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METHODS OF METAL EXTRACTION USING OXIMES
TECHNICAL FIELD

(6601} The present imvention relates generally to the field of extractive metallurgy. In

particular, the present invention relates to metal solvent extraction methods and reagents,

BACKGROUND

16662 Copper and its moctal alloys have been used for thousands of years. The
importance of copper, as well as a variety of other metals, has led to 3 continuing search for
more efficient and productive procurement methods. One method of copper extraction is a
process of leaching, coupled together with solvent extraction, and finally copper production by
clectrowinning. Leaching is typically carried out by stacking the ore in piles on a prepared pad
or by stacking it in a small canyon. A solution of suifuric acid is then applied, and as the acid
solution is trickled down through the heap, copper s dissolved from the rock. The resultant
copper-hearing solution (pregnant leach solution or PLS) is collected, and then transferved to
the solvent extraction plant, where it is contacted by vigorous mixing with an organic solution
comprising an extractant dissolved in a kerosene-like hydrocarbon diluent. In this extraction,
the copper {as capric ion} is transferred to the organic phase, where it forms a chelate-type
complex with the extractant. After contact, the mixture of aqueous and organic is allowed to
separate. The copper-depicted agueous solution (raffinate) exits the solvent extraction plant,
and the organic s transferred to stripping, where it is contacted with a strong acid solution. In
stripping, the cupric ion is transferred to the agucous phase and protons are transferred to the
organic. The now copper-depleted organic is returned to extraction for re-use. The copper-
rich aqueous strip solution {pregnant or rich clectrolyte) is transferred to electrowinning., In
electrowinning, copper is plated as metal from solution at the cathode, and water is broken
down at the anode to form oxygen and protouns as acid. Depending on the clumatic conditions
at the site, the size of the ore heap or dump, and the irrigation rate, the temperature of the PLS
entering the plant could range from about 10°C to about 30°C. As a result, temperatures in
extraction typically range from about 20 to 25°C, and temperatures in siripping may range
from about 30 to 35°C. The temperature in the clectrowinning cells is typically about 45°C,
incorporated herein by reference. This acid leach process may also be used for other metals.

Additionally, leaching with ammonia may be carried out analogously., Combinations of
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ammonia with an ammonium salt, such as ammontam ¢arbonate or ammonium sulfate, have
been used on a commercial scale to leach copper metal (recycling applications), copper oxide
ores and copper sulfide ores. Ammonia leaching can be applied other metals such as nickel and
zing as well.

8083] Reagents useful iu such processes should generally possess certain qualitics.
Exaroples of important features are the rates of reaction, phase separation and reagent stability.
A detailed discussion of the useful characteristics in a liquid 1on exchange reagent s available
in Swanson, "Liquid fon Exchange: Organic Molecules for Hydrometallurgy” presented at the
International Solvent Exchange Counference September 1977,

16064] Several extractant reageuts have heen used, including some phenolic oxime
extractants. Among those used are S-nonylsalicylaldoxime, 5-ponyl-2-hydroxyacetophenone
oxime and 5-dodecylsahieylaldoxime. However under certain conditions of use, the current
cagents arc not ideal and have had issucs not yet fully addressed.  For example, these
aldoximes bind copper very tightly, and only g small part of the copper can be recovered in
stripping under the commercially typical conditions of acid and copper content in the lean
clectrolyte that is used as strip wedia.  To maximize stripping, one typically adds a
thermodynamic modificr to the extractant.  Aliernatively, extractants can be formulated that
have different relative extractant strengths, which strip significantly better than the standard
aldoximes by themselves. Blends of aldoximes and ketoximes have been used, and
demongtrate that ketoximes act as an exiractant, as well as a thermodynamic modifier.
However, the copper content on the stripped organic is lower than one would expect based on
consideration of the stripping behavior of the individual oximes.

[6605] Another general problem is extractant loss (also known as degradation) via
chemical hydrolysis to the corresponding ketone or aldehyde.  The concentration of the
hyvdrolysis products in the organic phase increases until the rate of formation equals the rate of
toss in entrainment. The rate at which hydrolysis occurs is dependent on the acid concentration
and the teroperature of the system. Current reagents may not work properly due 1o hydrolyais,
One trend in the industry is towards the treatment of primary copper sulfide concentrates by
hydrometallurgical routes rather than smelting. These processes result in the production of
leach solutions which are very warm. Solutions fed to the copper solvent extraction process
will range in temperatures from about 35°C 1o 50°C, or higher. Higher tomperatures also occur

when the oxide ores are extremely rich, such as the ores from the Democratic Republic of the
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Congo. They are typically vat or agitation leached with sulfuric acid. The leaching reactions
are quite exothermic, resulting i PLS for extraction that are higher in temperature than typical
heap or dump leach operations. The higher temperature results in a significantly higher rate of
hydrolysis of the oxime extractanis. This leads to buildup of the hydrolysis products in the
circuit organics to very high levels relative to that observed in typical head and dump leach
operations.  Due to the higher rate of degradation, the level of degradation products can
approach levels as high as 100% of the oxime concentration in the circuit organics. This
results in a significant increase in the density and viscosity of the organic phase, which in turn
is reflected in slower phase disengagement and higher entrainments,

16006] Another problers with current technology is with copper selectivity over frou.
Copper/iron selectivity is very important for some solvent extraction/electrowinning systems.
Tron that s transferred to the clectrowinming systern has a negative effect on the processing of
copper in the electrolyte. As the concentration of ferric jons increases, there 15 a substantial
drop in current efficiency. In addition {0 the cost incurred by the drop in current efficiency,
there is the additional cost of bleeding the system to control the iron concentration. Bleeding
clectrolyte results in the reduction of cobalt concentration {in addition to other additives) which
is added to protect lead anodes, and this can be a large expense in an electrowinning plant.
188671 Current reagent technology could also be improved when nitrate is present in
the PLS or strip solution. Nitrate in the PLS or strip sohition can lead to attack on the phenolic
oximes resuliing in nitration of the ring to form the corresponding 3-nitro aldoximes or
ketoxime. The nitro oximes are extrernely strong copper chelators. They cannot be stripped
under typical plant conditions resulting in loss of net transfer. Such problems are discussed in
the Virmg, et al, "Effects of nitrate on copper SX circuits: A case study™ in Proceedings
Copper 2003-Cobre 2003, Vol Vi-Hydrometalturgy of Copper {Bookl), edited by P.A.
Riveros, D. Dixon, D.B. Dreisinger, J. Menacho; Canadian institute of Mining, Metallurgy and
Petroleum; Montreal, Quebec | Canada; 2003, pp795-810. There have been attempts to deal
with this nitration ssue. For example, it has been proposed to add lower molecular weight
phenol to the extractant formulation as a sacrificial lamb. The phenol is more readily nitrated
than is the oxime, and 50 long as there is any phenol present, the oxime is protected. However,
as soon as the phenol is consumed, then nitration of the oxime will occur,

16008] Yet another problern relates to currently used oximes for extraction of copper

and nicke! from ammoniacal solutions. In applications involving extraction of nickel or copper
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from ammonia, one typically finds that degradation of the organic by hydrolysis of the oxime
is an issue. Dhuring such extraction, the resultant complex carvies with it some chemically
bound anvmonia, which is undesirable. The ammonia is transferred to stripping where it
consumes acid to form the corresponding ammonium salt which builds up overtime in the
circulating electrolyte and can lead to the formation of insoluble salts such as nickel
amrponiurn sulfate which can cause plugging of lines, etc. There 15 thus 4 need for reagents

and/or methods that address one or more of these problerms,

SUMMARY

16009 One aspect of the invention relates to a method of exiracting a metal from a
nitrate-containing aqueous solution, the method comprising contacting a nitrate-containing
aqueous solution containing dissolved metal values with an organic phase comprising a water
tmuniscible solvent and a reagent composition comprising an oxime having a structure

epresented by:

wherein R’ is hydrogen or CHa, R is a C8-12 alkyl group, R® and R” are hydrogen, R” is a
methyl group, to extract at least a portion of the metal values into the organic phase to provide
a metal-pregnant organic phase and a metal-barren aqueous phase; separating the resultant
metal-pregnant organic phase from the wmetal-barren aqueous phase; and recovering metal
values from the metal-pregonant organic phase.

