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157) ABSTRACT

A method for rezovering superalloy scrap is disclosed.
The method in»)lves oxidizing superalloy scrap in an
agpeens acidic medium. The aqucous ocidic medium
has 2.3 oxulatio v potential sulficient to oxidize nanfer-
oy anhditive supeiatioy elements to insuluble oxides
thoreofl amd to avidize mnjor superalloy constituents w
mpuvously solulle species. 'The i wluble sulids from the
aqueous solulior are separated “when the aqueous solu-
tion is cxtracted with an aqucou:ly suhstantially insolu-
ble lertinry amine to form wn organic phase and an
aquenus phase. ‘T't e aqueous phkase contnins essentially
nivkel and chr ) nium values. The organic phase is se-
qucentially extracted with aqueous solutions which sc-
lectively solubilize individual metal value species 10
form individuo! anueous solutions having substantially
siagle mcetal valse species therein. The metal value spe-
cirs solutions are processed to obtain substantially pure
meials,
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SEPARATION AND RECOVERY OF METAL
ALLOYS FROM SUPERALLOY SCRAP

BACK.GROUND OF THE INVENTION

This invention relates to the recovery of metal values
from superalloy scrap and more particularly to the sepa.
ration of metal values from superalloy scrap in substan-
tially pure form.

DESCRIPTION OF THE PRIOR ART

In recent years “superilloys™ bave found increased
utility and great increascs in volume of production due
to the nced for articles having the special properties
afforded by these materinls. Among these propertics are
high temperature strength, high tempernture oxidation
resistance, -~arrasion resistance and the like. As the use
of these s+ ¢rnlloys grows, so does the amount of scrap
and othes - sste conteining them. The farm of the scrap
includes oli-gualily products, turnings, gtindings, pour-
ing skulls, mold gatcs, lashings and waste products
such as sludges and the like,

Typically, superalloys are based upon chromium,
nickel, -obalt, molybdenum, small amounts of iron,
aluminun, silicon, titanium, columbium, tantalum and
the like. ‘I'he superalloys are predominantly composed
of chrome and nickel as major constituents, and in most
instances coball,

In ma y instances, the scrap superalloy as hercinbe-
fore described is discarded in landfills nnd similar dis-
posal methads because the individual metal values can-
not be isolared for reuse, Mare particularly, it is desir-
able to recover and rcuse Lhe coball, chrome and nickel
valves so that they can Le reused in producing superal-
loys. While it is recognized that turnings and grindings
can be recycled for use in heats having the same alloy
composition, a large portion of the scrap is gencrally
dowmngrade.i and in many instances discarded. Further,
the turrings and grindings, if they are to be used in heats
of the samr alloy composition, must be isolated and
classified su that the alloymakers ploce these Lurnings
and grindings in the appropriate heat.

Metalluigical methods have been used Lo treat super-
alloy scrap, but it has gencrally only been possible to
produce n metal of iron, cobnlt, nicke! and possibly
chrome erd molybdenum while the refractory metals
. such as tantalum, titanium and columbium are Jost in the
slag. Al.hough these metal values are recovered, they
are in a form which is unsuitlable for use in superalloy
productic:

The 21" -d artisans have atiempted many methods to
recover «.'. al values from superalloy scrup with vary-
ing deg'ses of success. Exemplary of such efforts are
those processes disclosed in U.S. Pat. Nos. 4,138,249;
4,193,968; 3,083,085 and 1,544,309,

In accordance with the present invention, a method
of separitidg metal values from superalloy scrap is pro-
vided w.icrein the major constituents of the superalloy,
such as nickel, chromium, cobalt and molybdenum, are
separated from each other and recovered. Such recov-
ery allows for isolation of these values in substantially
pure'for'n so that they can be reused in the manufacture
of superalloys, thus conserving valuable raw materials.

