~ July 6, 1948. W.A BROWN ETAL 2444424
. STEEL METALLLRGY . S
© Filed May 12, 1945

. . .'.. . I-' ! " I" . .
<« . . o _ | s . ‘ o L {-."- .
l': : : ) ' ' : ‘ .__.“i."l.#.

R Y R i e T L B

WILLIAM A, BROWN ~ INVENTORS, .
FRANCIS S. KLEEMAN o
BY ,




Patented July 6, 1948

UNITED

STATES

PATENT OFFICE

244442
' STEEL METALLURGY

William Andrew Brown, Mount Lebanon, Pa., and
' Francis Sidney Kleeman, Lakewood, Ohlo, as-
- signors to The Carborundum Compa,ny, Nlagara |
Fa.lls, N. Y., a corporatlon of Delaware - R

Application May 12 1945 Serla.l No. 593 460
(01 75—53) o

This invention relates to the production of o

. steel, Tt particularly relates to the production

of steel for ingots or castings in which it is very

important to produce sound metal with the
‘greatest possible freedom from gas bubbles or

- holes in the metal and from deleterious 1nclu-
sions. |

‘It is an. object of the present lnventmn to pro- B
vide a process for the final deoxidation of steel

- which will result in the production of sound,
clean ingots or castings having improved micro-

10 Cla.im3.
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' - structure and physical properties. Other objects :
- of the present invention are to increase the duc-

| t111t:5r of deoxidized steels and to reduce the tend-
~ ency in such steels for the segregation of inclu-

 sions, particularly oxide and sulfide inclusions.
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A still further object of the present invention is

" to produce a steel which has an increased hard-

enability and creep strength. Additional objects

of the present invention will be perceived from

- the following specification.
 jects are obtained by a process which involves
the use of granular silicon carbide in the man-

- ner hereinafter set forth for controlled ﬂnal de_
 oxidation of the steel. |

° In the ordinary processes of making steel & fer-

rous base mixture is treated in such a manner

as to oxidize and remove the undesired elements
present. These elements vary with the composi-
tion of the charge used. The more common ele-

- ments which are removed by oxidation are car-
- bon, silicon, and manganese. With the exception

_ 20
These desired ob-

_duced 8 steel of exceptlonally good quahty, pos-

~ sessing physical properties and structure superior o
.to those ordinarily obtained. R
In order to obtain the herein disclosed beneﬂts L
which may be derived from the deoxidation of
" steel with silicon carbide, it is essential that sili-
~ con carbide be added to the steel in the ladle in
~accordance with the process now to be disclosed
and under the conditions specified herein. Addi- -
tions of silicon carbide which are not made in
- accordance with this method and under these
_conditions will 1nvar1ably produce results which
are erratic or ineffective. Indeed, such additions
are almost invariably actually detrunental tothe
quality of the steel since they result in the pro-
duction of steel which is of lower quality than
‘steel to which silicon carbide has not been added.
The first problem in the application of silicon
~carbide to steel is that of obtaining _complete
silicon carbide particles

dispersion of the
throughout the mass of molten steel in the ladle.

"~ The layer of slag which lies over the steel bath,

:_ ~ the high surface tension of the molten steel, and
its high specific gravity as compared to that of .
silicon carbide, all combine to make it impossible =

~ to disperse the silicon carbide particles through-

- out the molten steel bath unless the addition is |

- made in the manner hereinafter described.
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. of the carbon (the carbon monoxide formed by

- its oxidation passing off as a gas) these elements

are converted into fusible oxides which for the

39.

most part rise through the steel and become part
-of the slag which floats on the surface of the .

metal.

slag as sulfides and phoSphates when a basic slag

- is employed. |
It has been customary to add various sub-

stances such as aluminum, calcium silicide, ti-

 tanium and other deoxidizing agents to remove.
the oxides that are mechanically entrapped and.

| Sulfur and phosphorus, also occurring
as impurities, may be partially removed into the -
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in solution in the steel after it has left the fur- -

“nace. It has been discovered that the use of
granular silicon carbide as a final deoxidizer in

