2182 - ek xR £ 504 (1964) ES13F

Fe Sﬁ&dﬂ‘@“% Mn, Al Ti, Zr, V,Nb, Cr oz
GAPRET IS SHI%E—) |
H Ok 8 BYewm B OB S

Effects of Mn, Al, Ti, Zr, V, Nb and Cr on Fe-S System.
(Study on sulphide inclusions in steel—I) "'%

" Toyosuke T ANOUE and Takami IkEDA

Synops1s

Most part of sulfur in steel precipitates as sulﬁde inclusions and 1t has remarkable effects:
on the various properties of steel. : ‘

“In order to reveal the éffects of Mn, Al, Ti, Zr, V, Nb and Cr -addition upon steel which.

- contains up to 0°30%S, .authors studied the crystal structures, the optical properties, the dis—
o tr1but1on, the etchmg behavior and the hot deformation characteristics of sulfide 1nc1us1ons- .
m ‘steels contamlng one of those alloymg elements

. The results are as follows: ' »

(1) The formation of FeS, a- MnS TiS, Zr;Ss or ZrS;, VS, CbS and ““CrS’” was respe---
ct1vely observed and alummum sulfide considered to be Alea, was observed.

(2) The crystal structure of sulfide inclusions was closely connected with their opt1ca1.

- anisotropy. TiS, CbS and *“CrS” were strongly anisotropic.
~...(38) /The etchlng behavwrs of sulfide inclusions were different from one another. TiS,

‘VS NbS and “CrS” Were ‘not chemlcally attacked by 20% HF X 10min etching.

(4)- a—MnS “CrS” and sulfide in Al-added steel were deformed during hot-working. TiS,
Zr3S4, ZrSz and VS, however, showed no deformation. Fe-S steel and Nb-added steel were -
not forgeable - , ; o (Received 27 Feb. 1964)
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Fig. 1. Position of specimens.

Table 1. Chemical composition of metals. - -

Sample Added ‘ Metal analysis  (wt. 2%) - ?lgfr?ednt/s
g No. |element . I Added ’ :
8, . iOs mole ratio
- ) C | Si |Mn| P | s | Added] N j Si0; | ALOs |( io)
235 0*03 | 0°30 | 0*0! | 0°004| 0°037 — 0*0165 | 0*0055 | 0°0246 | Tr =
237 0°03 | 0°32 | 0*01 | 0°004| 0°080 — 0°0172 | 0°0057 | 0*0132 | Tr —
238 0+03 | 0°30 | 0°01 | 0*004| 0°209 — 0°0186*| 0*0058 | 0°0175 | 0*0001 —
202 | | 0°03 | 0°28 | 0°56 | 0°002| 0°030 — 0*0250% 00058 | 0°0254 — 10°9
203 Mn 0°03 | 0°33 | 1*54 | 0°002| 0°091 — 0+0155 | 0°0056 | 0°0047 | 0*0002 9*9
205 0°03 | 0°34 | 4*66 | 0°003| 0°254 — 0°0094 | 0*0034 | 0*0004 | 0*0001 10°7
206 .| 0°03 | 0°31 | 0°03 | 0°003} 0°033| A10*049 | 0*0090 | 0*0034 | 0°0005 | 0*0111 1°8
208 0°04 | 0°27 | 0°02 | 0°003] 0*105| A1 0°081 | 0*0097 | 0*0042 | 0°0007 | 0*0113 0°9
209 0°03 | 0°28 | 0°01-{ 0°002| 0°250| Al 0°280 | 0°0089% 0°0034 | 0°0007 | 0*0048" 13
— Al .
447 0°01 | 0*21 | 0°02 | 0°004| 0°027| A10°*35 | 0°0068 | 0°0059 | 0°0002 | 00075 15°4
453 0°02 | 0°21 | 0°03 | 0°004] 0°074] A11°09 | 0°0083 | 0°0061 | 0°0019 | 0*0113 17°5
456 0°03 | 0°28 | 0°03 | 0°004] 0°182] A13°51 | 0*0065% G°0056 | 0°0006 | 0*0041 22°8
210 0°03 | 0*30 | 0°02 | 0°004| 0°028| Ti 0°20 | 0°0069% 0°0050 | 0°0012 — . © 478
211 Ti 0°03 | 0*29 | 0°01 | 0°004| 0°102| Ti 0°78 | 0°0068 | 0*0056 | 0*0022 — 51
212 0°03 | 0°36 | 003 | 0*003| 0°264| Ti 2°40 | 0°0059 | 0*0066 |.0°0018 | 0*0001 6°1
213 : 0°03 | 0*39 | 0*01 | 0°003| 0°040| Zr 0°24 | 0°0087* 0°*C082 — — 21
233 0°04 | 0°28 | 0°01 | ©0°004| 0°081| Zr 0°96 | 00141 | 0°0074 - .- 4+2
234 0°02 | 0°30 | 0°02 | 0°004| 0°228| Zr 2°48 | 0°0025 | 00046 — | = 38
Zr , : :
403 0°01 | 0°21 | 0*01 | 0003} 0°027| Zr 0°09 | 0°0187 | 0°0048 — — 1°3
469 | 0°02 | 0*39 | 0°01 | 0*003| -0°079| Zr 0°19 | 0°0079 | 0*0045 — — 0°85
407 107051 0°20 | Tr | 0°002| 0°242| Zr 0°69 | 0°0205 | 0*0046 — — 1*0
214 0°03 | 0°25 | 0*01 | 07003, 0°028| V 0°32 | 0+0070 | 0°0048 | 0°0396 | 00084 | 7°2
217 v 003 | 0°31 | 0°01 | 0°003| 0*101] V 1°00 | 0°0162 | 0°0050 | 0°0116 | 0*0043 6°2
218 1 0°03 | 0°34 | 0°02 | 0°006| 0°265| V 3*21 | 00049 | 0°0058 | 0*0007 | 0*0032 76
229 | 1 003 | 0°29 | 0°03 | 0°004| 0*040| Nb 0°49 | 0°0254 | 00045 — L 4°3
230 0°03 | 0°25 |:0°04 | 0°004| 0°090| Nb 1°57 | 00240 | 0°0080 —_ — 61
232 0°03 | 0°19 | 0*06 | 0*004| 0°216| Nb 4°71 |.0°0121% 0°0093 — — 7°6
——— Nb , :
404 0°01 | 0°27 | 0*01 | 0°003| 0026/ Nb 0°10 | 0°0384 | 0°0041 — — 13
406 0°04 | 0°27 | 0*01 | 0°004| 0°084{ Nb 0°29 | 0°0091% 00050 — — 12
408 0°08 | 0°28 | 0°02 | 0°005| 0°299] Nb 0°85 | 0°0189% 0°0057 — — 10
264 , 002 | 0°16 | Tr | 0%002| 0°032| Cr 3°21 | 0*0235 | 0*0072 | 0*0355 | 0°0001 | - ~ 61°8
240 Cr 0°03 | 0°24 | 0*01 |~ Tr | 0°096| Cr 9°95 | 0*0420 | 0°0094 | 0°0640 — 639
241 0°03 | 0*31 | 0°01 Tr 0°200| Cr 30°15 | 0°0920 | 0*0173 | 0*0550 — 92°5