NRIEF DESCRIPTION OF TIIE INVENTION

A method for recovering superalloy scrap is pro-
vided. The method involves oxidizing superalloy scrap
in an aqueous acidic medium. The ncveous acidic me-
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dium has an oxidation potential sufficient to oxidize
nonferrous additive superalloy elements 1o insoluble
oxides thereof and to oxidize mnjor superalloy canstitu-
ents to aqu¢ously soluble ionic species. The insoluble
solids from the aqueous solution are separated and the
aqucous solution is extracted with an squecously substan-
tially insoluble tertiary amine to form an organic phase
and an aqueous phase. The agueous phase contains es-»
sentially nickel and chromium velues. The organic
phase is sequentially extracled with aqueous solutions
which scleclively solubilize individual metal value spe-
cics to form individual aqueous solutions having sub-
stantially single metal value specics thercin. The metal
value species solutions are processed to obtaim substan-
tinily pure mctal values.

DETAILED DESCRIPTION OF THE
INVENTION

“Superalloys™ as uned herels means aned refers 1o
alloy compusitions contuining nickel and/oe chrominm
and cobult and ot lcust one metal selected from the
group consisling of molybdenum, aluminum, titanium,
tantalum and columbium.

“Valve metals" ns used herein means and refers to
relractory metals such as titanium, tantalum, colum-
bium and the like which form oxide liims stable enough
to serve as capacilors or electronic valves,

The superalloy scrap useful in the practice of the
invention is in the form of high surfacc area per unit
welght material, such os grinclings snd other particulate
maller. Preflerably, the material has a mesh size of 20 to
200, and more preferably a mesh size of 100 to 200. The
high surface arca is desired so that #t will readily react in
the aqueous acid medium. Although very large pieces
of superalloy scrap, i.e. on the arder of one-cighth to
one-hall inch in dinmeter mny be used, it is preferred
that they be reduced in size in order 10 allow for ready
reactivity with the acid sqlution.

Preferably, the scrap is first degreased by an appro-
priate organic solvent and/'or otherwise trented 10 re-
move perticulate impuritizs such as dirt and the like
from the scrap prior to treaiment in the process in ac-
cordance with the invention.

The scrap is thien contacted with the ngueous acidic
mediom. Tke aqueous acidic medium uscful in the prac-
tice of the invention is one which is rich in chloride ion
s> that it readily reacts with the metal values in the
e21ap. The chloride concentration in the aqueous acidic
miedium should be in the range of 150 to 350 grams per
Lter corresponding to 4,2 1o 10 molar HCI, The aqueous
acilic solulion can be provided by hydrochloric acid
per s¢ or with chlorine gas 10 provide the desired ncid-
ily »nd chlctzins conceniration to the media.

Further, ¢ hydrochlaric acid solution can be enriched
by the addition of chlorine gas thereto.

The solut’on potential is preferably controlled in the
tange of above + 500 millivolts in order o provide a
rapid lcachizig, i.c. reaction of the metal values with the
acidic medium. Further, the solution potential should be
at least about 750, and more preferably at least about
800 millivoits prior to solvent extracition in order to
have any iron present as Fe+3 and molybdenum as
Mo+8 Although these valence states for iron and mo-
lybdlenum can be maintained at potentrals less than 8300
millivolls, it is desircd to maintain the potential at or
about 800 millivolts in order to ensure these valence
atates. lo addivion, the oxidation potesntial should be
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ELEMENT
Form/
Ni Cr Co Mo Fe «nl=e C! u G Tosal Compound
Satig 1J647.2 4x74 0 JleX.d 12185 24).7 i1y 24300 Grinding
Al 3009 0 12108 442203 HC1
10! 91249 729950 3212)8 1m0
- VWpler? X 42540 340322 382882 H10
Total 136472 43740 J168.1 12IS 2437 12125 430070 143504 1030302 13%000.5
put
Qutput
Solution 12635.0 152048 178298 NiCT;
46910 96ll.0 14304.6 CrCly
2931.) 0550 994 10085.7 HCoCly
960.3 17748 200 1600 29153 HaMoOCls .
231.0 N8 9 5.3 3282 H3F=Cly
7728.2 e 79428 HC
. 133589  106871.1 1202300 H;0
(" 2262 £36.2 Hj
< aal? 4859 oo 3.7 6.1 10510 16567  mised crysials
Unu aolved 526.) W, 123.1 1340 6.8 453 <Jo.y Gnndings
Soslid
Ve Mack xe WY MR P E) "I 13008 Fase Black
Muterial! Material?
Totd 1)637.2 45740 1681 12185 MLT 12IES 43N0 <04 COT0MLE xRS
Ouiput