“accordance with the process of the present inven- |

tion removes almost completely the last traces
of oxides and oxygen that still remain in solu-
~ tion in the steel, and at the same time breaks up
~the mechanically entrapped oxides, destroying
- their continuity and dispersing them uniformly
throughout the mix. In thrs way there 1is pro-

:.hJ

The second problem which remains even af ter -
complete dispersmn of the silicon carbide has
~ been obtained, is that of obtaining satlsfactory: -
- reaction of the silicon carbide with the impurities
The solution of this problem

in the molten steel. |
requires the taking -of certain precautions and

careful regulation.. Such precautions and regu-
lation are concerned with the mesh size of the
silicon carbide used, the size and temperature of
the steel bath in which deoxidation takes place,
and the period during which the molten steel
‘must be held in the ladle before startlng to pour
o lt into molds. - |
- It is essential that srlicon carblde of oompara—- |

tively small particle size be used and that the
ladle of steel be held much longer than is now

5 commercial practice in order to produce the re-

sults desired. It has been found that the bene-

ficial results which are obtained by holding the
- steel in the ladle for a longer period before pour-
ing far outweigh the usual objections to follow-
ing this practice, especially since these beneficial
results can be obtained only_in this way.  Fur-
 ‘thermore, it has been found that the exothermic
action of the silicon carbide in deoxidizing the
steel substantially offsets the usual objection that
excessive temperature reduction results when the




) -~ steel.

- metal in the Jadle.
~ may be used, it has been found that a convenient

R .ladle of steel is held for the period of time callcd
- for by the process of the present invention. The
- required holding time must be determined, as
~ discussed hereinafter in more detail, in relation
- - tothe size and temperature of the steel bath and
-~ . the grain size of the silicon carbide employed
- . 'The details of the process by which it is possj..
~ ble consistently to secure successful results in the _
- deoxidation of steel with sﬂicon carbide are as
: 10
. _A. The sﬂicon carbide must be added to the.__"-"-"
- steel pouring into the ladle. The addition should
- be made between the time when the ladle bottom

~ follows. -
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the above-mentioned conditions to use silicon o

‘carbide substantially no particles of which are
- held on a standard screen having 36 mesh per |
| .linear inch; and silicon carbide of such fineness

is- meant when “36 mesh silicon carbide” is re-
B ferred - to ‘hereinafter in the speclﬂcation and .
- claims. If silicon carbide havmg any substantial

. proportion of its particles coarser than 36 mesh is
used it has been found that almost invariably -
after the steel has been poured into the ingots or .
~molds the unreacted coarse particles of silicon

... carbide remaining in the steel will react. There-

© sulting reaction products—sihoa (SiOc) and car- -

is just covered with metal and the time when

: the ladle ‘becomes one-fourth filled with molten
‘It is necessary that the silicon carbide be

15 .
. ered viscosity resulting from loss of heat remain

- enclosed in eontainers which will disintegrate in
- the molten steel but which do not disintegrate

‘until they have been forced, by the stream of steel -

29 conforming to the conditions specified, and only

-Although other containers

- entering the ladle, beneath the surface of the

- and very satisfactory container is a four-ply paper

bag. The bags op other containers of silicon car-
' bide are thrown into the ladle directly at the base

of the entering stream of steel. The molten

~ stream thus acts as a mechanical plunger which
~ forces the packages of silicon carbide beneath -
~ the surface of the bath, whereupon the container
o -dismtegrates and the fine particles of silicon car-

- bide are distributed throughout the bath by the -

- turbulence there existing. ‘Thereafter the silicon

~ carbide particles slowly rise through the molten
. steel, their rise being retarded by their fine par- "

ticle size and by the inherent high visc031ty of the

- -molien steel .
~ B. After the ladle is ﬁ]led it is necessary to o
~ _hold it for a more or less prolonged period in or-
- der to allow sufficient time for the silicon car-
- bide molecules to dissociate and react with the im-

. purities of the steel.
. ‘These reactions, by removing the omdes in the
steel increase its ﬁuidity There is also an evo-