jB818] In one or more embodiments of this aspect, the oxime is a ketoxime having a
structure represented by

O NOH

= Chs

2

Collio
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6611} In ove or more turther embodiments, the ovganic phrase further comprises an
aldoxime having a structare represented by:
OH  NOH
- t H
X
CoHyg
6812} According to one or more embodiments, the ketoxime and aldoxime are present

in a molar ratio of ketoxime to aldoxime ranging from about 85:15 to about 25:75.
[6613] In one or more embodiments of this aspect, the oxime is an aldoxime having a
stracture represented by:

OH NOH

H

CoHyp

630141 In one or more further embodiments, the organic phrase further comprises an
aldoxime having a structure represented by

O NOH

= l CHS
D
Collig
[3015] According to one or more embodiments, the ketoxime and aldoxime are present

in a molar ratio of ketoxime to aldoxime ranging from about 85:15 to aboat 25:75.

1601 6] According to one or more embodiments, the metal is selected from the group
consisting of copper, molybdenmum, uranium, rare carth metals and combinations thercof. In
some embodiments, the metal is copper.

16617} The nitrate-containing aqueous solution may have various concentrations of
nitrate, chloride and pH. o one or roore crubodiments, the nitrate-containing agqueous solution
has a conceniration of nitrate that ranges from about 3 grams per liter to about 30 grams per
liter. In some embodiments, the nitrate-containing agueous solution has chloride in a

concentration ranging from about | grarmo per luer to about 30 grams per liter. To some
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embodiments, the pH of the nitrate-containing agquecus sohution ranges from about 0.6 to about

16018 Another aspect of the invention relates to a method of recovering metal from an
aqueous solution, the method comprising contacting an agueouns solution containing at least
two metals selected from molybdenum, cobalt, nickel, zinc and iron with an organic solvent
and an oxime-containing reagent composiiion comprising an oxiroe having a structure

represented by:

OH N

wherein R’ is hydrogen or CHa, R is a C8-12 alkyl group, R® and R” are hydrogen, R” is a
methyl group, at a predetermined pH, the predetermined pH selected to provide g high first
metal extraction and a low second metal extraction; and separating the first metal from the
solution.

16019] According to one or more embodiments of this aspect, the oxime is a ketoxime

and hag a structure represented by

OH  NOH
= i CHa
N

Colio

5
and the first and second metals are selected from the group consisting of nickel, molybdenum
and cobalt.
16626} In oue or more further embodiments, the organic phase further comprises an

aldoxime having a structure represented by:

OH  NOH
= I H
S

CQH 19
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(6621} Agcording to one or more embodiments, the ketoxime and aldoxime are present
in a molar ratio of ketoxime to aldoxime ranging from about 85:15 to aboat 25:75.
16622 In one or more embodiments of this aspect, the oxime ig an aldoxime and has a

structure represented by

OH NOH
e l H
o

CoHys

B
and the first and sccond metals are selected from the group consisting of zine, nickel,
molybdenum and cobalt.
16633} In further embodiments, the organic phase further comprises a ketoxime having

a structure represenied by:

CP.H ‘9

368243 According to one or more embodiments, the ketoxime and aldoxime are present

in a molar ratio of ketoxime to aldoxime ranging from about 85:15 to about 25:75.

BRIEF DESCRIPTION OF THE DRAWINGS
[6425] FIGURE 1 i3 a graphical representation of the level of copper in several
stripped  organic solutions containing various ratios of 3-methy! ketoxime and 3-methyl

aldoxime.

DETAILED DESCRIPTION
8326} Before describing several exemplary embodiments of the mvention, it is to be
understood that the invention is not Hmited to the details of construction or process steps set

forth in the following description. The invention is capable of other embodiments and of being

practiced or being carried out in various ways.
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16627} Reference throughout this specification to "one embodiment,” "certain
embodiments,” "one or more embodiments” or "an embodiment” means that a particular
feature, structure, material, or characteristic described in connection with the embodiment is
included in ai least one embodiment of the invention. Thus, the appearances of the phrases

"o

in one embodiment” or Min

"} N

such as "in one or more embodiments,” "in certain emboduments,
an embodiment” i various places throughout this specification are not vecessarily referring to
the same embodiment of the invention. Furthermore, the particular featurcs, structures,
materials, or characteristics may be combined in any suitable manner in opne or more
ernbodiraents.

16028] The terra "NSAO" as used herein 38 used interchangeably with §-
nonyisalicylaldoxime, and refers to a compound having the structure:

OH NOH

CoHyg

16629] The terra "DSAO" as used herein 38 used interchangeably with §-

dodecylsalicylaldoxime, and refers to a compound having the structure:

OH  NOH

s

16036] The term "HNAO" as used bheremn is used interchangeably with S-unounyl-2-
hyvdroxyacetophenonoxime, and refers to a compound having the structare:

OH NOH
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(6831} The term "3-MNSAQG"” as used herein is used interchangeably with 3-methyl-S-

nonylsalicylaldoxime, and refers to a compound having the structore:

OH  MNOH

Collyo

16433 The term "3-MHNAO" as used herein is used interchangeably with 3-methyl-5-
nonyl-2-hydroxyacetophenone oxime, and refers to a compound having the structure:

OH NOH

CoHpy
16633] The term "3-methyl oxime” as used herein refers to a compound having a
structure represented by
e NEOH
M A
,f’w
P \‘f‘:ﬁt“\ -
B! R¥
®?

wherein Rs is methyl; Ry is hydrogen, a Cq, linear or branched alkyl or alkenyi group, a Cs
aryl group or a Cr.op aralkyl group; R™-R” are cach independently hydrogen, halogen, a lincar
or branched Ce 1 alkyl group, OR” wherein R® s a (4 »; tinear or branched alkyl group, 2 o
finear or branched alkenyi group, a U aryl group, or a Uy, aralkyl group.

16634} The term "3-methyl ketoxime” as vsed herein refers to 8 compound having a

structure represented by
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GH WO

j3835] wherein Rs is methyl; Ry is a Cy; linear or branched alkyl or alkenyl group, 2
Cs aryl group or a Crap arallyl group; R-R™ are each independently hydrogen, halogen, a
tinear or branched Cs» alkyl group, OR® wherein R® is a Cy.» linear or branchex alky! group,
a {y 2 linear or branched alkenyl group, a Cg aryl group, or a Cr; aralkyl group

[6836] The term "3-methy] aldoxime® as used herein vefers to a compound having a

stracture represented by

D N

wherein Rs is methyl; Ry is bydrogen; R-RY arc cach independently hydrogen, halogen, a
. - . G - - .
tinear or branched Ce. allyl group, OR® wherein R is a (. linear or branched alky! group,

a (.90 hinear or branched alkenyl group, a Ce aryl group, or a Ty aralkyl group.

