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This invention relates to a process for making a ferro-

alloying material and to the product produced by the

process.. . More particularly, the invention relates to a
vacuum furnace process for making a low carbon ferro-
alloying material containing at least two alloying metals
one of which is derived from (a ferroalloy of) the group
of ferroalloys consisting of ferrochromium, - ferromanga-
nese, ferrotitanium, ferromolybdenum, ferrotungsten, fer-
rovanadium, ferrozirconium and ferrohafnium and the
other of which is obtained from a material containing an
‘oxide of nickel or cobalt. Mixtures of the ferroalloys
and of the metal oxides may, of course, be employed in
the process. - v .

The invention also relates to a ferroalloying material
that is especially useful in making alloy steels and other
ferrous alloys. :

An object of the invention is to provide a process for
the production of new ferroalloying materials including
in addition to iron at least one of the metals nickel and
cobalt and at least one of the metals chromium, manga-

nese; - titanium, molybdenum, tungsten, vanadium, zir-’

conium and hafnium, .

A further object of the invention is to provide a proc-
ess for the production. of the ferroalloying materials de-
scribed in' the immediately preceding paragraph that in-

volves a vacuum furnace treatment that lends itself ‘to -

simple, efficient and economical practice.

Another object of the invention is to provide a ferro-

alloying material that is low in carbon and hence is
highly desirable for use in the manufacture of high alloy
steels.

Another object of the invention. is to provide an alloy-
ing product that is readily soluble in-steel baths whereby
the alloying materials. are easily “incorporated in steel
melts in open hearth furnaces.

Another object is to provide a composite ferroalloying
material whereby two or more alloying metals may be
added to a steel bath in a single operation. R

Another object is to provide a product that may be
reduced to powder.
compounded with other materials to form an exothermic

product that may be added to steel in the ladle. = Ex- .

othermicity may be supplied; for example, by a. silico-

and sodium nitrate. : Co :
The foregoing and other aims, objects and advantages

thermic reaction in which the reactants may be silicon-

of the invention as may appear or be inferred from the .

following text -are realized in a process for making a
ferroalloying material which comprises reacting in con-
tact with each other (1) a metal carbide such as medium
to high carbon-containing ferroalloys of chromium, man-

ganese, titaniom, molybdenum, tungsten, vanadium, -zir- -

conium or hafnium or mixtures thereof or inter-alloys of
the same with (2) a material containing substantial

amounts of nickel oxide or cobalt oxide or mixtures

thereof. The reaction’is carried out by heating the

materials in a confined zone under conditions of sub-
atmospheric or low, absolute pressure to a temperature - -

The powdered material may: be-
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and for a time sufficient to effect reaction between the
oxide-containing material and the carbon-containing ma-
terial with substantial reduction of the oxide-containing
material to metal and substantial oxidation of the carbon
of the carbon-containing material to carbon monoxide.
Carbon monoxide or a mixture thereof with carbon di-
oxide and other gaseous impurities and products is with-
drawn, preferably rapidly, from the confined zone. When
the reaction is complete a metallic residue remains in .
the confined zone that is low in carbon and includes
nickel and/or cobalt plus one of the metals chromium,
manganese, titanium, molybdenum, tungsten, vanadium,
zirconium and/or hafnium in addition to iron. The
product also may contain. small amounts of silicon and
minor amounts of oxide impurities such as SiOz, CaO,
MgO, Al203 and the like.

In carrying out the process, the ferroalloy that con-
tains carbon is comminuted as by grinding to fine par-
ticle size. The particle size of the material may be re-
duced to a point where substantially all of the material
passes through a 100 mesh screen with a substantial
portion of the grind being small enough to pass a 200
mesh screen. The metal oxide, such as nickel oxide, if
not already of sufficiently fine size is reduced as by
grinding so that most of the material passes through a 100
mesh screen. )

Taking into account the carbon content of the ferro-
alloy and the nickel oxide and the purity of the nickel
oxide-containing material, a mixture of the finely ground
ferroalloy and nickel oxide-containing material is pre-
pared wherein the amount of nickel oxide is so calculated
with respect to the quantity of ferroalloy that sufficient
oxide is provided to oxidize all of the carbon of the ferro-
alloy to carbon monoxide. A slight excess of nickel
oxide may be incorporated in the mixture and sufficient -
excess may be.incorporated to provide for oxidation of
the silicon of the ferroalloy plus other minor ingredients
capable of oxidation. ) .