- lution of heat because the reactions of the sili-
- con carbide with the oxides are exothermic.  As
8 consequence of these circumstances, more time -
-may be allowed, without undue loss of finidity,
- for the inclusions which occur in the molten steel,
or which are formed- therein as a result of the
- deoxidizing reactions,
~through the bath of steel into the covering slag.
- 'With the steel at a temperature of 2900° F. when
- tapped from the furnace and with silicon carbide
of comparatively small size (factors discussed
§b

to - coalesce and rise

 in the following two paragraphs) the steel should
- be held in the ladle for at least 15 minutes.

C. It is necessary for the steel to- have a tem-

~ from the furnace although higher tapping tem- .
= peratures may be employed. _
- D. Rather finely-divided silicon carbide must- .
be used as a ladle addition for the deoxidation of

- - steel since if coarse particles are used they do
-not completely react in the ladle and will: conse- .

- quently cause pores or gas bubbles to appear in the

~castings or ingots. With g tapping temperature
. of 2900° F. and with the steel being held in the
- ladle for 15 minutes, it is preferred to use silicon
| ~carblde of particle size such that it will pass
- through a standard screen having 50 mesh open-
~ ings per linear inch; and silicon carbide of such
~ fineness is meant when “50 mesh silicon carbide”
~is referred to hereinafter in the specification and
. claims. Although there is no -advantage to the
-use of coarser si]icon carbide 1t is possible under

25 ¢
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bon monoxide (CO) —being unable to escape from '

the steel in the ingot or mold because of the low-

‘entrapped and produce a dirty, gaseous product_

unfit for commercial use. e
By following the method above set forth and

- by so doing, steel may be produced which is much
' cleaner, freer of gases and inclusions, and con-
-siderably superior in physical properties to the -
. steels now produced by presently known processes L
= 0f deoxidation, = o
 In the accompanying drawings Figures 1-5, in-' |
clusive, illustrate the appearance of photomicro-_- =
| Figures 3 and =~
. b show sections of steel specimens made in ac-
cerdance with the process of the present inven-
- tion and Figures 1, 2 and 4 show sections of steelz._
B specimens which have not been so made. | o

graphs of polished sections of steel. .

‘Figures 6 and 7 are reproductions of sulfur

B ""contact prints of steel, Figure 6 being taken on a
steel made without deoxldatmn by silicon car-

~ bhide and Figure 7 being taken on a steel of the '

same analysis which has been deoxidized. with

~silicon carbide in accordanoe with the process of

‘the present invention,

a0
7 in accordance with the process of the present in-

The effect of the deoxidation by sihcon carbide

~ vention on the physical properties of steel may be -
____:.seen from the following example S

50
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To a steel having 2, carbon content of 27% and |

a silicon content of 419, there was added as ade-
- oxidizer, in making one casting, 3 pounds of alu- -
‘minum per ton of steel to the ladle, and, in mak-
ing another. casting, silicon carbide as a deoxi-
- dizer. was added to the ladle, in accordance with
‘the process of the present invention, in the pro- -
~ portion of 4 pounds per ton of steel.-
‘lowing table shows the effect upon the yvield pomt__ |
‘and ultimate strength of the steel resulting from
‘the use of the different deoxidlzers as oompared:

The fol-

| | --to Steel with no deoxidizer
| perature of at least 2900° F. when it is tapped

65 -

75

60

70
- without a deoxidizer. -
- tested after being cooled in air from 1700° F. -
~Another example which indicates the nature of T
‘the improvement in physical properties of a steel
resulting from the use of silicon carbide as a de- |

SR { Yield |Uliimate

- | Point | Strength

L P.s.i | Pesi .
Nodeoxidizer. . oo o 54,700 | . 87,000
AldeoxtdizZer_ oo - 47,400 ¢ - 80,150
8iC deo:fd.izer ................................. ﬁﬂ, 950 [ - 94 600