Reagents

1634371 A first aspect of the invention relates to reagent compositions. In one or more
embodiments, the compositions comprise a mixture of at least two oximes, a ketoxime and an

aldoxime. The ketoxime has a structure represented by Formwla ©

19334 NOH

\{3
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wherein Rs is a €y 5, linear or branched alkyl group; Ry is a Cyp» hincar or branched alkyl or
alkenyl group, a Cg aryl group or a Cr aralkyl group; R%-R’ are each independently
hydrogen, halogen, a linear or branched Cs 4y, alkyl group, OR® wherein R% is & .y linear or
branched alkyl group, a Co o linear or branched alkeny! group, a Cg aryl group, or a Trn

aralkyl group; and the aldoxime has a structure represented by Formula I

O NOH

wherein Rs is a { o Hnear or branched alkyl group; R, is hydrogen; RR' are cach
independently hydrogen, halogen, a lincar or branched Ce.y; alkyl group, OR® wherein R® is 2
Ci2; linear or branched atkyl group, a Ty linear or branched alkenyl group, a Gy aryi group,
or a Cr.o2 aralkyl group.
[34038] In one embodunent of the jnvention, the R is a Cg.1» linear or branched alkyt
group for Formula I and/or Formula 1L In another embodiment, the R’ of Fornula [ and/or I
is dodecyl. In vet other embodiment, the R® of Formula T and/or 11 is nonyl. In yet another
embodiment, R* is a Cy3 linear or branched alkyl or alkoxy group for the compound of
Formula T and/or 1L
38391 In one embodiment, the ketoxime (Formula ) and aldoxime (Formula i)
reagents cach have a methyl group substituted at the R® position. In another embodiment, the
ketoxime has a structure represented by Formula {11
OH  MNOH
IS
o \EJJ" 53 %
'\\ o~
}(‘{‘i
wherein R is hydrogen, halogen, a linear or branched Cgyp alkyl group and R isa Ci.p hnear

or branched alkyl or alkenyl group; and the aldoxime has a structure represented by Formula

Iv:
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OH NOH

wherein R' is hydrogen, halogen, a linear or branched Cy 1 alloyl group and R is hydrogen.
(6848} In yet another embodiment, the ketoxime s a 3-methyl ketoxime having a

stracture represented by

OH  NOH

CQHN

and the aldoxime is a 3-methyl aldoxime having a structure represented by,

OH NOH

CoHyo

16841 In one or more embodiments where a ketoxime and aldoxime are used, the ratio
of ketoxime to aldoxime can be vaned. In various cmbodiments, the molar amount of
ketoxime can he about 25%, 30%, 40%, 50%, 60%, 65% 70%, 75%, 80%, or 85% ot the total
amount of oxime. Thus, in a specific embodiment, the molar ratio of ketoxime to aldoxime is
about 85% ketoxime to about 15% aldoxime. In another specific embodiment, the molar ratio
of ketoxime {0 aldoxime is about 60% ketoxime to about 40% aldoxime. In yet another
embodiment, the molar ratio of ketoxime to aldoxime ranges from about 85:15 1o sbout 25:75,
more specifically from about 80:20 to about 3(:70, and even more specifically from about
3{(:20 to about 40:60. Accordingly, in a very specific embodiment, the molar ratio of 3-methyl
ketoxime to 3-methyl aldoxime 15 about 85% ketoxime to about 15% aldoxime. To another
specific embodiment, the molar ratio of 3-methyl ketoxime to 3-methyl aldoxime is about 60%
ketoxime to about 40% aldoxime.

16842} Methods of making such individual reagent compounds are known in the art,

such as those disclosed mn U.S. Pat. No. 6,632,410, the entire contents of which are
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incorporated herein by reference. For example, 3-methyl-S-nonylsalicvlaldoxime can be made
by reacting o-cresol with tripropylene in the presence of an acid catalyst such as
AMBERLYST® 15 resin to form 4-nonyl-2-cresol which is in turn converted to the aldehyde
by reaction with para-formaldehyde in the presence of a catalyst such as titanium cresylate.
The 3-methyl-S-nonylsalicylaldehyde s then reacted with hydroxylamine sulfate to form the 3-
methyl-S-nonylsalicylaldoxime. Tn all cases, the total number of carbon atoms in all of R*-R
groups nrust be great enough so that the corresponding copper-extractant complex is soluble in
the hydrocarbon solvent.

16843] The feedstock solution containing dissolved metal values is contacted with the
water-immiscible organic solution comprised of a hydrocarbon solvent as described herein and
ong or more reagent compositions of the Formula 1 and/or Formula 11 for a period of time
sufficient to allow the oxime described herein to form a comnplex with the iron and copper ions.
The feedstock can be contacted by the organic solution in any manner that brings the two
immiscible phases together for a period of time sufficient to allow the compounds of Formula §
and/or Formmula I to form a complex with the metal ions. This includes shaking the two phases
together in a separatory funnel or mixing the two phases together in a mix tank as described in
U.S. Pat. No. 4,957,714, the entire contents of which is incorporated herein by reference.
18044] Reagent compositions according to one or more embodiments include modifiers
that can be added to the reagent to increase functionality, ULS. Pat. Nos. US 4,978,738
6,177,055, 6,231,784; 7,585,475 and 7,993,613, the contents of which are incorporated herein
by reference, provide examples of modifiers that can be used in accordance with embodiments
of the present invention. For example, the use of highly branched chain aliphatic or aliphatic-
aromatic C-Cag esters or Cy-Cag glcohols have beneticial results as strip modifiers. Another
example is an equilibrium modifier, where the modifier 15 a linear diester or polyester of an
unbranched monocarboxylic acid or unbranched dicarboxylic acid and an unbranched alcohol.
One embodiment of the invention is the reagent composition described above, further
comprising thermodynamic modifiers. A second embodiraent is the reagent composition
described above, further comprising kinetic modifiers. Examples of suitable kinetic modifiers
include, but are not himited to, dioximes such as & 9-dioximohexadecane or alpha-
bromocarboxylic acids such as alpha-bromolauric acid. In a particolar embodiment, the kinetic

modifier comprises 5,8-diethyl-7-hydroxydodecan-6-oxime.
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(6045} The reagent compositions in one or more embodiments include a solvent in
which the reagent s dissolved. In one embodiment, the solvent comprises a water immiscible
organic solvent. In another embodiment, the water immuscible organic solvent is selected from
the group consisting of kerosene, benzene, toluene, xylene and combinations thergof.

6846} The oximes in the composition can be present iu any suitable concentration for
extraction. For example, in one or roore embodiments, concentration of the oxime ranges from
about 0.018M to about 1.1M. In specific embodiments, the concentration of oxime ranges from
about 0.018M to about 0.9M or 0.018M to about 0.72M. In embodiments in which a ketoxime
and aldoxime are present, the concentration of both ketoxirne and aldoxime ranges from about
0.018M to about 0.9M or from about 0.018M to about 0.72M. The reagent composition may
also be concentrated. Concentrated forms can be useful, for example, for transporting the
reagent composition.  Several embodiments of concentrated forms can have an oxime
concentration of about 1.7M or asbout 1.8M and up 1o about 2.25M, 2.5M, and 2.6M. This
oxime concentration can be the combined concentration of the oximes in embodiments where
more than one oxime is present.

16647} A second aspect of the invention relates to a reagent composition comprising a

firet oxime having a structure represented by

O

wherein R is a O} o, linear or branched alkyi group; R'is a Cy o linear or branched atkyt or
alkenyl group, a Cs aryl group or a Oy aralkyl group; R*-R* are each independently
hydrogen, halogen, a linear or branched Ce1 allyl group, OR® wherein R® is a Cp, linear or
branched alkyl group, a C, 5, linear or branched alkenyl group, a Cq aryl group, ora Gy
aralkyl group; and 5,8-diethyl-7-hydroxydodecan-6-oxime.

