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This invention relates to an:additiol material
and a method of using it in mejteh irén-and stéel
and more particularly relatests.a material and
method for making chromium- -additions te
molden: steel. . o

In the manufacture of chromium-containing
iron.or steel it-ds-the-general-practice to add ‘the
chromium to-thé molten. bathdn:the furnace in
the form.of ferro-ehremium. Themost-common
form of ferro=chremium:presently used is-that
knoéwn as “standard high carbon ferro=chreme”
whieh- -contains- about B5% to '10% chromium,
49 to- 79 carbon and-abouf 2% maximum’sili=
con. In the manufacture.of chromiium steels in
epen: hearth- furnaces, the ususl procedure -is o
work the:¢arhon:content.ef ‘the molten steel bath
down to the desired point then to “bloek” -or
“kill” the heat of steal--and finally to- add the
ferro-echromium. If the c¢hromium: conterit of
the steel is-over 2%, it is frequently the prac«
tice- to. heat the ferro~chromiumi: before adding
it to. the furnace.in -ordef to premote: its-selu=
tion and to:prevent.chilling6f the bath: In.any
event, from:20 1060 ahihutes:are usually reguired
to,make-chromium mdditions tothe bath ‘heéause
the ferro=chromium hasa highmelting:peintand
goes-into the: solution slowly: ‘Moreovet; .due-to
the fact that ehromiwm isireducing i1 its: action
recovery, of. chrominsdr. in:fhe:steel depending;.at
least in part, upon the carbon content théieof,
i low.and varies-generally - from 709 o 86%:.

The high meiting poibtand low. rate-6f g0l
tion:of ferro=chromiun alloys: 8- R e
inipossible in-the past to meke any ap

additions of ferroschomiim-or:férto=chyothiuti= :

silicon directly to the ladle.

Various means have been proposed to overcome
these difficulties and improve the recovery of the
chromium added to the bath. For  examble;
ferro-alloys of chromium containihg silicon;
manganese, aluminum or combinatiohs of these
elements have been suggested; Iowever, they
have not been the answer té:the problem al-
though some of the proposed ‘alloys have been
an improvement over the straight- ferro-ehrome
alloys.

1 have discovered a material suitable for mzk-

ing :chiotitiutn :additions t6:molten 5teel ‘both in
; o iethed’ of

die
ally bverceiney these dif-
bty

a-viclent exothes

clean steel, Fres frony chtomilim segregdtiont. * -

10

30

49-

45

58

I have discovered that ferro=chromium: alloys
¢omprising generally 5% 1o 70% chromium, up
679 carbon, up to 50% silicon and the balance
substantially iten-in finely divided particles hav-
ing o Maximuin sizg:of about one-half inch.and
coated with & wettinig -agent will enter into so=
lution: in wnclten iron-and steel at a greatly fa-
cilitated :solutich rate:amd will produce a higher
and more edonomieal recoveéry of the chromium.
I have found a number of wetting agents which
aze-suitedle for -coating the ferro-chrome alloy
particles do-produce the material of this inven-
tion. 'The ‘wetting -agents of this invention can
consistof any material which will lower the sur-
faee tension of ‘the molten slag or the metal to
whichi-the ferro-chrome is-added. = The preferred
wettiny agents for usein my invention are those
wliich contain available free oxygen such as the
alkali-metal nitrates; chlorates, peroxides, cbro-
mates, permanganates; the organic peroxide
compounds such asurea peroxide, acetic peroxide
ands benzoyl peroxide. :However, other wetting
agents maybe successfully used, for-example, the
allzalizthets] salts of thechalogens. I believe that
these wetting: agents promote the formation of
an-oxide film upon the surface of the ferro-alloy
which oxide filn in- turh periiiits the molten
mebal-to et the :exposed surfaces of the ferro-
slloy.-and more readily-dissolve it. :
T havé foung that in.order to obtain the max-
imuni effeétiveness +6f my invention the chro-
mimmscontaining ferro=alloy must be crushed to
5 rélativély finely divided-state, i. e:; below one-
half: theh and preferably below a maximum par«
ticle size of about ohe:squaitetr inch. - The web~
ting agent may be applied to the ferro-chrome
particles in any suitable manner as by spraying
or immersing the particles in a water solution
of the: Wettihg: agetit and then removing the
water By evapération-or-by spraying or immers-
ing the ferro-alloy paiticles in -the molten web-
ting ageitt. The film of ‘wetting agent which ad-
Kéres toithe chromium ferro-alloy particles may
viry id amount and thickness fepending upon
the results desiiéd, the wetting agent used and
the particle sizé of the ferro-alloy. However, I
‘have found ‘that it is not desirable to have more
5oh-6f the wéttihg agént'in any given mix-
besaiise the: eXcess wetting agént is of no
8! thering the- chrérmium-containing
i ditien. It is°0f Goutse obviots that
if’ the fef¥o-chiomilitn particles as first treated
ate insutficiently couted after drying, the amouft
of ‘wetting ageitt can be' inereased by repeating
{He process a8 I have already pointed out.
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In order to show the effectiveness of the coated
chromium-containing ferro-alloy of this inven-
tion several heats were made, some using stand-
ard chromium alone and others using the coated