It is desirable to form the mixture into agglomerates
or briquettes and for this purpose a binding agent is
incorporated with the mixture. Any suitable organic or
inorganic binder may be used. It has been found that
a binder known as “Goulac” is suitable. “Goulac” is a
powdered binder derived- from waste sulphite liquor and
includes lignin sulphonate as a principal binding in-
gredient. The amount of binder that is used may be
about 2% by weight of the mixture, but amounts of
binder ranging from %% to 4% may be used. It is
desirable to use a minimum quantity of binder and the
amount of any particular binder that is employed is

_readily determined by simple experimentation.’

The mixture is formed into agglomerates as by sub-
jecting the mixture to a roll-pressing operation to provide
agglomerates of proper size. The size of the agglomerates
may range from one-half inch to two or three inches
more or less. After pressing, the agglomerates are dried,
if necessary, at a low to medium drying temperature.

Where Goulac is used as binder, the dried agglomerates
may. be heated to a somewhat higher temperature of
say 450° C. to partially decompose and drive off part
of the binder from the agglomerates. This operation is
performed without vacuum so that the gaseous products
are not carried through the vacuum system.

The decarburizing reaction is carried out in a . con-
fined zone such as is provided in the interior space of
a vacuum retort. Suitable vacuum pumping equipment
is provided to maintain the necessary low pressures in
the retort. )

Depending upon the size of the vacuum retort, a
charge of agglomerated reaction mixture of suitable size
is introduced into the retort and the retort is thereafter
closed and placed under vacuum. If not already hot,
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the retort is- heated to the desired reaction temperature
and kept at reaction temperature for the time necessary,
to decarburize the mixture under the vacuum conditions
imposed. ' It is’ desirable that” the vacuum system have
ample capacity 'to Wwithidraw ‘the gases evolved in” the ‘e

action ‘at-a rapid enotigh Tate to ‘maintaif the pressure’ ’_
de-

in"the reaction vessel at’:snitable low ‘valties,” s
sirable that the pressure in the vacuim retor be redu
as rapldly ds possible'to ‘about 40°to 50 mm. of mercu Y.
It-is further ® desirable that” the. final pressure in the 10
vacuum’ rétort when "the last’ mcrements of carb\ n mon-
oxide 'are bemg withdrawn be reduced o a yalx
order of' ‘150 icrons of - mercury or less. S
Temperatures &f-the ‘order-of' 1200°°C. are.su
to promote ‘the’ decarburlzatlon ‘of the' 'm ture”’ ’
ever,- temperatures rangmg from 1000 C’ .to 14
may be employed -
The time of Teaction W1ll vary w;dely depending upon
the agglomerates employed 4nd the h 1

few hours to several days. -

it is desitable to cool the residue after the reaction is
complete ‘and before exposmv ‘th restdue to th T
phere, this in order ‘to ehmmate ot mi mize oxid t
of "the resrdue Preferably THe", retort 'and res1due a
cooled to; a temperature below abo

phere.
from ‘the retort auc_l_ cooled ‘in the ‘atmosphere th i
The “Tesidue from the vacuum furnace operatlon in
general maintains its agglomerated form Althoug some
shrinkage does’ occur, the ‘brrquettes retaln their ormmal 3-)
shape without breaking into ﬁner pieces or partlcles vVthh
would not be desrable in the final product “The anglom-
erates ‘are “sintered, “porous, -dense aggreoates ‘of finely
dtvrded particles that are low"in carbon and in addmon ‘
to irofi Trom ‘the ferror-alloy they ‘contain the’ alloy metal 40
or ' mietals, such “as’ chromium 'f the ferroalloy and a’
metal such as nickel and/or cobalt of ‘the ‘oxidant, “The
residue’ agglomerates aré “high in metallic’ content
in slag contéfit ‘and are low to extremely low m carbon’
content.: Carbon ‘analyses less than 0: 10% are readrly‘f4)
attained ‘and carbon” analyses as 1‘ as 001 to 002%
may ‘be attained. o ’