. . e

- It will be seen from the results of these tests o
that both the yield point and the ultimate strength |
- of the steel deoxidized with silicon carbide have
~been materially increased above those of the
aluminum deoxidized steel as well as the steel o
-All of the specimens were



oxldizer in accordance wlth the process of the
3preeent invention is as follows. T
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' produced when nnpurltles aare preclpitated lote“-

~ bered that both the silicon and carbon which form

in the solidification. It should also be remem-

ﬁl ﬁ

Emmple II - sllicon carbide are normal ingredients of steel @~
I _ . — ~——_ § and therefore add no undesired forelgn elements ]
- |Carbon) Silicon Eﬂ& ‘é?:ei?;ttt? Elt“i'ﬂga tonfm Other deoxidlzers do not have the edvantages o
' B CESAUUN A E— |~ "~ mentioned in the preceding paragraphs, that
: Per cent Percent| P.a.i.| P.o.i. {Percents ,Pcr cent  are found in the use of silicon carbide in accord-
‘Nodeoxidizer.| 0.28| 0.39 {gi% g.tllgg | il_;g g g. 10 ance with the process of the present invention. T
i Y ol ~ Thus, for example, when aluminum is used as & . =
SiC deoxidizer| 0.20 | 0.41 {5530“ 84000 | 20.0| 47.2 I
| . .l 5,000 | 84,500 | 30.0 - 49.5 . deoxidizing agent, residual aluminum oxide and =
— : e ~ aluminum sulfide are found in the resultant steel,
| ‘In2m | e ~  Not infrequently these impurities are found so ;
15 distributed or segregated as to render the steel
Oxﬂ'ii:; 111.1 5;;1323 tél:; ?;r;xee sﬁ;il iig gﬁg{: I;ﬁi;l:; unsuitable for use. One of the disadvantages of
- such inclusions is their effect in materially re-
carbide, in the proportion of four pounds per ton ducing the ductility of the steel. -~
| I, was used in accordance with the process S
of s’;,lee ~ The following example shows that’ hnprove- .
of the present invention are almost identical so 9o ment in the physical ‘properties, including the
far as carbon and silicon content are concerned. “¥ ductility, of steel may be obtained by deoxidation
It will be noted further that not only is the  wuh Glicon carbide in accordance with the proc-
strength increased as shown by the increased . ogof the present invention, not only in the direc-
yield point and ultimate strength figures, but ~tion of the grain of the steel but also across thé
_tlllat the elongation and redlfctic;n 1ni area are 25 grain of the steel. The latter is of particular im- =
also greatly inc¢reased by deoxidation with silicon * portance in the case of forgings and other highly- -
carbide. It is evident that the steel of the silicon Worked c-teel products or artioles e TR
~ carbide deoxidized specimens will have & much T BRI
~ greater ductility than will that of the specimens . L E:cample mr
- which were not deoxidized with silicon carbide. a0 T _ — _3--» -
The specimens tested in this example were air = . Ditection'of viem; ﬂltiﬁi‘ate “Elonga- |
cooled after heating for 2 hours at 1700° F., re- D“’“‘l“’“" ~ Specimen - | Point | Strength | tion tion in .
heated for 2 hours at 1460“ F. and again air - . SHNN RETHRE . -
e emp oymen 0 granu ar S con carbi e, in '.,4"0110.-----.__--;-_- CTOSS Eram--- afy 67, 3.0 .
accordance with the process of the present in- 35 Sl(‘]??:::f Eﬂ:‘ss‘?‘%’}n 2}% :%:.%- -- :_::ﬁgg gX
vention, as a deoxidizer for steel is also advanta- ~  Do.....} With aram--._.- 69,000 |- 88,000 | 20.0 |
 geous in other ways. The fluidity of the' steel _— e
bath is very materially increased as a result of iIn2in. SR | T T
‘the deoxidizing reactions with silicon carbide ,, - The speeimens for which test results are shown.'f-- S
“both hecause of their effect in decreaslng the ox ‘de in this example ‘were ta,ken from steel forgings = =
or gas content of the steel and also because of the N showing, by analysis, 0.32% carbon and 0.30% o
~ considerable heat evolved as a result of the exo- = carbon. The specimens were water quenched and D
thermic nature of these reactions.  This in-  drawn. In the specimens of steel deoxidized by
creased fluidity is beneficial since it improves the 45 silicon carbide, the silicon carbide was added to =~
castability of the steel and since it permits slng =~ the steel in the ladle, according to the process -
- inclusions and gas bubbles in the steel to rise of the present jnvention in the proportion of4 o
~more readily to the surface. For this reason  pounds of silicon carbide per ton of steel. |
steel which has been deoxidized with silicon cav-  test results given above show a remarkable in-
bide in accordance with the process of the present 50 crease in the elongation and reduction in area
invention is. very clean ﬂnd has fewer detrlmental- " figures for the specimens taken across the grain;:;;-':f
inclusions. | ' of the steel deoxidized with silicon carbide. . L
- Moreover, the chemical reactions between the . 'will be evident that the overall improvement in -+
~silicon oarblde and the inclusion-forming impuri-  the silicon carbide deoxidized steel so far as
ties in the molten steel alter the chemical com- g5 ductibility is concerned is very great.. o
~ ‘position of the impurities and thus change their -~ In another series of tests run with varying per- B
solubility in the steel. Accordingly, even such " centages of silicon carbide as a deoxidizer in ac- o o
impurities as are not removed from the molten  cordance with the process of the present inven-.
~ steel are likely to be precipitated early during the tion it was further found that even comparatively_} .
solidification of the steel. They thus occur in the go small amounts of silicon carbide are effective
form of the more desirable random globules in-  in improving the quality of the steel. These tEStS-T_
stead of the undesirable segregations which are  are shown in the following example L
| R E:cample IV
' sic  Analysis | 1 R R B
est | orés | Per cent | Per cent .;;?}3 ,ggg?gattl‘? ';ﬂ?gga Ri?e;n Faotor
- P.s.i.’| P.ai |Percenti| Pereent | -
), SRR I .25) .42 3480 69,700{ 30.1 | 483 | . 7L9
S : WO 1.1 .26 .48 | 35500 | 68,260 | 3L75| - H0.55| 743
o .8 .26} = .64 37,333 72000} 325 | L2 [. 758
) FO 2.2 .23 59| 36,80 70,200| 3L4 | 5L 3 176.2.