* Oxygen anahzed from as cast specimens.
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Sulfide inclusions in as cast and as forged specimens.
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Table 2. Etching behaviors of sulfide inclusions.
Col Etéhing conditions
Sampl d olor ) i

Lpe Adde ‘before - |10¢5 Chromic | Alkaline 59, Alcoholic Boiling 20% Hydro-
No. element : alkaline

etching acid permanganatehydrochloric icrat fluoric acid

X 5min X2min acid X5min picrate X 10min
X5min
: : . Greater
238 _ Grey No effect Darkened | contrast All removed | All removed .
) : darkened -
205 Mn Ggrf:;nsh_ All removed | No effect All removed | All removed | All removed
456 Al Grey All removed | All removed | All removed | All removed | All fremoved
. , e N Greater-
. Reddish- Partly Greater

212 Ti . Darkend contrast par-| No effect

yellow darkened , tlyremoved ~contrast ‘ ‘ )
407 © Zr Brown No effect Darkened CGorrf&t;; All removed | All removed

' Greater Greater .
218 v Grey Darkened Darkened contrast contrast No effect
232 Nb Grey Darkened Darkened No effect No effect No effect
241 Cr Grege;;i;h— No effect No effect No effect Slﬁltl,:elg " No effect
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Table 3. Experimental results of electrolytically isolated sulfides.
. T . . o X-ray diffraction |Electron diffraction

Sample Added Residue analysis (wt. %) Added /ele Sulfur | Dpatterns patterns

N : - - 5 ment/sec recovery

No. element Fe Added S C  [|(mole ratio) " (%) ~ | gulfide | Others | Sulfide | Others
: : element ) i )
235 | | 39460, — 20°88 | 3°44 1°08 | 86°1 FeS | — — -

. 237 | % | 5300 — 2838 | 1°98 1007 8947 FeS. - — —
238 | 65°00 | — 32°06 | 1°08 116 | 88'9 FeS — — —
202 | . 376 | Mn39°11] 20°43 | 0°32 1011 735 |@-MnS| — | — | —