Processes for Metal Recovery

{6848} Another aspect of the invention relates t0 a method for the recovery of a metal
from a metal-containing aqueous sohition, the method comprising: contacting the metal-

containing agqueous solution with an organic phase coraprising & water imyuiscible solvent and
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a reagent cormposition comprising a mixture of a first oxime represented by formula T and a
second oxime represented by formula 11 to extract at least a portion of the metal values into the
organic phase; separating the resultant metal-pregnant organic phase from the resultant metal-
barren aqueous phase; and recovering metal values from the metal-pregnant organic phase. In
one embodiment, copper from a copper-containing agueous solution is recovered, which
mcludes contacting the copper-containing agueous solution with an organic phase comprising a
water immiscible solvent and a reagent composition of the type described hercin.  Another
embodiment i1s where the recovered metal is selected from the group consisting of uraninm,
molybdenum, cobalt, copper, nickel and combinations thereof. Other specific embodiments of
such methods will be described turther herein.
3491 In one embodiment, the ketoxime (Formula ) and aldoxime (Formula i)
reagents cach have a methyl group substituted at the R® position. In another embodiment, the
ketoxime has a structure represented by Formula {11
OH NOH
IS
o \EJJ" E‘i %
o~

T

B!
wherein R is hydrogen, halogen, a linear or branched Cgyp alkyl group and R isa Ci.p hnear
or branched alkyl or alkenyl group; and the aldoxime has a structure represented by Formula
Iv:

OH NOH

wherein R is hydrogen, halogen, a linear or branched Cg 1; alkyl group and R” is hydrogen.
[6658] In yet another embodiment, the ketoxime 15 a 3-methyl ketoxime having a

structure represented by:
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OH NOH

Cik

C«)ng
>
and the aldoxime is a 3-methyl aldoxime baving a structure represented by

OH  NOH

= H

Do

Collys

18051} As will be appreciated in light of the above discussion of the results of the
degradation testing, in one or more embodiments, the method inchudes 3-methyl reagents are
used for extraction occurring over a wider temperature range than is presently commercially
feasible with existing reagents. As discussed above, extraction of extremely rich oxide ores,
processes that result in the production of warmer leach solutions and processes conducted in
warmer clirpates require improved reactant compositions capable of operating at higher
temperatures than is presently possible. In one embodiment, the metal recovered is selected
from the group consisting of copper, wranium, molyvbdenum, nickel, zine, cobalt and
combinations thereof. In another embodiment, the roetal recovered is copper.

18352} In one or more cmbodiments, reagent compositions and processes for
recovering copper are provided that can be used in the range ot about 15 °C to about 60 °C. In
specific embodiments, reagent compositions and processes of copper extraction using such
compositions can be performed at temperatures exceeding 30 °C, 35 °C, 40 °C, 45 °C, and 50
“C. In specific embodiments, extraction can be carried out in the range of about 25 °C to about
60°C, of about 23 °C to about 50°C, of about 35 °C {0 about 60°C, and of about 35 °C to about
SO°C.  Other variants of ranges within the values discussed above are possible. The oxime
reagents described herein are advantageously used at higher temperatures, as currently used
oxtmes andergo hydrolytic degradation and cause operational problems and increased cost.
[8453] In embodiments 1o which the recovery of copper 8 performed at an elevated
ternperature, the composition can include a ketoxime represented by the structure of formula |
described above. In specific embodiments, the composition can comprise a mixtare containing

a ketoxime represented by the stracture of formuda T and an aldoxime represented by the
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structare of formula 1 described above. Tn one or more embodiments, the composition can
include a solvent and modifiers as described above.

160541 According o one or more embodiments, a feature of one or more of the reagent
compositions and/or methods described herein is that they exhibit improved hydrolytic stability
compared to carrently used oximes for extraction. While not wishing to be bound by theory, it
is possible that a combination of effects leads to the added stability. For example, with 3-
methyl aldoxime and 3-methyl ketoxime, it is believed that the methyl group ortho to the
phenol changes the orientation of the oxime functional group at the interface. This change in
orientation shelters the oxirae functional group from hydrolysis.

[8055] Oue advantage of one or more of the reagents and methods described herein is
resistance to mitration.  Nitration of current reagenis {DSAQ, NSAQ, and HNAO) i
accomplished by electrophilic aromatic substitution which is iltustrated in Schematic 1. As the
nitro oxiraes are extremely strong copper chelators, they cannot be stripped under typical plant
conditions resulting in a loss of net transfer. The oxime depicted in Schematic | can be used to
represent any of the current reagents. The nitration can only take place at the position ortho o
the phenel due to the resonance stabilization it attords the intermediate (2). This 15 a well
known general reaction scheme in synthetic chemistry and has been investigated thoroughly.

Schematic 1:

OH NOH OH NOH OH NOH
NO, —_— NOT| ] e = I i
SN
R
i 2 3
16656} in the case of the new extractants, substitution at the position ortho {o the

phenol group prevents nitration.  This renders these compounds nitration resistant vnder the
conditions found in typical mining solutions. In ovne embodiment, 3-methvl ketoximes and 3-
methyl aldoximes, (including, but not limited to, 3-MHNAQ and 3-MNSAO) are used, such
that the methyl group ortho to the phenol group prevents nitration.

[B457] Accordingly, vet another aspect of the invention pertains to a method of

extracting a metal from a nitrate-containing aquecus solution, the method comprising:
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contacting a nitrate-containing aqueous sohution containing dissolved metal vahies with an
orgamic phase comprising a water immiscible solvent and a reagent composition comprising an

oxime having a structure represented by:

O NOH

wherein R' is hydrogen or CHa, R is a €8-12 alkyl group, R® and R* are hydrogen, R’ is a
methyl group, to extract at least a portion of the metal valaes into the organic phase to provide
a metal-pregnant organic phase and a metal-barren aqoeous phase; separating the resultant
metal-pregnant organic phase from the metal-barren aqueous phase; and recovering metal
values from the metal-pregnant organic phase. In specific embodiments, RS 1s a methyl or

methoxy group, and in more specific embodiments, the oxime is

O NOH OH NOH
=N CH; = H
P %
Collyo Collig
[B058] or , or nuxtares thereof,
{8059} The metal according to such processes containing nitrate can inchude, but are

not Himited to, the metals selected from the group consisting of copper, molybdenum, uranium,
rare earth metals {(scandiam, yitrinm, lasthanum, cerium, praseodymiom, neodymium,
promethinm, samarium, curopiim, gadolinium, terbium, dysprosium, holmium, erbium,
thulium, viterbium, and hitetium) and combinations thereof. In a specific embodiment, the
metal 15 copper.  In one embodiment, the nitrate-containing agoeous solution has a
concentration of nitrate that ranges from about | grams per liter to about 50 grams per liter, and
more specifically 3 grams per liter to about 35 grams per liter. In specific embodiments, the
nitrate-containing aqueous solution also contains chloride, wherein the chloride has a
concentration ranging from about 1 gram per liter to about 30 grams per liter. In one or more
ernbodiments, the pH of the nitrate-containing aqueocus sohution ranges from about 0.6 to about

2.0.
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[6860] Such methods of extracting a metal from a nitrate-containing aqueous sohition
may also have applicability in proposed leaching schemes such as those deseribed in US
6,569,391, where sodium pitrate is added to a dilute sulfuric acid solution to leach copper
sulfides. 1JS 6,569,391 is hercin incorporated by reference in iis entirety.

