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- Effects of Niobium on Steel.
(Study of special chemical elements in sfeel——II)

Kiichi NARITA and Afsusi MivaAMoTO

Synopsis:
As a part.of the study of special chemical elements in steel, we have investigated the ef-
fects of niobium upon the properties of ste€l. The followmg are the results of test;

1. Niobium added to steel refines remarkably the cast structure and austenite structure
of steel. An adequate and yet minimum quantity of niobium necessary for the refining

control of austenite--grains in steel is 0°03 to 0°04%.
2. With an addition of niobium, the coarsening temperature ‘of austenite-grains will rise.

For example, in the case.of 0°03 to 0°04% niobium addition, the. coarsemng temperature rises

by approximately 160°C and reaches 1050°C.

- 3. The deoxidation power of niobium is comparatxvely small and it does not show any
substantial ‘deoxidation effect upon the molten steel used for this test and other molten steels
containing silicon. It is, however, considerably greater than manganese and accordingly, it
is supposed that niobium may combine with oxygen which becomes super-saturated with a
lowering of the temperature during the process of solidification of steel to precipitate non-
metallic inclusions consisting of various niobium oxides. But, being extremely minute and
very small in quantity, such oxides do not exert a great influence on the cleanliness value

of steel material as determined by JIS" method. The affinity of niobium for carbon and ni- -

‘trogen is so great that niobium may eas1ly combine with these chemical elements to form
carbides and nitrides. :
4. ‘The reﬁmng phenomenon of austenite-grains is due to the.existence of niobium car-
~ bides and nitrides in steel material, and the elevation of the coarsening temperature of auste-
nite-grains is the outcome of their growth being restrained by these compounds.
It is due to the existence of various oxides containing niobium precipitated in the molten
steel or during the process of solidification that the cast structure of steel becomes refined.
5. By an addition of niobium, the yield point and Charpy impact value of steel material
are remarkably improved and the ratio of yield point to tensile strength increases.
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Table 1. Chemical composition of raw materials (%).
Raw materials oo C Mn Si P S Nb Ta
Reﬁned_steel‘ melted by . . . . .
electric arc furnace 034 0733 019 07006 ot — o
Swedish pig iron 403 0°40 0*51 0°025 0°016 — —
Ferro-manganese’ . 0°80 97°05 0°99 — — —_ —
Ferro-silicon — - 7741 — — — - —
Ferro-niobium 0°02 — 0°77 0°086 0°054 66°89 2°10

Chemical c’ompbsitioh of specimens (%).

Table 2.
Specimen [Nb, added . C Mn Si P s Cu Np | Recovery
K 301 — 0°25 0°52 025 0°011 0015 010 0°000 —
K 302 0°03 0°25 0°54 024 - 0°010 . 0°015 0°10 0°035 117°0
K 303 . 006 0°25 0°53 0°22 0011 - 0°015 0°10 0°055 917
K 304 0°08- 0°30 069 016 0°012 0°016 010 0+075 93°8
K 305 010 0°29- 0°69 015 0°012 0°015 0°10 0°095 95°0
K 306 015 0°29 067 0°15 :0°013 0°015 0°10 0145 96°7
K 307 0°20 0°29 067 0°15 0°015 0°015 0°10 0°200 100°0
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- Table 3. Nonmetallic'inclusion, oxygen and nitrogen in steel material containing niobiun‘q.‘

oo Nb Oxide inclusion (%) Cleanlin- ??gi’iula‘ed ) <
. ! amo- .
PECIMEN | (o) sion | ALO, | (MmO) | (FeO) |7y ot msae, 0 (%) %)
; : 102 £1203 comp. comp. 66x400  \inclusion )
K 301 | 07000 | 0009 | 00013 | 0-0028 | 0°0007 | ©0°15 | 0%0065 | 00102 |- 0°0070
K 302 0°035 | 0°0092 | 0°0017 | 070024 | 00006 | 0°15 | 0°0063° | 0°0098 | 0°0078
K 303 '| 0055 | 070087 | 0°0016 | 0°0020 | 0°0007 | 0°14 | 0°0060 | 0%0096 | 0°0072
K 304 | 07075 | 00082 | 0°0016 | 0°0019 | 0°0006 | 0<14 | 0°0056 | 070104 | 070078
K 305 | 0°095 | 0%0057 | 070020 | 0°0014 | 0°0005 | ©0+13 | 0°0044 | 0°0101 | 0°0074
‘K 306 0°145 | 0+0055 | 070025 | 0°0011 | 00006 | ©0¢14 | 0°0044 | 070097 | 0°0075
K 307 | 0200 | 070049 | 0°0035 | 070013 | 0°0006 | 0°14 | 070046 | 0%0095 | 070075
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Table 4. Mechanical properties of steel material containing niobium.
Speci Yie1d4point Tensileh Yield ratio | Elongation |Reduction of Charlpy impact Hardness

pecimen (kg /mm?) strengt (%) (%) area (%) . value (Hs)

(kg/nnn% L7 ' (kg -m/cm?)
K 301 | 338" . 56°7 596 34°0 -} 59°8 7°55 137
K 302 40°9 559 - 73°2 342 60°5 11°90 137
K 303 427 56°*5 757 34°0. 614 14°4 . 141
. K 304 424 564 75°1 350 614 - 15°8 ) 139
K 305 | 42'3 55°9 757 35°5 - 61°5 VAR 139
K 306 © 4104 566 73°1 342 61°3 154 139
K 307 404 534 {756 36°0 63°0 14°9 - -+ 138
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(a) .: Berthellide type niobium carbides, NbC’
(b) : Berthellide type niobium nitrides, NbN

Photo. 6. Carbide and nitride inclusions extra-
cted from carbon steel containing ni-
obium by carbon extraction replica.
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Table 5.

Economic comparison in austenite-grain refining. .
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* Economy was' evaluated on the ba51s of vanadium of 0*10% us1ng ferro vanadlum
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(Changes in mternal friction at room temperature of a

low Cr-Mo alloy steel by heat treatments—I)
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Changes in mternal friction at room temperature of a low Cr-Mo alloy steel whlch has
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