1In2in.

. Rﬂdllc;_.f-...'

3.6
18.2
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' ~ vention.

It will be seen from ,

~ to steel of silicon carbide as a deoxidizer results

- In a general improvement in its bhysical proper-
_ in amounts as small as 1.1 pounds per
Cton. o ETEEEm s SRR A

ties even

The quality factor speciﬂed for the steelsam-

~ Ples described in Example 1V is a figure which
has come into use in the steel industry for the -

- evaluation of steels for uses involving strength,
~ toughness, and ductility. The figure is derived

~ from the following equation:

Quality factor="

5000

o - It will be seen from the table above that the =
~_ quality factor has been improved in each test by

- the addition of silicon carbide as a deoxidizer,
~ In test “D,” for example, the quality factor was

- n test. “A” in which silicon car--

~ bide wasnotused.
-~ _The amount of silicon carbide used for deox-
~ Idation may vary, as shown above in Example
IV. As shown there, even small amounts have a

- desirable - effect. ‘The amount of deoxidation

- needed varies in general with the carbon content

~ of the steel. It has therefore been found ex-
pedient to adjust the proportion of silicon car-

1069 of that

bide used as a deoxidizer in accordance with the

this .".ta"b'le' that the additi'dn.; - :

' Ultimate strength plus 6000 (% reductioninarea)

20

26

~ nification. Pigures 3 and 5 make
30
analysis of the steel. It is preferred that for
~ steels containing under .2% carbon, 6 pounds of -
- silicon carbide per ton of steel should be used;

that with steels containing from .2 to 4% carbon,

4 pounds of silicon carbide per ton should be

used; and that with steels containing more than
4% carbon, 2 pounds of silicon carbide per ton -

should be used. It will be understood that these  made on a section of steel having the

amounts are only approximate since the ‘exact v 031 & secuion na s

- optimum amount of silicon carbide in each case _

- will vary slightly depending upon the exact com-

- bosition of the steel, its treatment, etc. How-

- ever.it has been found that with amounts of the

- order of those specified steels of improved proper-

‘ties result. It has also been found that if any

‘considerable amounts of alloying metals such as

- hickel, chromium and molybdenum are present

- in the steel that an additional quantity of silicon 4 comparison with

35

40
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~carbide is necessary for complete deoxidation.

