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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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2. Titanium is easily oxidizable and in _{:onsequence, its recovery in molten steel is extre-

- mely low. It is, therefore, rather difficult to add an exactly constant quantity of titanium

~to molten steel. On the other hand, niobium is not so easily oxidizable as titanium and yet

its recovery in ‘molten steel is high; for example, it is more than 90% in killed steel and in
most cases niobium can be added to molten steel in an almost perfectly constant quantity.

‘3. Most of ox1de 1nc1uS10ns found in titanium steel are crystalhne titanium oxides and
such oxide 1nc1usxons have a tendency to increase with an increase of the ‘quantity of tita-

_nium contained in steel. On the contrary, oxides found in niobium steel are glassy compo-
" unds composed of Si0; and Alzog, and niobium. oxides are comparatively scarce.
. 4. With an increase of titanium addition the cleanliness of steel generally tends to be 1ost ]
but such a phenomenon can not- happen in the case of n1ob1um steel. ‘ S -»
5. By adding titanium or moblum to steel, austenitic grain of steel is refined very much,:
but in either case of titanium or niobium, this grain tends to become coarsened when the
quantlty of titanium or niobium contained in steel is increased over a certain extent.
By adding titanium or niobium to steel, the point of transformation of steel has a ten-
dency to rise and the coefficient of thermal expansion of steel has a tendency to fall. The
v coefﬁcient of thermal expansion at 100 to '300°C is alittle greater in niobium steel than in
 titanium ‘steel. :

7. As to the- bhster phenornenon in the surface of the glass coatmg of titanium or n1ob1um i
steel material in its firing process, it has a tendency to decrease as the ratio of T1/C or Nb/ - ”
'C in steel increases, and this tendency is very remarkable in niobium steel. '

8. Regarding the adherence of the fire-coated glass to the surface of the test piece mate-
rial of steel at normal temperature; it is the best when steel contains 0°25% titanium or 044
% niobium there in. If has, however, a tendency- to-become - worse if the quantity of ti-
tamum or niobium contained .in steel is increased over the aforesaid percentage.

- Niobium steel is much. better than titanium steel in.respect of the thermal shock resis-
tance at 200° and 220°C of the. glass coating on the surface of the test piece material of steel. ;

10. Fishscale defects (partial exfoliation) ‘in the glass surface covering the test piece ma- v Q
terial after glass lining by firing are much less in niobium steel than in titanium steel. In
the case of 0°449% niobium steel, fishscale defects of the glass can not be found at all.

As mentioned above, niobium steel has many excellent ~ properties as compared with tlta—
nium steel and we confirmed that asa material for glass lining use, niobium steel is superior
in every respect to titanium steel heretofore in use when the quantity of niobium contained
in steel is about 0°40% and the ratio of Nb/C is approximately 4°0.

(Received 6. Jan. 1964)
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“Table 1. Chem1cal compos1t10ns of raw materials (%)
Material c S |Ma | P | s |ocu Ti | Nb
Electrolytic iron '0°004 | 0°004 | 0°004 | 0°*005 — 0°001 — —
Low carbon refined steel 0°042 | 0°59 063 0°006 | 0*008 | 0°030 — —
Medium carbon refined steel 07420 | 0°42 042 0°007 | 0°009 | 0°017 — —
Ferro-Manganese 0059 |- 0°84 81°00 0069 0°010 — — —
Calcium silicide 0°80 | 56°00 — — — — —
" Ferro-Titanium <008 (<020 |[<0°30 |<0°02 |<0°02 — 27°00 —
Ferro-Niobium 0°003 0'88 0°18 0°012 009 — 74°64%

* Tantalum content: 4°10%

Table 2. Chemical compositions of specimens.

i Chemical composition (%) Added amount| Recovery of '
Specimen » of Ti or Nb added element! Ti/C | Nb/C

: C Si | Mn'| P S Ti | Nb (%) (%)

T-1 0°09 | 0*29 | 0*46 | 0009 0°007| 0°14 — 0°20 70°0 1°55 —

T-2 0°09 | 0°31 | 0°51 | 0°006! 0*007| 0°25 — 0°+30 83°3 278 —

T-3 0°08 | 0°28 |-0°48 0+008} 0°007; 0°39 — 050 78°0 4°88 —

N-1 009 | 027 | 0*50 O’OlO' 0007 — 0°22 025 88°0 — 244

N-2 009 | 0*33 | 0°51 | 0*011| 0°007] — 0444 0+45 98°0 — 4°89

N-3 0°08 | 021 | 0°48 | 0°017| 0*007] — 0°59 060 98°3 — 7°38

P.'_hQ‘.CO.{ Ll

T—/ 70/4/ 7'—2 77 025/ 7-3, 71 039%, /V—/ Nb:022%, V-2, Nb: 044/ V-3, Nb:059%, ‘
100 mm