4

not affected by the additions nor was the inclu-
sion count materially altered. The above exam-
ples show that it is possible by the use of the
material of this invention to produce chrome

material of the present invention. & steels in open. hearth practice by the addition
In Table I here below, a series of heats are of crushed chromium-containing. ferro-alloys to
tabulated using standard high carbon-ferro- the ladle. This improvement, in addition to sav-
chrome additions according to the practice of the ing a large percentage of the chromium added,
prior art. cuts the time of the heat in the furnace from 15
Table 1 : ’ o
PF'Ounds Residual | Chr Total | Final | Chr P :
- me | To
Heat No. Type Ch?-%rx%e C%?rlozlxlze Adged Chro?ne Chrome, L&l;xe %foe::t
Added
8640 2,000 .18 .53 L 62 .09 16.98
8620 , 850 24 .49 .73 .66 .07 14,29
8645 | 2,100 .18 .57 .75 .60 .15 26.32
8620 2,000 .21 54 .75 .68 07 12.96
8645 2, 600 .24 .53 N .66 .11 20.75
8617 1,300 .21 .35 .56 .51 .05 14.29
8122 1,100 15 .30 .45 .40 .05 16. 67
8620 2,100 .17 .56 .73 .58 .15 26.79 .
8620 2,200 12 162 T4 .63 11 17.74
8617 1, 700 .18 .45 .63 .51 .12 26.67
94B17 600 .20 .16 .36 .33 .03 18.75
Reference to the above table will show that the to 40 minutes, over the standard practice in the
average loss of chromium in making the above industry.
heats using standard high-ferro-chromium : is While I have described a preferred embodiment
about 19.3% which is in general agreement with and practice of ‘my invention, it will be under-
average practice on this type of steel. 30 stood that it may be otherwise embodied within
Several heats were then made in. the same the scope of the following claims.
manner as those of Table I except that ferro- I claim: . .
chrome-silicon twenty mesh down and eight mesh 1. An addition material for making chromium
down coated with a wetting agent were added additions to a bath of molten steel comprising a
to the metal in the ladle. Heats Nos. 1, 2, and 3 35 mixture of finely divided particles of a high
were made by adding ferro-chromium-silicon chromium-containing ferro-alloy coated with a
twenty mesh and down coated with sqdium ni- wetting agent not exceeding about 5% -of the
trate. The analysis of the material was 53.57% mixture.
chromium, 13.03% silicon, 4.64% carbon, 3.89% 2. An addition material for making chromium
sodium nitrate and the balance substantially iron. 40 additions to a bath of molten steel comprising a
Heats 4 and 5 were made by adding ferro- mixture of particles of a high chromium-con-
chromium-silicon twenty mesh and down coated taining ferro-alloy having a maximum particle
with sodium nitrite. Analysis of the coated prod- size of about one-half inch coated with not ex-
uct was 53.25% chromium, 12.95% silicon, 4.609% ceeding about 5% of a wetting agent.
carbon, 4.24% sodium nitrite and the balance 3. An addition material for making chromium
substantially iron. Heat No. 6 was made by 45. additions to: a bath of molten steel comprising
adding ferro-chromium-silicon eight mesh and a mixture of finely divided particles of a high
down coated with sodium chlorate. Analysis of chromium-containing ferro-alloy having a maxi-
the finished product was 56.96% chromium, mum particle size of about one-quarter inch
1340% silicon, 3.56% carbon, 3.20% sodium coated with not exceeding about 5% of a wetting
chlorate and the balance substantially iron. 50 agent. -
Heats 7 and 8 were made by adding ferro- 4. An addition material for making chromium
chrome-silicon eight mesh and down coated with additions to a bath of ‘molten steel comprising
sodium nitrate. Analysis of the coated product a mixture of finely divided particles of a high
was 56.12% chromium, 13.45% silicon, 3.87% chromium-containing ferro-alloy coated with not
carbon, 2.66% sodium nitrate. ) : 65 exceeding about 5% of a wetting . agent capable
Table 1T -
Pounds | Residusl| Ch: Total | Final | Chr
Heat No. | T9De | Fo(rsi | Chrome | Added | Cheeme | Onny, | Chrome | Percont
1,400 .21 .30 .51 .50 .01 3.33
2,000 .21 44 .65 .63 .02 4.55
2,050 19 48 .67 .64 .03 6.25
1,800 .25 .40 .65 .66 +.01 +2.50
1,750 .25 .36 61 .60 .01 2.78
650 .20 L4 .34 .33 N A S
2,200 17 .51 .68 .69 +.01 +1,96
2, 200 .16 601 .66 .64 .02 2.50
The average loss of chrome is about 2.76% of promoting the formation of an oxide film on
which is approximately a saving of about 16.5% the particle surface.
chromium over the standard practice illustrated 7¢ 5. An addition material for making chromium