Vhaput o )2 pesrems 1K)

T Water 1w make 1% percent HCY

"Mured ehilicnide erystah of Ny, Cr, ami) Fe

Ve BB Sisicnial s valve meials snd wilier smpurities

The "inal solution propertics of the combined reac-

tion priducts were as follows:
87.50 grams/liter Ni
32 56 grams/liter Cr
20.30 grama/liter Co
6.65 grams/liter Fe
294.6U grams/liter Cl
2.00 molar HCI
Density: 1.280 grams/cm3
Porentind: 4177 mv

It was noted during the running of Examples I
through ¥ that it was necessary to keep the chloride ion
concentration at about 280 to 300 grams/liter for effec-
live dis:zolution of grindings.

Although Examples I through V were conducted
using HC! as an oxidant, other oxidants such as oxygen,
ozone, clilorine, chromate ion or ferric ion can also be
used in tne practice of the ir vention.

The combined reaction products of Example 1
through V were raised to an oxidation potential of
about + 230 with H20; and were filtered free of solids
and used i ‘he base material for the remaining exain-

ples.
EXAMPLE VI

To a 5 gallon glass reactor equipped with an agitator
and a thermometer was charged 1 gallon of combined
reaction preduct along with 1 gallon of 30 percent by
weight Atamine 336 (triisooctylamine), 40 percent by
weight isodecano! and 30 percent by weight ke: :sene.
The organic phase and the aqueous phase were b -ated
10 40° C. un! agitated to ensure intimate contact ~ the
two phase« lor 4 minutes. The organic phase was ¢ .wn
off and 1 _ullon of amine solution was charged ¢ the
reactor any conlacted and scparated as previous.y Je-
scribed. Again, | gallon of amine solution was charged,
contacted nnd separated as previously described, Thus,
! gal'on of reaction product had the cobalt, molyh .
nunt aud iron eattacted therefrom o 3 batches
orgamc phase.

The 3 batzhes of organic phase were combined ad
extracted Ly 4 successive extractors with 1 rallon of
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acueous FICI solution having a pH of 2. The aqueous
soase conl:ined the cabalt and the organic phase con-
iz.ned Fe ad Mo.

The orgaaic phase, which has the Co removed there-
{rom, was cxiracted by contacting with | gallon of
water o remove Fe in the aqueous phase. The organic
phase, whick now contained only Mo, wag adjusted to
= pH of 10 "o 12 by the addition of & 22 percent by
weight aquenus solution of sodium carbonate, and the
- :lybdenum was stripped from the organic phase as
MazMoQs. The organic ghase wos prolonated by the
addition of ¥ C! and used for subsequent extractions.

The process of Example VI was repeated several
times in order to treat 10,5 gallons of combined reaction
progGuct.

In the prozess of Example VI, 95 percent of Co, 98
pereent of Mo, 99 percent of Ni and 94 percent of Cr
wers recove-ed from the combined reaction product.

EXAMPLE VII

The cobal: solution recovered in accordance with
Eamnple VI was filtered and neutralized o a pH of 5.5
with sodium rarbonste to remove nickel and iron. The
cobalt was itcovered by electrowinning the cobalt
sciution,

EXAMPLE VIl

The molybdenum solution formed in Example VI as
172254004 was converted to MoOjby reaction with
zmn:onium cl loride and then with nitric acid.