The resrdue agglomerates may be mcorporated dlreet-

open hearth"or electric furnac

Although’ the residiie’’ agglomerates are.non
ordinary ‘hindling “and  shipment, they are”
friable 'that 'théy may''be coflve :d‘
terial by convcntxonal methods

proportxons
may mclude the powdered alloymg mat
tion. " Stich ‘éxothermié¢ tixtiires are em1
for ‘miaking” ladle additions 'to ‘steal, ;
Typrcally, ‘the ferroalloymg ’naterlals of the mventyon
are in the form of s1ntered porous dense ag regates 5f

mium, manoanese, tltamum, molybden m,
vanadium, zirconium"and’ hafmum in’ {i
fromi"25% ‘to 65%, 'and ¢afbor in amounts rz
0.01% to 0. 15%, the alloymg ‘metal’ cont -
aggregates bemg greater than' 45%,. the balanc bem;; 70
substantially all iron except for incidental meétal
metalllc oxide constrtuents

In operatmg ‘the vactium’ 'fumace for. the decarbur'z y
tion ‘of the reactlon n‘nxture, it is 1mporta_r1t that, afier
mmal out-gassmg of the charge, the. pressure. :should be,./ 75

final carbon analysm 1\5 too.

‘ ‘wrthdrawn

4.

msofar as possible, continuouisly lowered throughout the

-.¢ourse of the reaction to-its final end value of “150 ‘mi-

crons, more or less. By assuring continuous withdrawal
of carbon monoxide from the aggregates in the vacuum
retort, the pores of the aggregates are kept open and the
final desired low carbon analysis,is realized. . By main-
tammg continuous flow. ,of, gas from, the retort and, conz.,
' 1owering . the, LPTEsSIre, . hlS destred,r sult;qxs ‘
- On the other hand, if ‘gas is not continuously
withdrawn throughout, the, reaction; period,: the..pores :0f.:
the .aggregates are. llkely, ta; beeome sealed off:and there-
after. thé réaction.rate.is reduced.fo a-low. order.and-the
igh.

The principal reaction. that takes ace in the vacuum
retort is summarlzed for example, in he following equa-
tion: :

(Ee

22Cra), zC+N}0—kN1CO+Z€~FezCry)

alloy: "with" onco e
metallic- state. Thereaft‘erh, the chromlc ox1de 50 f med

to “yield carbon rnonoxxde that 1s evo ved as a ga

*1h this stage of the réaction the chrome of
the ‘chiomic: oxide is-reduced -to the metallic’ state. The
net reactlon _appears. to be: that g1ven in_the: equatlon ‘

above.”"

The ‘invention will-be .described with greater particu- :
larlty m the followmg detatled examples

E‘cample L.

The materals employed in thls example.are as follows; ..

Percent.--
53 104‘.‘ -

(1) ngh Carbon Ferrochrominm.:...

3)% »Ggulac.f
(4). Glucose.

The, nickel; oxide; and. the, hlgh carbon. ferrothommm

Glucbsé i

The.intimate.mixture. is-briquetted-in-a. Komarek-Greaves -
Rotary.Press; to provide-pillow blécks-measuring approxt- "
mately.i1”’ix 1/%x 2% The green. blocks are.dried in:a- -
warm oven at 100° C. for a period of a- few. minutes. to- -
form_a: driéd; skin. thereon. that enables:the. blocks- to be
handled; without bréakage in-subsequent.furnace- opera- -
tions.;.. The:.dried blocks; are. then- preheated 104508+ Cu
and;; held .at. this: temperatiire: foria périod of from 1 to...
2 houfs 10.complete.ihie.drying. of the:blocks.and- to.drive-
off-thesbulk iof -the ‘Goulac..~. Thes brlquetted blocksare -
charged..to.a. vacuum .retort;:tube-which :is subsequently» ‘
raised:tolan.operating. temperature .of - 12088-€.«: Prior:-
to héating, .they retort.is: sealéd-and. . vacium.is applled. 9
Thereafter: the chargé.is heated..for a: period. ofiten.:.
houx;s, the vacuum bemg mamtamed thmughout the I'CaC'u_

tmuou,sly. _lgcmg reduced. runt;l at the: end .of the ,r_eacuont o
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period of pressuie is 80 microns and gas: evolutlon is’ sub-, -

stantially nil.