In general, in the neighborhood of 2 pounds per

- ton of steel in addition fo that called for by the ‘vention, it is also possible to obtain another ef-

fect which is frequently desirable—increase of
. el This enlarging ef-

55 fect on the grain structure increases the harden- -

- ability and creep strength of the steel to a de-

- gree which could otherwise be obtained only by :

~ The drawings heretofore mentioned illustrate the use of appreciable quantities of alloy addi-

- quite clearly the improvement in cleanliness and -

reduction in impurities in the steel which results 9

- from the use of Silicon carbide as a deoxidizer in

‘the process of the present in- -

~ carbon content of the steel has been found to be

~ proper. ‘It will, of course; be understood that any

- slight excess of silicon carbide over that neces- -
- sary to complete the oxidation will not be deleter-

ious as would be the case with other deoxidizing

- agents,

' ~accordance with

- Figure 1 is

_ a -representfa,j:ion of a. phﬁtomigro-'.-'_'
- graph. which illustrates the type of inclusions

90

the steel has had no deoxidizer added in the

shown, T U
. Figure 2 is a representation of a photomicro-

~ ladle. Both sulfide and oxide  inclusions are

- graph llustrating a typical structure found in
76

 steel whose structure is illustrated in Figure 1,

70

- work or segregated impurities.

- the grain size of the steel.

=
8“

when the steel has been deoxidized by the addl-

- tlon of aluminum to the ladle. Steel containing =~
- areas of Impurities such as this would be classl-
. Hed as “dirty” steel. . - -~ - . |
- graph which shows the structure typical of acid
~ electric steel, having the same composition as ;
- the steels whose structure is lustrated in Figures
- 1and 2, which has been deoxidized with 4 pounds
of silicon carbide per ton of steel added to ‘the
... ladle In accordance with the process of the pres-
.. . ent invention. ‘This structureis characterized
by random globular inclusions which, unlike the
inclusions shown in Figures 1 and 2, do not re-
Sult in weakening of the steel. IR

_Figure 3 is a representation of a photomicro-

Figure 4 is a representation of s photomicro-

graph illustrating a nefwork of aluminum sulfide B
Inclusions such as is frequently found in steels
- which have been deoxidized with aluminum.
Steels having such networks of inclusions have a -
- . verylowductility,. @ N

Figure 5 is a representation of a photomicro-

- graph of a polished section of basic open hearth
steel which shows the globular inclusions charac-
teristic of steel deoxidized, in accordance with
- the process of the present invention, by the addi-"

+ tion of silicon carbide to the ladle, |
~is very similar to Figure 3 but at a higher mag-

. 1 , , it clear that
in such steels there is a complete absence of -nei_:-_-' |

- Pigure 6 is a rep esentation of a sulfur print
- made on a section of acid open hearth steel con-

‘taining .03% sulfur. The great number and size
~of sulfide impurities in the steel is evident from
- the dark areas of the print. .
~ Flgure 7 is a representation of a sulfur print

same analy- -

~ Sls as that used in preparing the print of Figure
6. However, the steel used in breparing the in- =~
got from which this ‘print was made was de-
- oxidized by the addition of silicon ‘carbide to the

ent invention. The great effect of the silicon

> carbide deoxidation in breaking up and dispers- =
_ Ing segregations of sulfide inclusions is strikingly =~
~ evident from the lesser darkening of this print

In accordance with the process of the present in-

- tlons. The following example shows the effect .
- on the hardenability of a steel by the use of sili-
-con carbide as a deoxidizer. -

65 A molten steel having an analysis showing
ir  0.51% carbon, 0.34% silicon and 0.85% manga-
found in acid electric steel (. e., steel made in ~ nese was divided into three samples.