6461} 3-moethyl aldoximes, 3-methyl ketoximes and their blends transter rouch lower
quantities of ron than HNAQ, The transfer of ron is very dependent on the conditions used in
the static test. However, HNAO transfers between 2-10 times more iron than the analogous 3-
methyl species. In most cases, the iron values are so low that they are at the limits of detection.
The excelient results of the won/copper selectivity are demonstrated in Example 2 helow,
16863] In one or more embodiments where a ketoxime and aldoxime are used, the ratio
of ketoxime to aldoxime can be varied. In various cmbodiments, the molar amount of
ketoxime can be about 25%, 30%, 40%, 50%, 60%, 065% 70%, 75%, 80%, or 85% of the total
amount of oxime. Thus, in a specific embodiment, the molar ratio of ketoxime to aldoxime 18
about 85% ketoxime to about 15% aldoxime. In another specific embodiment, the molar ratio
of ketoxime to aldoxime is about 609 ketoxime to about 40% aldoxime. In yet another
embodiment, the molar ratio of ketoxime 1o aldoxime ranges from about 85:15 to abowt 25:75,
more specifically from about 0:20 to about 30:70, and even more specifically from about
30:20 to about 40:60. Accordingly, in 3 very specific embodiment, the molar ratic of 3-methyl
ketoxime to 3-methyl aldoxime is about 85% ketoxime to sbout 15% aldoxime. Tn another
specific embodiment, the molar ratio of 3-methyl ketoxime to 3-methy! aldoxime is about 60%
ketoxime to about 40% aldoxime.

(6863} Ome or more of the reagent compositions and methods described herein may
also be used for extraction from ammoniacal solutions. In particular, these may be used to
extract nickel, cobalt and/or zinc from ammoniacal solutions. For example, nickel can be
extracted from ammoniacal solutions using HNAQ. Depending on the nickel ammonia

complex, the reaction proceeds using either Scheme 2 or Scheme 3.

NiNH2)Y ™+ 2 RH %  R,Ni+2 NH;+ 2 NH, Scheme 2
NiNH3) 7 + 2 RH —— R,Ni+4 NH:+2 NH, Scheme 3
16864} Cobalt is often found n conjunction with nickel. It is advantageous to convert

~ 4D ~ +3 . . ; . . . . +3 .
Co™" to Co by oxidation, because nickel s extracted selectivity over Co ™ by ketoxires.

Considering that data suggests that cobalt-loading can lead to faster degradation of the
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ketoxime, the added stability and possible lower cobalt loading of the 3-methyl ketoxime
(including, but not limited to, 3-MHNAQO) would be advantageous for nickel extraction.

[3865] Therefore, another aspect of the invention pertains to methods of extracting
metal from aqueous ammoniacal solutions containing metal values comprising: contacting an
ammoniacal solution containing metal values with an organic solution comprising a water
tmuniscible organic solvent containing dissolved coxiractant comprising an oxiroe having a

structure represented by:

19334 NOH

\{3

wherein R’ is hydrogen or CHa, R is a C8-12 alkyl group, R® and R” are hydrogen, R” is a
methyl group, forming a water tmmiscible organic phase, whereby metal values are extracted
from the aqueous ammoniacal solution into the organic phase, thereby providing a metal-
preguant organic phase and a metal barren agqueous phase; separating the metal-barren aqueous
phase from the metal-pregnant organic phase; and recovering the metal values from the metal-
pregnant organic phase. In one or more embodiments, the metal s selected from one or more

of nickel, zinc and copper. In other embodiments, R is octyl, nonyt or dodecyl.

638366} I specific embodiments, the oxirne can have a structure represented by:
OH  NOH OH NOH
' et = H
- )
éan Cotlys
, OF , Of mixtures thersof,
16867} The addition of ammonia antagonists such as those described in US 6,210,647,

the contents of which are herein incorporated by reference, would also be expected to result in
further reductions in ammonia loading when corabined with the 3-MNSAO or 3-MHNAG or
blends thercof. Such ammonia antagonists are referred to as "non-hydrogen bond donating”
and are only "hydrogen bond accepting” compounds. The ammonia antagonists for use in the
present ymproverment are those organic hydrogen bond acceptor compounds containing one or

more of the following organic functionalities: ester, ketone, sulfoxide, sulfone, ether, amine
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oxide, tertiary amide, phosphate, carbonate, carbamate, urea, phosphine oxide, and nitrile and
having greater than 8 carbon atoms, up to about 36 carbon atoms and a water solubility of less
than 100 ppm, more desirably less than 50 ppm and preferably less than 20 ppm. o 2 specific
embodiment, the ammonia antagonist comprises 2,2 4-trimethylpentane-1,3-diol diisobutyrate.
Other illustrative ammonia antagonists which are only hydrogen bond acceptor compounds
are: alkyl esters and dialkyl ketones 1o which the alkyl groups coutain from 4 1o about 12
carbon atoms, such as isobutyl iscoctanoate and isobutyl heptyl ketone and the dinitrile of
dimerized fatty acids such as dimerized CI€ fatty acids, (Dimer Acid™ dinitrile).

16068] In yet another aspect, the invention pertains to methods of recovering metal
frormn an agqueous solution, comprising: contacting an aqueous solution contaiming at least two
metals selected from molybdenum, cobalt, nickel, zinc and iron with an organic solvent and an

oxtme-containing reagent composition comprising an oxime having a structure represented by

€34 NOAY

. . . 3. s 4 2 4 5 .

wherein R' is hydrogen or CHs, R® is a C&-12 alkyl group, R? and RY are hydrogen, R’ is a
methyl group, at a predetermined pH, the predetermined pH selected to provide a high first
metal extraction and a low sccond metal extraction; and scparating the first roctal from the

solution. In specific embodiments, R is nonyl. In other specific embodiments, the oxime used

can be
O NOH OH  NOH
2 CHz N H
NP P
CoHy Cobyg
16869] or or mixtures thercof. The metals ¢an be

zing, nickel, molybdenum and cobalt,

16076] According to ong or more embodiments, the oxime compositions exhibit one or
more useful features inchiding one or more of hydrolytic stability, good selectivity, fast
kinetics and resistance to nitration. The following non-limiting examples are intended to

demonsirate one or more of these features.
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EXAMPLES
jB871} Exampie 1
16472} Schitions (0.175 M) of 3-methyl-S-uonyl ketoxime and 3-methyl-5-nonyl

6

aldoxime in Conosol® 170ES, a typical hydrocarbon dituent from Conoco Phillips®, for
solvent extraction applications, were prepared.  These solutions were then blended in the
foliowing proportions (ketoxime:aldoxime): 100:0, 90:10, 80:20, 70:30, 60:40, 50:50, 25:75
and 0:100. Fach solution was then contacted with a synthetic lean electrolvte containing 35
gpl of copper as copper sulfate and 160 gpl of sulfuric acid in deiontzed water by shaking for 3
minutes at an organic to aqueous ratio of 1. The phases were separated after shaking and the
process was repeated for a total of 4 contacts. The equulibrated organic phase was then filtered
through phase separation paper to remove residual entrainroent and analvzed for copper
content by atomic absorption spectroscopy. The results are summarized in Figure 1,

16873] As discussed above, the known mixtures of ketoxime with aldoxime have a
copper content in the stripped organic that is lower than one would expect based on
consideration of the stripping behavior of the individual oximes. In contrast, the results of
Example 1 and Figure | demonstrate that the 3-methyl-ketoxime and 3-methyl-aldoxime blend
does not behave in this way. The tevel of copper 1o the stripped organics containing various
ratios of 3-methyi-ketoxime to 3-methyl-aldoxime very closely approximate a straight line,
corresponding to what would be expected theoretically. A very slight dowanward bow in
Figure 1 is within the experimental error of the method.