The retort is allowed to cool for a- penod of 24 hours‘ !

to a temperature of 350° C. The residue is then dis-
charged into the atmosphere and allowed to cool to nor-
mal room temperatures.

The blocks although somewhat shrunken in size retain
the general shape of the blocks as charged to the retort.
They are metallic in appearance and exhibit a micro-
scopic porosity. They are hard and dense.

147 1bs. of residue is obtained analyzing:

10

156

"~ Percent
Cr 34.98
Ni 34.95
Fe 22.84
Total Si as SiO2 5.86
C. 0.027

Example 11

The materials employed in this example are the same
as those used in Example I except that cobalt oxide, CoO,
is substituted for nickel oxide. The materials are mixed
in the following proportions:

Pounds
HC FeCr - 100
CoO ... ~ 70
Goulac 35
Water 2.6
Glucose 2.0

The mixture is briquetted, dried and subjected to a

vacuum furnace freatment in the same manner as the
mixture of Example I, The vacuum furnace product is

20

25

30

similar in appearance to that obtained in the immediately -

préceding example. 149 lbs. of vacuum furnace residue
is obtained having the following analysis:

Percent
Cr- 34.90
Co . 3499 .
Fe __. 23.06
Total Si as SiO2 5.57
CZ ) 0.049

Example I

This - example 1llustrates large scale production of low

carbon iron-chromium-nickel alloying material.
The materials employed are as follows:

35

- 40

45

50

(1) High carbon ferrochromlum Percent
Cr 53.04°
Fe 32.24
Si- 4.34
-C 7.01
(2) Nickel oxide: Percent
NiO .- — 994~
(3) Goulac.

The high carbon ferrochromium and the nickel ox1de are -

ground to pass a 100 mesh screen with 70% through a
200 mesh screen.

The materials are intimately mixed in the following
proportions: .

Pounds
HC FeCr 6,880
NiO ... 4,820
Goulac ___ — _— 241
Water —— 179

The mixture of ingredients is briquetted, dried and

55

60:

heated to about 450° C. to drive off most of the binder

and all of the residual water.

The dried briquettes are charged into a vacuum retort
internally heated by electric resistance elements, the re-
tort being at room temperature. The retort is closed and

vacuum -is applied. The heating elements of the retort-
are energized and the charge comes up to a temperature . -
of 1200° C..in'24 hours at which time the pressure within

70

75

the retort is 2,000 microns. The furnace temperafute is -
maintained at 1200° C. for an additional period of 106 -
hours; the furnace pressure is still 2,000 microns at the"
end of 26 hours.
pressure is-800 microns. The furnace pressure drops to
250 microns at the end of 75 hours and to 50 microns at
the end of 94 hours. A pressure of 50 microns is main-
tained in the furnace until the power is cut off at 106
hours. Thereafter the furnace is allowed to cool for an
additional period of 95 hours and is opened to the atmos-
phere at a temperature of 320° C. and discharged. '
The residue -is in the form of the original briquettes
that have shrunken in volume to approximately one-half
of the volume of the briquettes as charged: They have
a bright metallic luster, are hard and dense and have a -
microscopic, porous appearance. ’

The vacuum furnace residue weighs 10, 000 Ibs. The -
residue has the following analysis: ) :
Percent. .
Cr 35.14
Ni 34.89
Fe 23.24
Total Si as SiO2 5.03
C 0.043

Example 1V

This example is typical of the production of a Iow car-
bon iron-manganese-nickel alloying material from high
carbon ferromanganese and nickel oxide.

The materials are as follows:

(1) High carbon ferromanganese: Percent
“Mn 80.67
Fe . - 11.47
Si 0.235
C 6.87
(2) Nickel oxide: . Percent
. NiO 199
(3) Goulac.

After grinding the high carbon ferromanganese and .
nickel oxide to pass a 200 mesh screen, the materials are
mixed as follows:

44 -

Pounds )
HC FeMn ___.__.__.__. — 100
NiO : 3 s
Goulac . . 3
Water - 2

The mixture of ingredients is briquetted and dried.”
The dried briguettes are placed in a vacuum retort for a. .
period of 12 hours at a temperature of 1200° C. under -,
an_initial vacuum of 500 microns of mercury and final
vacuum of 60 microns of mercury. At the end of this .
period, gas evolution has subsided to a very low value.