EXAMPLE IX

“I'e aqueou solution containing Ni and Cr formed in
Ex=.<ple VI vras adjusted to a pH of 7 1o 10 with so-
dium carbonata, thus precipitating NiCOyand CoHOIND;.

The preccptate was s'urried in water and reacted
with 1100 to ovidize Cr '3 1o Ur 9, thus providing
solible sudium chromate 2l precipitated NiCOj. Once
pravinitated, tl ¢ nickel can Le clecirawoen, The chrome
can e precipilited as CrOj or as Ng2CaO7.
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Thue, precipitate can also be calcined (o remove CO;
and n‘.mnnothcrmmal]y reduced (o an alloy of Ni and
Cr.

In orde * to provide maximum recovery of metal val-
ues from. ‘hie superalloy scrap, cerlain parameters must
be obseiy 'd during the process.

Thus, prior to extraction with the organic phase, the
reaction praduct must be carcfully oxidized so that iron
is present as Fe+3, Mo is present as Mo*+¢, cobalt is
present as Co+2 and chromium is present os Cr 13, Fur.
ther, to ensure the extraction of Co*2, the Cl— content
of the solution must be al nbout 250 grams/liter 1o en-
sure completle formation of the CoCly=2 jon.

Although the specific examples herein are directed to
a batch recovery process, the process of the invention is
adapta™le lo performance of a continuous basis using
knowr: countcrcurrent methods.

Thus, the process of the invention provides a mcthod
of recevering a substantinl amaunt of the valuable metal
vulues in superalloy scrap. %

Although the invention has heen described with ref-
crence Lo specific processes nnd specific matrials, the
invention is only to be limited so far as is set forth in the
accompanving claims,

We clui.:

1. A method of recovering metal values from supernl-
loy serap comprising the steps of:

(i) oxidizing the superalloy scrap in an aqueous acidic
media, said agqueous acidic media having an oxida-
tion potential sufficient lo oxidize valve metals to
insaluble solid oxides thereof, and to oxidize non-
vaive metals lo aquecusly soluble ionic species
wherein the chromium values are oxidized to the
+ 1 valence;

(1i) separating the insoluble solids from the agueous
sclutiv.ng

(iii) cx1 acting the aqueous solution with nn aque-
ous - -ubstantially insoluble tertiary amine o form

1))

Is

20

23

33

40

45

50

55

hh

10

an organic phase containing the non-valve melal
valuc; except for the nickel and chromium values
and an aqucous phase conlaining nickel and chro-
mium values; and

(iv) sepzrating the aqueous phase containing the
nickei 'and chremium values from the organic
phase whercin the improvement comprises the
steps of:

(v) oxidizing the chromium
chrominm +6;

(vi) deacidifying the agqueous phase ta a pll of about
7-10 svith a soluble carbonute to form insoluble
nickel carbonate; :

(vii) precipitating the nickel carbonate from the
chronuum-contnining solution;

(viii) rccuvering the nickel from the nibkcl carbanate
pu:cnrua(c, and

(ix) recovering the chromium from the snlutmn

2. The mzthod of elaim 1 wherein the-aqueous phase
is deacidif ¢d to form insoluble nickel carbonale and
chromium hydroxide before the chromium is oxidized
to form nquecus-soluble chromium 6,

* 3. The miethod of claim 1 wherein step (v) comprises
oxidizing the chromivm with hydrogen peronide.

4. "T'he method of claim § wherein step (vi) compriscs
deacidifying with sodium cnrbonate,

5. The method of clnin: 1 wherein step (viii) com-
prises the recovery of nickel from the carbonate by
calcining tc form nickel oxide.

G. The method of claim 1 wherein step {ix) comprises
rccavering chromium as a chromate by crystallization.

7. The methad of claim | wherein the aqueous acidic
phase containing the chromium and nickel ionic species
it u chlorid : salution and is deacidified with a soluble
carbonate, nned the nickel carbonate is formed in a chlo-
ride salt solution.

-3 to nqueous-soluble