16874} Example 2A

16875] Organic solutions were prepared by dissolving LIX® §60N-I, LIX® 664N-LV
and LIX®E140 in Conosol® 170ES at approximately 10% v/v so that the resultant solutions
contained about 0.175 M standard aldoxime or ketoxime., LIX® 360N-I is a solotion of 3-
nonylsalicylaldoxime in Shellsol® D370, a hydrocarbon diluent from Shell Chemucal, LIX®
604N-LV is a solution of S-nonylsalicylaldoxime and di-n-butyladipate (0.2 M) in Shelisol
D70, LIX® 8180 is a solution of 2-hydroxy-5-nonylacetophenone oxime in Shellsol D7
Solutions of 3-methvl-S-nonylsalicylaldoxime and 3-MHNAQO (3-MHNAQ) (4,175 M) in
Conosol® 170ES were also prepared. A series of blends were also prepared by roixing the

above solutions to give a 50:50 blend on a volume basis of the LIX® 860N-1 solution, the
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LIX® 664N-LV and LIX® 8180 with the 3-MHNAOQ solution. The resultant solutions were
then carried through the Standard Cognis Quality Control Test for LIX® Oxime Reagents with
the following maodifications. The standard 1 liter glass beaker was replaced with a jacketed
beaker so that the temperature could be conirolled precisely at 25°C. Samples of the emulsion

were removed at 30, 66, 90, and 300 scconds. The 300 second point was defined as 100% of

equilibrium.

PCT/US2012/026575

The orgamic saroples were analyzed for copper and iron content by atomic

absorption spectroscopy. The results are summarized in Tables 1, 2 and 3.

Table 1. Comparison of Extraction Kinetics at 25°C
Sample % of Equilibrium @ 30 sec | % of Bguilibrium (@ 60 sec
AMHNAO 63 75
I-MNSAD 100 G487
LIX® R60N-1 98% 99%
LIXN® 604N-LY 98% 98%
LIX® 8180 92% G8%
LIX® R6ON-I:3- g4 91
MHNAQO
LIX® 664N-LV:3- 80 &7
MHNAQO
LIX® 8180:3- 79 g
MHNAG
A47:53 3-MNSAO:3- 96 G4

MHNAQ

Table 2 Comparison of Strip Kinetics at 25°C

Sample Y of Equibibrium Y of Equibibrium
@ 30 sec @ 60 sec
3-MHNAQO 50 81
3-MNSAQ 100 100
LIX® R60N-1 A 100%
LIX® 664N-LV 100% 100%
LIX® 8180 0% 100%
LIX® 860ON-1:3- 78 a7
MHNAG
LIX® 664N-1L.V:3- 77 87
MHNAO
LIX®R €180:3-MHNAG 36 53
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47:53 3-MNSAQ:3- 03 00
MHNMNAQO

Table 3. Orsanic Copper to Iron ratio at 60 seconds at 25°C

Sample Cw/Fe Sclectivity at 60 Sec [Cul/[Fel
3-MHNAQO 2215

3-MNSAO 18397

LIX® RAON-1 2087

LIX® 664N-1LV 4573

LIX® 8180 2970

LEX® 86(N-1:3-MHNAO 2558

LIX® 664N-LV:3-MHNAO 1854

LIX® B180:3-MHNAQ 2741

47:53 3-MNSAQG:3-MHNAO 51470

16476} The overall results are surprising. Mixing the 3-MHNAO with LIX® R60N-1,

LIX® 664N-LY, and LIX® 8180 result in products with slow/marginal kinetics in extraction
and stripping. Surprisingly, the benefit of the faster kinetics of the LEX® 860N-1, LIX® 664N-
LV or LIX® BIB) s not observed when any of them is mixed with the 3-MHNAQG. Mixing
the 3-MHENAQG with 3-MNSAQO results in 8 mixture having excellent extraction and stripping

kinetics as well as outstanding Cu/Fe selectivity,

Example 3

[8477) Sohutions of 3-MNSAQ and 3-MHNAO (0.175 M) 1n Conosol® 170ES were
prepared. A series of blends were also prepared by mixing the two solutions at different
vohume ratios (o give 3-MNSAGI3-MHNAQO of G100, 23:77, 29:71, 36:064, 42:58, 47:52,
60:40 and 100:0. These solutions were then evaluated under conditions of the Standard Cognis
Quality Control Test for LIX® Oxime Reagents at 25°C under the same condition as described
in Example 2A. The extraction kinetics and strip kinetics at 60 see., Cuw/Fe selectivity and Net

Cu Transfer were determined for each mixture. The results are summarized in Table 7.
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Table 7. Summary of Kinetics, Cu/Fe Selectivity and Net Cu Transfer at Different 3-

MNSAOQ:3-MHNAQ ratios

Solution (3- Extraction Strip Kinetics Cwle Net Transfer
MNSAO:3- Kinetics Yo @ 60 | % (@ 60 Sec Selectivity gpt Cu
MHNAQO) Sec

3100 78 81 2215 3.96

2377 a2 94 4016 3.56

29:71 96 100 47420 3.45

36:04 100 100 49130 3.31

42:58 100 100 24788 3.10

47:53 100 9% S157¢ 3.06

60:40 100 100 16920 2.64

100:0 100 100 18397 .51

[8878] Based on the data in Table 7, the extraction kinetics are marginal at 25°C for the

2377 blend, while net transfer is quite high. For the 60:40 blend, the extraction and sirip

kinetics are excellent, but the net transfer begins to fall off.

Example 4

16479 The hydrolytic  stability of the S-vonylsalicylaldoximme (NSAO), §-
dodecylsalicylaldoxime {(DSAQ), 2-hydroxy-S-nonylacetophenone oxime (HNAO), 3-
MHNAG and 3-MNSAQ were determined by preparing solutions of the reagents {(about 0.175
M) in Shelisol® D70, These solutions were then contacted with an aqueous solution
containing 30 gpl of copper as copper sulfate and 180 gpl sulturic acid in deionized water. The
solutions were stirred in a 3 neck round bottom flask fitted with a condenser, paddle stirrer, and
a thermowmeter. The condenser was fitted with a polyurcthane foam plug to minimize
evaporation. The flask was immersed in an oil bath heated to 45°C to maintain constant
temperature. The agueous was periodically replaced, initially on a weekly basis and finally on
a monthly basis. Samples were periodically removed at weekly intervals during the first
month, and then mounthly thereaficr, The samples were max loaded with copper under the

conditions of the Standard Cognis Quality Control Test for LIX® Oxime Reagents at 25°C .
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The residual oxime content was calcolated based on the copper max load valoes assuming a
complex consisting of two oximes per copper. The results were plotied against time and a
point at which half the oxime remained was determined by extrapolation. This was termed the
half life of the oxime. The results are sumumarized in Table B,

Table & Sumumary of Reazent Half Lives

Reagents Half Life (Days)
NSAO 80
DSAO 167
HNAO 325
3-MHNAG 2100
3-MNSAO 725
3388 3-MINSAQ is approximately 7 times more hydrolytically stable than NSAO and

3-MHNAQ 15 6.5 times more hydrolyvtically stable than HNAQO.

(6881} Example §

(6882} Solutions of 3-methyl aldoxime, 3-methyl-ketoxime and a blend using 28.8% 3-
methyl aldoxime and 71.2% 3-methyl-ketoxime were made up such that they were roughly
0.11M total oxime in Conosol® 170ES diluent. Solutions of various metals were made up
approximately 0.05M in DI water and the pH adjusted to a pH of 1.0 with dilute sulfuric acid.
Tndividually cach orgamic was coniacted in a baffled beaker using a magnetic  stiv bar for
agitation at an OtA of [11 with an aqueous solution containing ove metal, A pH probe was
used to monitor the pH of the aguecus continuous emulsion . Once the pH was stable
indicating that the system was at equilibrium, a sample of enmulsion was drawn, the phases
were allowed to separate  and samples of the organic and aqueous phases were saved
separately for analysis by atomic absorption spectroscopy. Once a sample was drawn the pH
was increased by adding a portion of an aqueous ammonium hydroxide sohution, the mixture
was allowed to equilibrate and another emulision sample was drawn and labeled with the pH
for organic and aqueous analysis. The pH was adjusted slowly drawing samples at intervals up
to a pH of 7. The results are reported below in Table 9 with percentage of metal extracted by
the reagent with respect to pH for each metal and reagent.