The retort is cooled and the contents discharged. The .
residue weighs 131 1lbs. and has the followmg analysis: .’

Percent -

Mn ieem 6530
Ni - 25.65 -
Fe o .- 8.50

Si as SiOz 0.46

C

0.083

. The residue is metallic, porous and hard. S
From the foregoing description it will be seen that the
present invention provides a very useful process for pro- -
ducmg low carbon ferroalloys that find ready application. .
in the production of alloy steels. :

I claim: E

1. A process for making a three-metal furnace addmve =
for use in making stainless steels which comprises re-
acting in the solid state a material containing a substan- -
tial proportion of a metal oxide selected from the group
comsisting of nickel . oxide .and .cobalt oxide in intimate -

At the end of 46 hours the furnace *-



|| zone underconditions ‘of-Jow- absoluie pressure to- - tem-
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loy: material v
lected' from ferm;xlloys of h;:

'conﬁned zone.under: eondmons of Jow absolute pressure.::
;the pomt»"of substantlal fusion.of: -
d.mat “atime:sufficient :to fF t..reaction-
" between.the metal. oxide:cont:
‘oalli ubsmntlal reducuon of: the: m

etal of the. :

. ,substannally all in the metaihcd‘ state::
. 12, A process for making ‘a three- metal, furnace addic
tive foga Bise: in! making ‘stainless: steels contammg iron, 20
mcke]s -and chromium which comprises reacting in the solid: >
qkel oxide-with ferrochromium containing a sub-" .
I -amount of ‘carbon-by heating an-intimate mixture gL
of said mckel ‘oxide ‘and: said ferrochromiumsina confined’ ;

25

' iperature below the: point of substantial fusion ‘of said ma-:
‘terials and for a time sufficient-to.effect reaction between :
the ‘nickel oxide ‘and the ferrochrormum with substantial,

: 'reduetton of the, mckel oxide, to metalhc nickel and ‘sub:
stantial oxidation’ of the carhon of ‘the! ferrochromipm to’ 30
an: oxide of! carbon, and thhdrayvmg the ox1de of carbon

‘ ‘formed in the reaction from said" conﬁned zone, whereby

- to:yield:a residue low inucarboni and: tncludmg metalhe ‘
: ,1ron, nickel and chromium. | :
| BiiAs process for. making a!threesmetal | ”_ace addi-* 35

thB{-fO!,'; ' makmg stamiess stegiis_ cont: ng iron,ico-

. baltvand ch romium which_comprises reacting in the solid’ @
. state_cobalt oxide ‘with ferrcchromium ‘containing a, sub-,‘,.

-stantlal amount of icarbon by heating an intimate rmxture

‘of 'said! cobalt- oxide ‘and: said ferrochromium in ja‘con:. 4

‘fined zone under conditions of low absolute pressure to'a’

temperature-below. the; point: of substantial fusion:of:said

materials -and:for-a time: .sufficient.to: effect reaction be=;:
tween the cobalt oxide and the ferrochrommm with:snbsi:
stantial-reduction of the cobalt oxide to metallic cobalt
and:substantial oxidation of the carbon of the ferrochro-::45:
miam to_an oxide_of carbon, and w1thdraw1r;g the oxide
of carbon formed in the reactlon frgg;_ said. conﬁned 701

4; A Erocess “for makmg a three-metal furnace- addt-z 504 mix;

t1ve for use; in- makmg stamless steels contammg iron,

a su stanttal amount of carbon by heatlng an mtlmate
mlxture of sald mckel ox1de and, said, ferromanganese in -85y
a conﬁned zone under condmons of low absolute pressure

to a temperature below the point of substantial fusion of
said..materials and for a time sufficient to effect reaction
betweem the _nickel -oxide. and the. ferrornanganese with.7:

substantial | “metallic nickel:: 60
and;substar i . carbon of I o
gangse:fo & e of arbon, and Wlthdrawm(7 the 0x1de
of carhon formed in the reaction from said confined zone,
Whereby to yield a reSIdue fow in carbon and including
metallic iron, nicket and manganese. - 657
55A process for. makmg a- three-metal-furnace -addi-
tive-for-use-in makmg stamless steels which: comprises Te<
acting ‘in-the solid state a- matenal containing-a substan--

tial proportion of nickel oxide-in -intimate -contact -with -

. acting,in the;solid. state.a, matena! :containing;a substan«m
ng»matenal and the; fer— 10 stial proportion of.a.metal, oxide selected: from1t