- an electric furnace having an acid lining) when

taken from castings of the three samples. The

This figure

~sample (A) no deoxidizer was used. In another
sample (B) silicon carbide was added in the ladle =~ -
as a deoxidizer in accordance with the process

- of the present invention and in the third sample

~ (©) boron, known to be very effective in impart-

* ing hardenability to steel, was added in the ladle,
~Specimens for Jominy hardenability tests were = |



tests of the three specimens gave the followlng
results expressed in Rockwell “C” readings:

Distance from End . - —
R A s | c
PO S 67.25 | 58.5 | 50.5
S 14.5~) 20.25| 345

It will be seen from these data that the silicon

9,444,494

10
least 15 mhutes before casting whereby the sili- |
con cerbide is decompoeed a.nd the steel 13 de-i |
oxidized. o

4, The pfocess of producing steel havlns an.-:.-ll.,'

increased yleld point, ultimate strength, elonga- -

tion, percentage reduction in area and quality -

“ factor which includes the stepe of adding to the

carbide, while not improving the hardenability
to as great an extent as the boron, neverthe-

less distinctly and clearly gives & very much

greater hardenability to the steel than it would -

have had otherwise..

It will be evident from the foregolng deserip-
tion of the present invention that the employ-

ment of silicon carbide as a deoxidizer for steel

in accordance with the process therein disclosed
is both simple and extremely effective in produc-
ing steel having an improved microstructure and .

such improvement in physical properties as to

increase its strength, its ductility, and its hard-

enability It will further be recognized that

the description above given is not intended to be-

limiting since it is possible for those skilled in the

art to make many changes in the process sel

forth without departing from the spirit of the
present invention. It is not desired therefore

15

molten steel, as it pours into a ladle from the
furnace at a temperature of at least 2000° F.,
finely divided silicon carbide, in combustiblecon- -~ .
tainers, having a mesh size of 50 and finer iIn . .

the proportion of from about 1.1 to 6 pounds of
silicon carbide per ton of steel, to produce thor-

ough mixing of the silicon carbide in the molten
steel, and retaining the molten steel in the ladle -

| before casting for a period of time sufficient for

20

25

30

that the present invention shall be narrowly con-

strued in view of the foregoing description but 1t castmgs which includes the steps of introducing

- 36 mesh silicon carbide, in combustible contain- '

is desired that it shall be construed broadly and
restricted only by the terms of the appended
claims.
- Weclaim:

1. The process of producing steel having an

35

increased yleld point, ultimate strength, elonga-

tion, percentage reduction in area and quality

40

factor which includes the steps of adding to.the

molten steel pouring into a ladle, as it comes from
the furnace at a temperature of 2900° F. 50

mesh silicon carbide, in combustible containers

in the proportion of about 4 pounds of silicon

carbide per ton of steel, to produce thorough mix-
ing of the silicon carbide in the molten steel, and

~ retaining the molten steel in the ladle for at least

45

15 minutes before casting whereby the silicon car-

bide is decomposed and the steel is deoxidized.
2. The process of producing steel having an in-

50

creased yield point, ultimate strength, elonga-

tion, percentage reduction In area and quality

factor which includes the steps of adding to the '
"~ molten steel as it pours into a ladle from the fur-

55

" nace at a temperature of at least about 2900° F.

36 mesh silicon carbide, in combustible contain-

ers, in the proportion of about 4 pounds of sili-
con carbide per ton of steel, to produce thorough

mixing of the silicon carbide in the molten steel,

60

and retaining the molten steel in the ladle for

* approximately 15 minutes before casting where-
by the silicon carbide is decomposed and the steel |

is deoxidized. |

- 3. The process of producing steel having an in-
creased yield point, ultimate strength, elonga-
tion, percentage reduction in area and quality
factor which includes the steps of adding to the
molten steel, as it pours into a ladle from the
furnace at a tempera.ture of 2900° F., 50 mesh
‘silicon carbide, in combustile contalners. in the
proportion of from about 1.1 to 6 pounds of sili-
con carbide per ton of steel, to produce thorough
mixing of the silicon carbide in the molten steel,
and retaining the molten steel in the ladle for at

the decomposition of the silicon carbide and the -

deoxidation of the steel. (.