Table 9: Maetal extraction over a pH range for varicous reagent blends
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28.8% 3-MNSAO and 71.2% 3-MHNAQO
pH
1 2 3 4 5 ) 7
Percent Cu 45% | 90% | 100% | 100% | 100% | 100% | 100%
Metal 1 pe 0% | 5%
Exgmci@d Ni 0% | 0% | 0% | 50%| S0% | 95% | 93%
Tom
Agueous Co 0% 0% 0% 0% 5% 20% | 70%
3-MNSAQ
pH
| 2 3 4 5 6 7
Percent Cu 85% | 95% | 100% | 100% | 100% | 100% | 100%
Percen o~ AT
Maetal : 2 -~
Extracted LN 0% 0% 0% | 90%
from Co 0% 0% 0% 0% | 40% 95% | 100%
Aqueous Mo 65% | 0% 70%
I-MHNAQ
pH
2 3 4 5 6 7
Percent Ca 50% | 90% | 100% | 100% | 100% | 100% | 100%
Motal Fe 0% 5%
Extracted NI 0% 0% 0% | 40% | 385% 90% | 95%
from Co 0% 0% 3% 0% 5% 45%
Aquecus Mo 65% | 65% 1 65% | 35% | 30%
[3883] Example 6
3084} Sohutions (0.52 M) of LIX®E8180, methy!l aldoxiroe (3-MNSAQ) and roethyl

ketoxime {3-MHNAQO) in Conosol® 170ES, g typical hydrocarbon dilwent from Conoco
Phillips for solvent extraction applications, were prepared. The organics were tested using the
Blue Line Technical Bulletin Cognis Quality Control Test For LIX® Nickel Oxune Reagents.
The extraction and ammonia loading portion of this cxperiment was repeated for the
LIX®BI80 and 3-MHNAQO replacing the Standard Nickel Extraction Aqueous Phase with a
solution that contains 15 + 0.1 g/l Cun (as sulfate), 32.5 g/l NHz and 25 g/l (NHa2504
drawing saroples at 30, 60, 90 and 300seconds. Extraction of the metals from ammonia
aqueous solutions, the extraction of ammonia from loaded organic and the stripping of nickel

were recorded. Molarity of ammonia loaded on the organic phase is reported after filtering to
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remove the entrained aqueous, results of extraction are reported as percentage extracted from
the aqueous extraction solution, results of stripping are reported as the percentage of metal
removed from the loaded organic. The results are summarized in Table 10,

Table 10: Nickel and Copper

Nickel Test Copper Test
3- 3- 3-
LIX®R180 | MNSAQ | MHNAO LIX®EIRG | MHNAQO
E30 93.93% 78.33% 654.80% E3( 94.73% 96.07%
E300 94.60% 94.33% 90.40% E60 94.40% 95.80%
S10
{(600sec) | 99.42% 15.83% 27.43% E90 94.67% 95.93%
S20
{1200sec) | 99.92% 35.12% S3.17% E3060 94.47% 96.07%
Amnnonia loading
M of
NH3 0.00804 0.0027 0.00355 M of NH3 | 0.00947 0.00235
13085] It can be sgen from the resukts above that 3-MNSAO and 3-MHNAGO load

significantly less ammonia than LIX® 8180 which is based on the standard ketoxime which is
currently the reagent of choice for extraction of nickel and copper from ammonia.

[6886] Example 7

{6887} Solations of 3-methyl-ketoxime and a blend consisting of 2€.8% 3-methyl
aldoxime and 71.2% 3-methyl-ketoxime were made ap such that they were roughly 0.175 M
oxime in Conosol® 170ES diluent. Both solutions were further spiked to give concentrations
of 0.0028M, 0.014M, or 0.028M 5 R-diethyl-7-hydroxydodecan-6-oxime {LIX® 63 Oxime)
and a blank to give a total of eight solutions. These were contacted with a synthetic agueous
PLS {(6g/L Cu, 3g/L Fe with a pH of 2 1n DI water) following the standard QC test with some
modifications, it was scaled down 1o 100ml of cach solution in a 250mi baffled jacketed beaker
at 250C. Kinetic samples were drawn at 30, 60, 90, and 300sec and saved for copper analysis
by atomic absorption spectroscopy. The remaining organic from the previous step was
contacted at an O:A 1:1 with a synthetic clectrolyte aqueous sotation (35g/L Cu and 160g/L
free sulfuric acid in DI water). Kinetic saraples were drawn at 30, 60, 90, and 300sec and saved
for copper analysis by atomic absorption spectroscopy. The kinetic data is summarized in

Tablie 11.

Table 11 Summary of metalluraical data for LIX®E63 copper experuncnt
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Fercent copper Percent copper
extraction stripped iron foaded
Cu @ Cu @ Cu@ Cu @
30sec 60sec 30sec 60sec £E30 Cu/Fe
IMHNAQO 46.0% 59.6% 24.6% L% SBY
IMHNAQO &
0.0028M LIX® 63
Oxime 4R8.2% 63.3% 33.8% 37.8% 1558
IMHNAQC & 0.014M
LEX®63 Oxime 61.8% 79.4% 25.4% 34.0% 2161
IMHNAQ & 0.028M
LIX®63 Oxirge 69.7% 31.9% 18.2% 25.1% 1814
3M Blend 64.8% 75.6% S2.2% 64.6% 633
3M Blend & 0.0028M
LEX®63 Oxime 65.1% 81.1% 42.6% 48.1% 1474
IM Blend & 0.014M
LIX®63 Oxime 70.4% 79.9% 42.5% 50.3% 1343
3IM Blend & 0.028M
LIX®63 Oxime 77.9% 88.3% 44.2% 58.3% 1525
[GGRE] Addition of the 58-dicthyl-7-hydroxydodecan-6-oxime resulted in  faster
extraction kinetics with no significant tmproveraent in stripping kinetics.
j3889] Exampic &
[8454] Schitions containing 3-methyl aldoxime, 3-methyl ketoxime and a blend

consisting of 28.8% 3-methyl aldoxime and 71.2% 3-methyl ketoxime were made up such that
they were roughly 0.175 M in total oxime and contained either 0.0007 or 0.0149 M of a
thermodynamic modifier.  The hydrocarbon diluent was Conosol® 170ES diluent. The
thermodynamic roodifiers were di-n-butyl adipate (DBA), iso-tridecanol {TDA) and 2,24~
trimethyl-1 3-pentancdio] di-isobutyrate (TXIB). These solutions were then contacted with a
synthetic aqueous PLS (6g/L Cu, 3g/L Fe with a pH of 2 in DI water) to demonstrate loading
ot the metal and then contacted with a synthetic electrolyte agueous solution (35g/L Cu and
160g/L free sulfuric acid in DI water) to remove the metal, These contacts were done at an OtA
of 2:1 for extraction 20ml to 10m! and 1:1 for stripping 10ml to 10md on an autoshaker with 30
ml separatory fonnels . The loaded and stripped organic samples were analyzed for copper
and iron by atomic absorption spectrometry.  The copper and iron values of the resultant
solutions of each contact are reported in Table 12,

Table 12: Thermodvnamic Modifier Blend Data
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30
Blend of 2MNSAQ and 3-
-MNSAD 3-MHNAD MHNAD
Loaded | Stripped | Loaded | Loaded | Stripped | Loaded | Loaded | Stripped | Loaded
Thermo- Organic | Organic | Organic | Organic | Organic | Organic | Organic | Crganic | Organic
dynamic Copper | Copper | ron Copper | Copper | Fon Copper | Copper | Iron
Moditier {gely i (gph) {goly | Gaph i (gob (el ¢ fgehy | {opl) {gpt)