. : due-low in-carbon-inchuiding the-metal-of the-metal-oxide

: twe,,for use. i

: sohd state. aickel;oxide, withiferrochromiom, contamm a'

s

nickel: oxide: to;metallic, mck.el‘ and: substantialioxidation.
of the carbon of the ferroalloy to an oxide of carbonsan

; wnthdrawmg the, oxide .of .carbon formediin the, reaptum' B

onﬁn s+ whereby toyyield: a. metallic . |
ik carbon including nickel .and .the metals.of. .+

i :the fetronlloy in the metallic state.

6:A -process for:making. a three-metal: fumace addlm :
tlve for nsesin. makmg‘ stamless steels which, comprises.tes.

“¢onsisting ‘of nickel, -oxide. and, cobalt, oxide in: mt,ma»te
‘eontact. with a ferroalloy material containing a substantial’
amonnt of carbon selected from ferroalloys of the group. - :
.- copsisting : of ' ferrochromium, ferromanganese, ' ferroti-:y. -
my: ferromolybdenum, ferrotungsten, ferrovanadlurn,“
Ierr‘ zirconium, ferrohafnjum, and  mixtures- angi <OMy,.-:

. posite, alloys thereof by heatmg said :materials in acon-...

‘fined Zone at a temperatire: below the point of substantial’
. fusion: of 'said materials of:from.1000° C. to 1400° /C., at:,
.a: pressure of about 150 microns: of mercury at the end of:
“the: reaction period-and:for-a time sufficient tor effect reace
tion: between the-metal’ o*nde-contalnmg material -and the -+

P ferroailoy w1th substantial reduction-of the metal: of: the o
. metal oxide to the metallic state and:substantial: oxidation:--

of the‘carbon of the ferroalloy to an oxide of carbon, and: .
thhdrawmg -the-pxide-ef-earbon- formed-in-the-reaction:| .
: from: said confined -zone;-whereby-to-yield a- metallic. resi

contalmng-materxal and-the-métals of-the-ferrealloy sub~
stannally :allin-the-metallic state.-
7. A prpcessufor making: a three metal; furnace., addx-
:making stamless,*steels contammg drom,.. i
ad,, chromium. .which - comprises: reacting  in; the:...

substantial.amount of carbon by heating an. mtxmate,mng
“ture. of said nickel oxide and said ferrochromium ina;cons |

. fined.zope at a temperature below: the point of substan- :

tial fuston of said materials of from 1000° C. to. 1400° C
‘at a pressure ‘of about: 150 microns of mercury ‘at the end’
. of the geactioll period and for a time sufficient to-efféct;
reactmn between the nickel oxide and the ferrochroninn
with, tsubstantlal tediiction of the nickel oxidé to metallic -
nickel and sitbstantial oxidation of the carbon of the férro-
chromium to an oxide of:carbon,-and withdrawing the
oxide of carbon formed in the reaction from said con-
fined-zone; whereby to-yielda residne low: in’carbon-and.
including metalllc irony nickeland chromium.:

8. . A ferroalloying-furnace-additive-in-the: form-of finie-
ly ;divided largely unfused.particles..each. comprising a:-
metalpof the group. consisting_of nickel and cobalt, and
es 1 thereof in amounts ranglng from 20% to 50%,

a metal of the _group. con51stmg of chrommm, manganese,
titaniym, molyddenum, tungsten, vanadium, zu‘comum,
hafnium: -and mixtures thereof in amounts. ranging. frome.,
25%:to 65%, carbon in amounts ranging from 0. 01%: to .
0. 15%, the alloying metal content of said aggregate, belng .
greater than 45%, the balance being substantially all § iron.
except -for 1nc1denta1 :metalli¢ ‘and metallic oxide constitn--
ents.:

