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On the Deformation of Sulﬁdes in ngh Sulphur Steels
by Working and the Effect of Zr Addition.

Kosi Kato

Synopsis:

Experiments wefe performed to make clear the true nature of harmful effects of sulfides
on mechanical properties and workabmty etc. of high-sulphur steels such as S-type or S-Pb-
type free-cutting steels, and to solve these problems from the results. Various experimental
specimens were melted by an atmosphere- controlling high-frequency furnace, and then studies
were made on the morphology, deformation of sulfides by Workmg and the1r efféect for the

The résults obtained were as follows; (1) Excess Al or Siin steels elongated sulfides remar-
kably by working, and this tendency was found also on increase of Mn/S ratio in steel.

(2) There was a large difference between the toughness in the length and breadth direction
in such materials, and the toughness in the breadth direction was very inferior to the length
direction. (3) On the contrary, decrease of Mn/S ratio or existence of oxygen in steel
restrained the elongation of sulfide due to working. (In this case, MnS presumably dissolved
FeS or (Fe, Mn) O, or they existed together.) (4) However, the’ small Mn/S ratio materials
was liable to be cracked by hot working. The fact was ascribed to high-temperature brittle-

ness. (5) Each problem abovementioned could be solved by a displacement of part of the

Mn with the Zr.
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Table 1. Chemical composition of specimens. (%)
Specimen Qs ‘ : . Sol. Insol. Mn/S

No. C Si Mn | P S Cu Ni Cr Al Al o) ratio
623 | 0°02 | 0°02 tr. b‘OOZ 0°402 | 0°01 tr. tr. <0°002 <0*002 | .0°066 —_—
624 0°*01 | 0°02 0°38 0°002 0+398 | 0°01 | tr. tr. <0°002 <0002 | 0°053 0°+95
599 | 003 | 0°02:| 0°23 0°007 0*136 | 0°01 | ftr. tr. <0-002 <<0°002 | 0°0025 1469
630 0°03 | 0°02 178 0004 0708 | 0°01 | 002 tr. 044 <0*002 | 00032 2*51

625 001 | 0°02 147 0°002 0420 | 001 tr. tr. <0002 <0002 | 0°0131 3°50
651 0°*01 | 0°02 1°47 0°001 0°409 | 0*0t1 |. 002 tr. <0°002 <0002 |.0°0246 359
650 001 | 0°02 1°33 0°001 0°354 | 0*02 | 0°02 tr. <0°002 <0°002 | 0°0198 376
629 0°01 | 0°02 3°34 0°004 0°*500 | 0*01 | 0°03 | 0°06 <0002 ] <0°*002 | 0°0039 6°70
605 0*04 | 0*45 1°21. 0°009 0°134 fr. tr. ir. <0°002 <0°002 | 0*0040 9+03
602 0°04 | 0°03 138 0'008 0°137 tr tr tr. | <0002 <0°002 | 0*0060 | 10°07

Table 2. Figure of sulfides in steel ingots.
Specimen | Mn/S Figure of sulfides observed by Crystal structures Remarks

No. ratio an optical microscope - of sulfides e

1 . Sulfides appeared
623 mainly filmy on the grain boundary FeS
624 0°95 Filmy sulfides were broken, besides . .
599 1°69 | globular sulfides existed. ' FeS—kaMnSv '
' ,- Globular sulfides existed on the ;
625 3750 grain boundary and within the grain. aMnS—;—‘FeS

. Many globular sulfides existed on the

629» 6°70 grain boundary and Within the grain. a MaS(FeS)

. . Sulfides appeared globular and ' Al 0°5%
630 - 28l like a firework. “MnS+F eS added
605 9°03 : } Si 0'5% added
02 10°07 The same as No. 629 a MnS+-FeS —

650 7 F
pon 55 kthe same as No. 625 a MnS (FeS)

Remarks: The minor composition.is shown by ( =~ ).~
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Table 3. Change of Sulﬁdeé by forging »

(X-ray diffraction)
Specimen| Sulfides in Sulfides in forged

No. - ingots specimen

623 FeS FeS

624 FeS+ a MnS g‘g/éns (nearly equal)

625 | aMnS+FeS | aMnS+FeS

629 aMnS (FeS) aMnS(FeS)

630 aMnS+FeS aMnS

605 - aMnS+FeS aMnS+FeS -

650 aMnS(FeS) aMnS(FeS) -

651 aMnS(FeS) aMnS o
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Table 4. The ratio (length)/(width) .of' sulfides in ingots and forged specimens. ,’