203 | Mn 1°44 | Mn 55°06| 30°78 | 1+48 1°04 | 91°0 [@-MnS| — — —
205 | .. . |..0%'72 | Mn é4°57| 34714 .0°95 | . 1°10. | 78°8 |a-MnS| — | — | —

206 | | 26700 | Al 9°20| 26723 2-71 — 66°1 | FeS — | ALO, —
208 : 4976 | A110°10| 32°07 | 263 — 91°4 FeS — Alz Oy —
209 | . 4752 | Al 6°58 | 28°70 | 1427 — 734 FeS - AlOs —

- 448 44+00 | Al 14°15 7:94 | 10°18 — 35°3 — — — —_
453 v 867 | A124°73 | 12°04 9°10 — 23°3 — — — —
486 17°84 | AL19°20 | 18°22 3°64 — 49+0 — — — —
210 | | 2765 Ti7t°24| 22°00| 3°45 | 2°17 79°5 TiS |TiC (N)| TiS —
211 *] Ti 1°05 | Ti66°24 | 3043 | 2°84 1°46 522 TiS . — “TiS | —

Tr212 | 10°93 | Ti64%36 | '37°36 | 1°207 | 1°15 "87°7 [ TiSL — “TiS —
213 ‘ 0°51 | Zr57+78 | 14+10°| "3°80 |~ 1+a4 | 782 |zZrs, | zrN
233 . — —_ = — — — | = — —
234 T ] 3628 | Zr 44762 3*71 | 0°36 — 70°3 — — -

—_— Zr — - — : E

. 403 C14%62 | Zr42°67 |, 14°35 | 4°14 1°04 82°4 — ZrO; | ZrS; | ZrN

C 469 ‘ | 10°10 | Zr 45°95 | 25°98 | 1°83 062 83°1 ZrS; — | ZrS, —_
407 | | 254 | Zrs8t10 | 27°71 | 0°93 0*74 83'5 | ZrsS, — — — -
214 | | 3709 | V3324 ] 1666 | 3°16 1°26 791 | VS| — | VS —
217 v 6°32 | V 43°84 [. 29°80 | 235 | 0°93 86°6 VS — vsS | —
218 ' | 1°35 | VB5°77 | 33*17 | 1°75 | 1°06 ©89°0 VS | — — -
220 ' 3:37 [Nb47°19 | 1546 | 2448 — 529 NbC(N)| — —
230. o — — p— — — R — — —
2320 | 51°00 |Nb 39+99 3°04|. 04| — 1264 _ — — —

——— Nb . — ‘ S

404 | . 4061 [ ND.33°70 1..10°29.| 287 | ..—_ .| 811 FeS  [NBC(N)| - — - |NBC(N) - -
406 7+81 |Nb 4539 | 21+54 1 1-42 — 874 FeS (NbC(N)| FeS |NbC(N) -
408 | | 12'81 INb48"42 | 3067 | 5°'68 0°54 87°9 NbS — — —

264 |- 5780 | Cr25%66 |- 18°54 | 342 0°86 47°7 | “CrS8”| CrN |“CrS” | —

240 Cr 2°22 | Cr38°15 | 25°72 | 3°59 092 57°5 | “CrS”| -~ _— —
241 |- " 1'91 |- Cr48°86 | 25°63| 2°10 1°18 61°5 | “CrS”| — | — I —
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Photo. 3. Electron diffraction patterns”of isolated sulfides.
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Niobium Steel for Glass Lining Use.

(Studies on special elements in steel—III)

Kiichi NARITA, Atsusi MivaMoTo and Késhi M1vazaki

Synopsis:

We prepared a niobium steel for glass lining use by utilizing outstanding ‘chemical and
metallurgical properties of niobium on the basis of the results of its investigation as repor-
ted in our previous paper which was published as a part of our studies of special elements

having effects on steel.

As the result of our examination, we have found that as compared

with titanium steel heretofore in use, niobium steel is free from difficulties in melting and
accordingly it is possible to develope mobxum steel having emment properties as a material

for glass hmng use.

The following are the results of our study on niobium steel.
1. The surface of niobium steel ingot is much better than that of titanium steel and fatal
surface defects such as sand marks, sand bites, slag bites, etc. are extremely few in it as

compared with titanium steel.

"In the case of titanium steel, there is the tendency that

surface defects will be remarkably increased with an increase of titanium content, but such a

phenomenon can not be observed in the case of niobium steel.

Accordinglly, it is possible

to produce rolled or forged materials with less surface defects for glass lining by using nio-

bium steel instead of titanium steel.
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