9. A ferroalloying furnace additive in the form-of a -
s'ntered porous; dense: ‘aggregate- -of finely divided largely
unfused particles each comprising nickel in amounts-rang--.
ing-from 20% to 50%, chromium in amounts ranging
from 25 %%-to -65% ;-carbon--in--amounts- ranging-from:-

0. 01% to-0:15 % the balance-being -substantially -all-iron-
exeept for -incidental-metallic--and--metallic- oxide * con- -
stitaents. -

10; A ferroalloymg furnace-additive in.the.form of-a
sintered; porous,.dense. aggregate of finely. d1v1ded largely: .
unfused particles each comprising: cobalt in:amounts rang:..

a ferroalloy material containing a substantial amount-of 70¢ing: from;:20%:;to. 50% ;-chromium :in-amounts- ranging

carbon-by heating said materials in-a confined'zone-under
conditions. of -low. absolute pressure t0-a. temperature -be-
low-the point-of substantial-fusion of said materials and
for.a-time-sufficient -to-zfiect. reaction-between.the nickel

oxide: and.the ferroalloy-with: substantial:reduction.of the:§54y

from 25%¢7:to:65%; 7 carbon; in- amounts -ranging: from'
0.01% :t00.15%; the balance:being;substantially all jron:.
except. for-incidental::metallic’ and: metallic;-oxide: cons -
stituents.;

11: A ferrcallpying:furnace;additive.in:the. form .of sa
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sintered, porous, dense aggregate of finely divided largely
unfused particles each comprising nickel in amounts rang-
ing from 20% to 50%, manganese in amounts ranging
from 25% to 65%, carbon in amounts ranging from
0.01% to 0.15%, the balance being substantially all iron
except for incidental metallic and metallic oxide con-
stituents,

12. A ferroalloying furnace additive in the form of fine-
ly divided, largely unfused particles each comprising
nickel in amounts ranging from 20% to 50%, chromium
in amounts ranging from 25% to 65%, carbon in amounts
ranging from 0.01% to 0.15%, the balance being sub-
stantially all iron except for incidental metallic and metal-
lic oxide constituents.

13. The method of introducing nickel into a steel melt
which comprises the steps of reacting nickel oxide with
ferrochromium having a substantial percentage of carbon
therein to produce an iron-chromium-nickel residue in
the solid state, and of adding this residue to molten steel.

14. The method of introducing nickel into a steel melt
which comprises the steps of reacting nickel oxide with
ferrochromium having a substantial carbon content in a
vacuum furnace, the oxygen in the oxide being sufficient
to combine with substantially all of the carbon, to produce
a low carbon chromium-nickel-iron residue, of agglom-

_erating the residue, and of charging the agglomerate to
the steel furnace.

15. The method of adding nickel or cobalt to a steel
melt which is to contain at least one other metal in addi-
tion to iron in its final specification which comprises the
steps of first incorporating the nickel or cobalt as a com-
ponent of an alloy containing the other metal, and then
adding this alloy in its solid state to the steel melt.

16. The method of making a steel containing in addi-
tion to iron one metal of a first group of nickel and
cobalt, and one or more metals of a second group consist-
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ing of chromium, manganese, titanium, molybdenum,
tungsten, vanadium, zirconium, and hafnium, which com-
prises an initial step of reacting the metal or materials of
the second group at temperatures close to but below their
melting point under comparatively high vacuum condi-
tions with the oxide of the metal of the first group to
produce an intermediate product composed of metals of
both groups with carbon below 0.2%, and of then adding
this product to a steel melt.

17. The method of making a chromium-nickel steel
which comprises an initial step of reacting nickel oxide
with high carbon ferrochromium at temperatures close
to but below their melting point under comparatively
high vacuum conditions to produce an intermediate prod-
uct consisting essentially of metallic iron, chromiuvm and
nickel with carbon below 0.2%, and of then adding this
intermediate product to a steel melt to produce a chro-
mium-nickel stee] of exact metal proportions.

18. A ferroalloying material in the form of a sintered,
porous, dense aggregate of finely divided particles com-
prising metallic chromium, nickel, and ircn with negligible
metallic oxides and oxide constitutents, the chromium-
nickel ratio being 1.5-2.5 of chromium to 1 of nickel.
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