, . o ’ ' v The mean L./W. ratio
Parameters SpelsIl men Mn/S 0% - 8i% Al %% ' .
. 0. ratio : ’ : ]
: Ingot As-forged
625 350 0°0131 — 1°36 324
?gﬁ?gs 629 - 6°70 00036 - — — 2470 4°11
! 602 . 10°07 ~ 0°0060 — — 1434 6°48
v 625 3°50 0+0131 — — 1°36 - 324
0% 650 3°76 0°0198. — — 1°40 2°72
651 3°59 0°0246 — — 1433 255
Si or 629 6°70 | 0°0036 — 2°70 © 4011
AL 7 630 2°51 0°0032 — © 044 2018 1471
> 605 9+03 070040 0°45 — 1+20 1032
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Table 5. The change in the ratio (length)/(width) of the sulfides by cold drawing.
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Table 6. Impact values for 7right angles & parallel to forging direction.
. ‘ ; ‘ Charpy test
Specimen Mn/S Al% Si% 0% Py
No. _ratio . * Impact value Hardness, B
kgm/cm? ’
: . . . P 6°4, 6°0 130, 132
720 3 ‘08 — 0°54 0°0031 R 2°5, 1°6 132, 134
' ae _ _ . . P 8°0, 7°7 107, 99
721 3°41 0*0027 R 22, 30 | 103, 103
722 3+15 0°34 — 00026 11; 1378 1?:2 ﬁg’ gg
Remarks: (*) P =Parallel to forging direction, R =Right angle to forging direction.
Table 7. Chemical composition (%) of specimens added with Zr.
. k . Zr
Specimen| ¢ Si | Mn| P s |lcu | Ni|cr | zA1 | Zzr | Mn/S | added
. : ' %
77U OC0Th 00T 151 O 002103387 ir. 00 (O]} 0003 0002 44T O
772 0°016 001 179 0°002 0°504 | tr. | 001} O°0Ot 0°003 0°004 355 03
773 0°011 0°01 1-58 0°002 0444 tr. tr. 0°02 | 0°013 014 356 04
774 0°*005 0°01 157 0°002 0+528 tr. tr. | 0°02 0°009 025 2°97 04
791 0011 0°02 149 0°002 0°338 tr. tr. 0°02 0°018 0°51 4°38 06
792 0°00% 0°03 1°59 0°002 0*615 tr. tr. 0°02 0°020 1°05 2°59 08
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Bz XX No. 771 OFRAk Fig. 7. The sulfides in forged specimens added with Zr. X540 (2/3)
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Fig. 8. Xray diffraction of sulfides in the specimens

added with Zr.
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Table 8. The ratio of 'length to‘ width of the sulfides in steels added with Zr.

) L’/W? % of (length)/(width) ratio of sulfides
Specimen. —

No. 1 rr1~5 5*1~10 10*1~20 20°1~30 Mean value

771 Ingot 325 65°0 2°5 — 2°14

Forged 20°3 6840 9°6 1°2 0°9 3°03

779 Ingot 211 62°2 154 1°3 3°12

. Forged 13 60°2 19+9 4-7 1°3 4*17

773 Ingot 23°5 7548 07 — — 2418

e Forged 29°3 67°0 32 0°5 228

774' Ingot 297 64°5 58 — 234

» Forged 13*3 83°0 37 — — 2+49

791 Ingot 13+7 854 0°9 — '1°53

Forged 135 86°5 — _— — 17

Con Ingot 293 68°7 1°5 — — 1°50

Forged 204 796 —_ — — ' 1*61

Table 9. Impact values for right angles & parallél to forging direction in éteel‘s added with Zr.

Sﬂpelt\;limen ‘Mn/S Zr% Cl}ar-py test
NO. E % Impact value '
: kegm/cm? Hardness, B
: . X P 15°4  13°8 92:0, 99°2
771 447 07002 R "33 343 95°5,  94+1
. ) P 10°9 102 92:0, 9i*3
7z 3155 07004 R 30 29 92°0, 913
773 356 014 P 68 70 112, 115
773 R 26 2% 116 , 116
m | em | es |} | W % | 83
. . P 16°2 160 78°0,  78°1
21 4738 0°51 R 100" 11°0 802, 760
. . P 15°6 1679 80°0,  80°0
792 2759 105 R 10°9 11°1 80°1, 780
A 392 P 180  16°8 11, 108
- - R 46 4°3 107 , 107
) P 1344 14°5 | 117, 117
9180 3197 - R 32 39 16, 111

Remarks: (*) P=Parallel to forging directlon, R=Right angle to forging direction
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High-Temperature Ductility and Morphology of Aluminum
Nitride in Medium-Carbon Steel.

(Study on aluminum nitride in steel—II)

- Synopsis:

Shigeo HASEBE

The effect of aluminum nitride (AIN) precipitates on the high-temperature ductility of
medium-carbon steel was investigated. Small tensile test pieces (Fig. 1) were made from the -

steels containing different amounts of alumin

drawn at 500~1000°C.

um and nitrogen (Table 1 and 2), and were

At first, tensile test pieces were made from the 50kg ingots as cast and were drawn:

without preheat-treatment.

1) The high-temperature ductility of medium-carbon steels as cast was decreased extre-
mely by the addition of aluminum (Fig. 2 and 3). The steel containing about 0°05% acid-
soluble aluminum had the lowest ductility, which was reduced from half to one-fourth of
the ductility of the steel containing no aluminum. This phenomenon seemed to be on account
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