DBA 0007 12776 | 3.182 00074 105875 10535 00048 11875 | 1.086 0.0042

DBA 0148 12383 11.728 00032 10707 1 0.304 0.0033 | 1.364 | 0493 0.0031

DA 0007 12886 1 3.199 G.0071 1096 0.387 0000 11934 11078 0.0042

TDA 0131 12604 1 1.857 0.0027 10752 10168 00038 11579 0488 0.0033

[9%]

TXIB 0008 | 24896 | 3.358 0.0082 | 0.91 0.517 0005 11583 | 1.158 0.008

TXIB 0169 | 2482 1 2437 00045 10774 10346 0004 11268 | G0B28 {.0049

No

additive 2919 13844 0.0103 ] 1.003 10572 0.0055 |1.854 | 1.308 0.006
No

additive 2925 13694 0.0105 10961 0528 0.0053 11873 ] 1333 0.006
16091} The data indicates that addition of thermodynamic modifiers can be used to

adjust the stripping behavior of these reagents.

[8492] Example 9

[8493] The Cognis Quality Control Test for LIX® Nickel Oxime Reagents was
modified to reduce the volume of organic solution required. The test involves extraction of
nickel from an ammoniacal sohition followed by stripping with a sulfuric acid solution. Three
organic solutions were prepared to contain 0.5M 3-methyl aldoxime and varving levels (
0.0028M, 0.028M, and 0.14M) of 5 R-dicthyl-7-hydroxydodecan-6-oxime { LIX®63 Oxime)
in Conosol® 170 ES diluent. The starting organic volume was scaled down to 100ml and ali
other volumes scaled down proportionally. The mixing took place in a 250ml baffled jacked
beaker with a 3.175 cro diamcter QC impellor at 1750RPM. Samples were drawn for
extraction at 30, 60, 90, and 300 seconds and for strip at 1, 5, 10, and 20min. The per cent of
stripping was calculated as the difference between the nickel concentration at 300 sec of
extraction and the nickel concentration at a given stripping time divided by the nickel
concentration at 300 sec of extraction tiraes 100. Al other experimental parameters were

held the same as the standard procedure.  The results are summarized in Table 13.
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Table 13: Effect of 5.8-diethyvl-7-hvdroxydodecan-6-oxime concentration on kinetics of

extraction of nickel from ammonia and stripping of nickel with acid from 3-methyl aldoxime

(.0028M LIX®G63 0.028M LIX®a63 0.14M LIX®63
Oxime Oxime Oxime
o/LNi | % of final | /L Ni | 9% of final | g/L Ni | % of final
30 211 87.63% £.65 84.46% 2.05 89.32%
Extraction 60 3.08 94.65% 2.96 93.97% 3.22 93.01%
{sec)
S0 3.54 097.93% 3.56 98.26% 3.45 99.73%
300 3.82 100.00% 3.80 100.00% 3.49 100.00%
1 3.26 4.08% 2.93 6.30% 1.25 16.58%
Strip 5 2.41 10.23% (.64 22.91% {807 40.21%
{min}
10 1.94 13.64% | 7.97 42.20% 1492 63.56%
20 0.60 23.33% | 5.57 59.61% | 1.53 §8.63%
18094} The addition of 5,8-diethyl-7-hydroxydodecan-6-oxime does not have an

appreciable etfect of the kinetics of extraction of nickel from ammoniacal solutions by 3-
methyl aldoxime. Extraction from ammoniacal sohitions 1s typically very fast in any case and
any incremental changes would be hard to detect. in the case of stripping, however; addition
of the §5,8-diethyl-7-hvdroxydodecan-6-oxime significantly improves stripping kinetics.

(64951 Although the invention herein has been described with reference to particular
embodiments, i 18 fo be understood that these embodiments are merely illustrative of the
principles and applications of the present invention. It will be apparent to those skilled in the
art that various modifications and variations can be made to the method and apparatus of the
present invention without departing from the spivit and scope of the tnvention. Thus, it s
intended that the present invention include modifications and variations that are within the

scope of the appended claims and their equivalents.
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What s claimed is:
I. A method of extracting a metal from a nitrate-containing aqueous solution, the method
coraprising:
contacting a nitrate-containing aqueocus solution containing dissolved metal
values with an organic phase comprising a water immiscibie solvent and a
reagent composition comprising an oxime having a structure represented

by:

J

wherein R’ is hydrogen or CHy, R’ is a C8-12 alkyl group, R® and R’ are
hydrogen, R° is a methyl group, to extract at least a portion of the metal
valucs into the organic phase to provide a resultant metal-pregnant organic
phase and a resultant metal-barren agueous phase;

separating the resultant metal-pregnant organic phase from the resultant metal-
barren agueous phase; and

recovering metal values from the resultant metal-pregnant organic phase.

2. The method of claim 1, wherein the oxime is a ketoxime having a structure represented
by:
OH NOH
= l, CHs
S
CoHo
3. The method of claim lor 2, wherein the organic phrase farther comprises an aldoxime

having a structure represented by
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N

6.

‘\}

10.

[
[S)

OH  NOH

= H

P
CoHys
The method of claim |, wherein the oxime s an aldoxime having a structure

represented by:

OH  NOH
N Ty
e J
Collyo

The method of claim 1 or 4, wherein the organic phrase further comprises an aldoxime
having a structure represented by:

OH  NOH

CH;

\

s

CoHyp

The methed of any of claims 1-5, wherein the metal is selected from the group
consisting of copper, molybdenum, uramium, rare earth metals and combinations
thereof.

The method of any of claims 1-6, wherein the nitrate-containing aqueous solution has a
concentration of nitrate that ranges from about 3 grams per liter to about 30 grams per
liter, and i particular, from about § gram per biter to about 30 grams per hiter,

=
-7
i

The method of any of claims §-7, wherein the pH of the nitrate-containing agueous

sohution ranges from about (1.6 to about 2.0.

The method of claims 3, § or 6-8 wherein the ketoxime and aldoxime are presentina

molar ratio of ketoxime to aldoxime ranging from about 85:15 1o about 25:75.

A method of recovering metal from an aqueous solution, the method comprising:

contacting an aqueous sohution containing at least two metals selected from

molybdenum, cobalt, nickel, zinc and ron with an organic solvent and an
oxime-containing reagent composition comprising an oxune having a

structure represented by
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D N

LI
e ‘?‘wa R §
o
! 2
#d

wherein R' is hydrogen or CHay, R is a CR-12 alkyl group, R and R arc
hydrogen, R’ is a methyl group, at a predetermined pH, the predetermined
pH selected to provide a high first metal extraction and a low second metal
extraction; and
separating the first metal from the solution.
11, The method of claim 10, wherein the oxime is a ketoxime and has a structure
represented by:

OH  NOH

Collyg

and the first and second metals are selected from the group consisting of nickel, molybdenum
and cobalt.

12, The method of claim 11, wherein the organic phase further comprises an aldoxime
having a structure represented by

OH  MNOH

CgH}g

13, The method of claim 10, wherein the oxime i8 an aldoxime and has a structure

represented by:
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CoHig

)

and the first and second metals are selected from the group comsisting of zine, nickel,
molybdemim and cobalt.

14, The method of claim 13, wherein the organic phase further comprises a ketoxime
having a structure represented by:

OH NOH

CH
\

CQH i9

1S, The method of any of claims 10 or 14 wherein the ketoxime and aldoxime are present

in a molar ratio of ketoxime to aldoxime ranging from about 85:15 to about 2575,
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