_Effects of titan,i‘ummgnd_‘_,niobium on surface of steel ingot.
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Longlitudinal  divection

ansvérse direction

Tl TEOM% T-2, 70025 % T-3, Tt 039% N1, Nb:0.22% N-2, Nb:044%, N-3 Nb:059%,
' . /00
i

Photo. 2.
of steel ingot. ‘
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Effects of titanium and n1ob1um on macro-etched structure
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Tablé" 3. The results of chem1ca1 analysis of non-metallic 1ncluswn and gas, and
_ measurement of cleanliness and austenitic gram size. s
R . Gas component
Oxide inclusion (%) : . Austenitic grain

‘Specimen - e ’ . (%) Cbeanlmssf size number.

o Si0; | Al,O; | MnO | FeO | TiO: o] N 00400 (960°C , 6hr)

T-1 | 0°0000 | 0*0002 | 0*0000 | 0*0000 | 0*0132 | 0°0098 | 0*0073 011 7°8

T-2 0°*0000 | 0°0002 | 00000 |-G*0000 | 0°0096 | 0°0070 | 0*0076 0°14 9°8

T-3- 0°*0000 | 0*0002 | 0*0000 | 0°0000 | 0°0076 | 0°0058 | 0*0093 0°17 6*1

N-1 | 00011 | 0°0011 | 0°0000 | 0*0000 0+0065 | 0°0065 007 9+8

N-2 0°0010 | 0*0022 | 0*0000 | 0*0000 0°0070 | 0°0070 " 0°08 97

‘N-3 0°0008 | 00028 | 00000 | 00000 0°0076 | 00076 0°10 7¢2
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X 400(1/2)
a: Titanium nitride (0'14% Ti-steel), b: Titanium
oxide(0°25% Ti-steel), c: Titanium oxide (0°39%
Ti-steel), d: Silicate (0°22% Nb-steel), e: Silicate,
alumina fine niobium oxide (0°44% Nb-steel), f: fine
sulfide and silicate accompanied with niobium oxide
(0°59% Nb-steel).

‘Photo. 3. Effects of tltamum and niobium on
nonmetallic inclusion in steel (forged).
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Effects of titanium and niobium on temperature. of transformation'and

Table 4.
coefficient of thermal expansion of low carbon steel.
5 of mati ° - Coefficient of thermal
Specirien ’remperature of transformation (°C) expansion (X 10-5)
Act © - Ac3 Ari Ar3 100~200°C Z00~300°C

T-1 870 905 - 825 880 1°3 1°5

T-2 - 840 920 .. 840 883 1°2 1°4

‘T‘—B 910 930 867 890 1°0 1°5
N-i 805 853 . 767 823 14 146 -
N-2 - 883 920 - 840 838 1°3 1+6 %
N-3 898 - . 920 850 880 1+2 1°4 .
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Photo. 4. Effects of titanium and noibium on
) austenitic grain size..

(The austenite-structures were developed‘

by vacuum heating method.) '
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Photo. 8. Effects of titanium and niobium
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Photo. 9. Effects of titanium and niobium on
. fish-scaling phenomena of lined glass
steels containing their elements.
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Synopsis:

N-155 alloy and the same alloy with 109 Ni replaced with equal amount of Mn were selected
as the base composition and about twenty alloys containing various amounts of carbon and

nitrogen were melted.

The reasons why not only the forgeability is improved by the addition of manganese, but
also an excellent high temperature property is obtained by the addition of proper amounts

of carbon and nitrogen were explored.
Results obtained were as follows.

(1) If the carbon and nitrogen contents are nearly equal, the solidifying temperature
and the solution temperature of the precipitates drop, the deformation resistance becomes

H AR N M ESERE

lower and the cast structure more easily disappears.in the high manganese alloys.than in N=.. B

- 155 type‘ alloys.

\

The reasons why the high manganese alloys are more easiiy forged than the N-155 type ‘ 7 bﬂ

alloys, lie in these facts.

(2) The fact that the softening resistance property of the high manganese alloys is

more excellent than that of the N-155 type alloys, is due to the fact that the age hardening -

property of the former is superior to that of the latter.
The reason why the high manganese alloys have an excellent high femperature property,
though they are easily' forged, is given by the above-mentioned fact.
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