion count with sulfur
content in group 2, 3 steels.
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Fig. 3. Variation of oxide (B,C type) inclusion
count with sulfur content in group 2, 3
steels.
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Fig. 4. Variation of oxide (B, C type)/total in-
‘ " clusion count ratio (%) with sulfur con-
tent in group 2, 3 steels.

BERpiC R L7 3 H223 waohs A, Bt
thd ALO; EFEIT 14% BB THH RKED SiO,,
MnO i Eh, CaO i1x 4% L O o7 (MnO
249, 13 CaO i Fig. 5 WiRLt). —F, H

236, H235 iwh 505 By M, CHEE{LHFOALOE
v 40% Fitk &< % h MnO b 0 iz CaO 23,
Bots DS s, U CRIBRRERIEM R ST L 72 E
T AlOy M 50% & X Bic LA L, SiO: &%
Hibk 16% % THT L7o. H224, H227, E2 oty
13 AlOg, CaO%EM4r L L, SIO; &HEIITIEY o

~

SiO,

1 S QPY o

Photo. 41713 H235 shizilw s s C BEkkis{tiy
FLO-E2 iz bh 5 AT Lo E X Bifs
A U7 CRIERIKEMEM O F o 0 IIIBIEmANIE § D
THD, THIC XD THGRRIC IR TH T~ & Jth
PHEBEHTLESADDLELHNS.

B2 s b A WAL B ke et b
HZATWEBD, "TOMKE LT MnS &/ o1 ~I12
%@ CaS MR xhr-. )

BiRERTASHOREF % E2 X0 I HIm{E< LAV
~V3 i owTEL I X O b oAk & sked 2.
EfGR % Table 1 wRT.

chiZX B, VI,

V2 OERLIRER 237 — Lo A
b (Gehlenite) ITEVERESE O b DI LDl —T, Bt

bz & & @ Photo. 1 ITRLIXDITIT LA FLTRE
TERIKCHEELTE D, FOEMKSS MnS 25 CaS
WERT2BERB8AD NI, 7tk MnS & CaS i3
(Mn, Ca) S, 7 3LRMBHRTHEEL TV
OB GIMP I i Ca BT L DOT
SELIHEBEENT, BokEED Ca 2SS LR L
7o EFE z bt
3.2 mmﬁ
3.2-1 ZEILfkde X UNEHELSH 54 Mz X ATEHR
ik

R , o
NQ 3410;25i0: :
N ! : : -

\ 20 H227

wt %

20 30 3c;ao-mzo3 2Ca0-7A1L0;
Cad

RS .
120. ‘#fb .@ 2 q‘,&
-A1,0; A ,r‘
i L h2ea

. Fig. 5. Composition and precipitation pattern of oxide inclusions in group 2, 3 steels.
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Ca.Ka:. :
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Al Ke
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Photo. 4. Characteristic X~ -ray image of oxide of oxide}inclusion in H235 sample
and sulfide inclusionbin™E2:sample.

Table 2. Chemical composition of oxide and sulfide inclusions in VI~V3 series (%).

Oxide l " Sulfide
Sample : : S Mn
CaO ALO, SiO, \ MnS | CaS MnS/CaS
V-l 56 49 ' 82 18 . 4-55 0-035 0-90
V-2 38 44 22 78 0-28. | . 0035 0-82
V-3 — 98 ! 13 87 014 - 0°045 0°61
X - . ! | :
Table 3. Drillability.
E3 " H223 H224 H227
S (%) 0:025 -0-063 0-063 0-045
Sol Al(%) 0-044 0-009 0029 0-024
JA 0044 0-253 0-213 0-152
OB _ 0-007 . 0-006 0-029 0-009
ac - 0-007 0-004 0-011 0-054
Oside - ALO, ‘MnO- SlOo—A1203 ca0| . ALO, CaO-AlL0;-SiO,
HB 143 : 149 143 163
Id 84 . . 7-9 : 75 : 88
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Driliability fd (sec)
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0 002 004 006 008
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6. Relation between sulfur content and
drillability.
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Tool life (min)

Fig. 7. V-T curves of SCM2] and SCM21 + S+ Ca.

1 T ’
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Depth of cut I'Smm

H224
80 ]

/

70 *H227

60 ] — 1 [
Qo 002 004 006 008

Sulfur content (%)

8. Relation between sulfure content and
machinability.
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