- b, The process of producing steel ha.ving an
increased yield point, ultimate strength, elonga-

tion, percentage reduction in area and quality

- factor which includes the steps of adding to the .
molten steel, as it pours into a ladle from the

furnace at a temperature of at least about 2900°

F., 36 mesh silicon carbide, in combustible con- .~
tainers, in the proportion of from about 1.1t08
‘pounds of silicon carbide per ton of steel, to pro-

-duce thorough mixing of the silicon carbide. in
- the molten steel, and retaining the molten steel

in the ladle before casting for & period of time

sufficient for the decomposition of the sﬂicon S
“carbide and the deoxidation of the steel. o

6. The process of producing deoxidized steel |

~ ers, into molten steel having a temperature of -
at least 2900° ¥, as it pours into a ladle, in the
proportion of about 4 pounds of silicon carbide |
‘per ton of steel, to produce thorough mixing of

the silicon carbide in the molten steel, and hold- |
ing said mixture in the ladle before casting for
8 period of at least 15 minutes whereby the sil--

- icon carbide is decomposed and the steel is deoxl- ——
7. The process of producmg deoxidmed steel . .
castings which includes the steps of introducing
36 mesh silicon carbide, in combustible contain-- -~
ers, into molten steel having a temperature of at R

least 2900° F'. as it pours into g ladle, in the pro-

portion of from about 1.1 to 8 pounds of silicon

carbide per ton of steel, to produce thorough_

mixing of the silicon carbide in the molten steel,
-and holding said mmture in the ladle before cast-

ing for a period of at least 15 minutes whereby

the silicon carbide is decomposed and the steel 1s.; = S

deoxidized. o
8. The process of producmg deoxidlzed steel_

- castings which includes the steps of introducing
- 50 mesh silicon carbide, in combustible contain- -
ers, into molten steel having a temperature of
at least 2900° F. as it pours into a ladle, in the =
~ proportion of from about 1.1 to 8 pounds of sili-

" con carbide per ton of steel, to produce thorough

65

mixing of the silicon carbide in the molten steel, .
and holding said mixture in the ladle before cast-

. ing for a period of at least 15 minutes whereby

10

‘the silicon carbide is decomposed end the steel
" is deoxidized. )

9, The process of producing deoxidlzed steel, |

" castings which includes the steps of introducing
50 mesh silicon carbide into molten steel hav-
jng a temperature of at least 2900 F, as it pours
“into a ladle, in the proportion of from about 1.1

- to 8 pounds of silicon carbide per ton of steel

75 to Droduce thorough mixing of th o Slllcon cer- o




ll " - 12

bide in the molten steel and. retaining aald mlx- sltlon of the silicon oa.rbide and the deoxldation"_'

- ture in the ladle before casting during the time 'f | ot tho steel
~~ necessary for decomposition of the eilioon car- . | WILLIAM -ANDREW BROWN,

_bide and the deoxidation of the steel. | L _' n mchs smm H-EEMAN
- 10, The process of deoxidizing steel by the use .5

- fiof 36 mesh silicon - carbide which includes the REFERENCES CIT-

steps of introduclng sald silicon carbide into mol- __
ten steel at a temperature of at least approxi- ﬂle of ‘this patent:

- mately 2900° F'. as it pours into a ladle, thorough-

~ and retaining sald mixture in the ladle berore Numher

1y mixing said silicon carbide and molten steel 10 UNITED STATEB PATENTE

Name = Date

i ca.sting during the time Decessary for decompo- 585036 Hunt ___E_-__________ J_une 22, 1397

Tho following references are of record in the
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