in Table I, thus showing the effectiveness of the
wetting agent in increasing the recovery of
chromium. These heats passed all tests for
segregation of chromium and were satisfactory

additions to a bath of molten steel comprising a
mixture of particles of a high chromium-con-
taining ferro-alloy having a maximum particle
size of about one-half:inch coated with not ex-

in every respect. Grain size of the steels was 7§ (:eedmg- about 5% of a wetting agent capable of



2,639,232

5

promoting the formation of an oxide film on the
particle surface.

8. An addition material for making chromium
additions to a bath of molten steel comprising
2 mixture of finely divided particles of a high
chromium-containing ferro-alloy having a maxi-
mum particle size of about one-quarter inch
coated with not exceeding about 5% of a wetting
agent capable of promoting the formation of an
oxide film on the particle surface.

7. An addition material for making chromium
additions to a bath of molten steel comprising
5 mixture of finely divided particles of a high
chromium-containing ferro-alloy coated with not
exceeding about 5% of a wetting agent of the
group consisting of alkali nitrates, nitrites, chlo-
rates, peroxides, chromates, permanganates, the
organic peroxide compounds and alkali-metal
salts of the halogens.

8. An addition material for making chromium
additions to & bath of molten steel comprising
5 mixture of particles of a high chromium-con-
taining ferro-alloy having a maximum particle
size of about one-half inch coated with not ex-
ceeding about 5% of a wetting agent of the group
consisting of alkali nitrates, nitrites, chlorates,
peroxides, chromates, permanganates, organic
peroxide compounds and alkali-metal salts of
the halogens.

9. An addition material for making chromium
additions to a bath of molten steel comprising
a mixture of finely divided particles of a high
chromium-containing ferro-alloy having a maxi-
mum particle size of about one-gquarter inch
coated with not exceeding about 5% of a wetting
agent of the group consisting of alkali nitrates,
nitrites, chlorates, peroxides, chromates, perman-
ganates, the organic peroxide compounds and
alkali-metal salts of the halogens.

10. An addition material for making chromi-
um additions to a bath of molten steel compris-
ing a mixture of particles of ferro-alloy com-
prising 5% to 70% chromium, up to 7% car-
bon, up to 50% silicon and the balance substan-
tially iron, said particles being coated with not
exceeding about 5% of a wetting agent.

11. An addition material for making chromi-
um additions to a bath of molten steel compris-
ing a mixture of particles of ferro-alloy com-
prising 5% to 70% chromium, up to 7% carbon,
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up to 50% silicon and the balance substantially
iron, said particles being coated with not ex-
ceeding about 5% of a wetting agent of the
group consisting of alkali nitrate, nitrites, chlo-
rates, peroxides, chromates, permanganates, the
organic peroxide compounds and alkali-metal
salts of the halogens. :

12. The method of adding chromium to mol-
ten iron and steel which comprises coating finely
divided particles of a high chromium-contain-
ing ferro-alloy with a film of wetting agent
which will permit the chromium ferro-alloy to
be wetted by the molten metal and adding the
coated finely divided particles of high chromi~
um-containing ferro-alloy to the molten metal
whereby the particles of ferro-alloy are sub-
stantially immediately wetted by the molten
metal and go into solution therein.

13. The method of adding chromium to mol-
ten iron and stee! which comprises coating par-
ticles of a high chromium-containing ferro-al-
loy having a maximum particle size of about
one-half inch with a film of wetting agent which
will permit the chromium ferro-alloy to be
wetted by the molten metal, said wetting agent
making up not more than 5% of the resulting
composition and adding the coated particles of
ferro-alloy to the molten metal whereby the par-
ticles of ferro-alloy are substantially immedi-
ately wetted by the molten metal and enter into
the solution therein.

14. The method of adding chromium to mol-
ten iron and steel which comprises coating par-
ticles of @ high chromium-containing ferro-
alloy whose maximum particle size is about one-
half inch with a film of wetting agent of the
group consisting of alkali nitrates, nitrites, chlo-
rates, peroxides, chromates, permanganates, the
organic peroxide compounds and alkali salts of
the halogens and adding coated particles of
ferro-alloy to the molten metal whereby they
are substantially immediately wetted by the mol-
ten metal and enter into the solution therein.

JAMES C. VIGNOS.
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