Strupture and Composition of
Commercial Copper Chelate Extractants

by R. L. Atwood and J. D. Miller

The structure, properties, and composition of commercial chelating-type copper
ex'tractants are examined. Characterization of these extractants was accomplished
using organic separation techniques and analytical tools such as NMR and infrared
spgctroscopy. Results indicate that only the trans isomer of the diphenylhydroxy-
oxime (LIX®64N) is capable of copper chelation. The effects of structural modifica~
tion of the extractants on the extraction and stripping reactions are discussed.

The past decade has witnessed the introduction of
six chelation-type reagents for the commercial extrac-
tion of copper from dilute leach liquors. The reagents
are listed in the following table together with the year
they were introduced to the copper industry:

Reagent Company Year
LIX®*63 General Mills 1963
LIX@e4 General Mills 1965
KELEX®*100, 120 Ashland Chemicals 1968
LIX@64N General Mills 1970
LIX®65N, 70, 71, 73 General Mills 1971

* LIX® is a registered trademark of General Mills Chemicals Inec.:
KELEX® is a registered trademark of Ashland Chemicals,

The LIX® reagents are well covered in the world
patent literature for both synthesis and use**

Bagdad Copper Corp. was the first company to de-
velop a pilot plant for the solvent extraction of copper
using LIX®64." Next, the Bluebird plant, a full-scale
operation, was built and started production in March
1068, again using LIX®64® Since then Bagdad has
installed a solvent extraction plant capable of handling

all their leach liquors.® At the present time these plants'

have a total copper production of 11,700 tpy using
LIX®64 .13.19

Reagents similar to these commercial extractants
have long been known by analytical chemists for their
ability to extract metal ions by chelation® These re-
agents, as well as the commercial extractants, are
characterized by: 1) an exchangeable hydrogen atom,
and 2) a nitrogen atom with a labile electron pair
capable of coordination.

It has been well established that extraction reactions
of this type have the following stoichiometry:®

Cu** 4- 2RH & CuR. + 2H"

Although a considerable amount of research has been
done with regard to the stoichiometry of extraction and
pH effects associated with it, little research has been
done on the state of aggregation of these extractants
in organic solutions. Also, little is known concerning
reaction mechanisms associated with such extractions.
The information and data presented in this paper were
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gathered in order to interpret the kinetics of -!;he
LIX®B64N copper extraction reaction, presently being
studied to determine the reaction mechanism.

Experimental Technique

All reagents used in this study were reagent grade
with the exception of the commercial extractants.
LIX®64N was from Lot No. OK 1556 and KELEX @100
was from Lot Nao. SR 12941,

The equilibrium studies were done in 125 ml sep-
aratory funnels. Maximum loading experiments we]_:'e
performed using 0.25 vol % commercial extractant Iin
xylene. The agueous phase consisted of a copper sulfate
solution which had beén equilibrated with copper
hydroxide at pH 3.5, The phase ratio was 10:1, agueous
to organic, and the shake-out test was repeated until
no change in pH was observed.

A separation technique was devised to isolate +the
components of LIX®64 and LIX®64N in order to ex-
plain the maximum loading data. The following pro-
cedure was used: : ’ '

1) The commercial extractant was reacted with a
10 M solution of sodium hydroxide at 20°C.

2) The unreacted organic components were remo-ved
by centrifugation and separated from the solid soditxmm-
extractant salt.

3) The sodium salt was washed with distilled water.

4) In some instances the sodium salt was converted
back to the acid form with sulfuric acid solution.

5) Infrared spectra of the unreacted organic - com-
ponents was made using a Perkin-Elmer 521 infrared
spectrophotometer.

The method of continuous variation was used to help
identify the stoichiometry of the extracted copper corn-
plex. The equilibrium was studied in methanol =at g
constant copper concentration of 1 X 10 M and vary-
ing the extractant concentration from an extractant to
copper mole ratio of 0.5 o 8.5.

Other equilibrium studies, including the pHw curvwes
and slope analysis, were performed by shake-out tesgtg
in 125 ml separatory funnels at a phase ratio of 1.1,
The solutions were contacted for 1 hr on an autormatic
wrist shaker.

Chemical analysis of the aqueous phase was ma e by
standard atomic absorption fechniques on a Perlcin.
Flmer 303 atomic absorption spectrophotometer.

The organic phases were analysed either by differ--
ence, or by stripping with 50% hydrochloric acid gt
a phase ratio of 20:1 aqueous to organic. After strip-
ping, the aqueous phase was analyzed by atomic ab-
sorption,
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Spectrophotometric analyses of the extractants and

their components were made using infrared, ultraviolet, Table 1—Commercial Gopper Chelate Extractants

and NMR spectroscopy. The reported infrared analyses

were done using a liquid cell with caleium fluoride L LIX® 68 sts this as 5-8-Di- R"

windows at a 0.05-mm spacing on a Perkin-Elmer 521 ethyl-7-Hydroxy- 6-Dodecanone I

spectrophotometer. The ultraviolet analyses were done gi;;'g‘;mﬁ;‘%lt‘ﬁ D ke R'—C—C —R"

using a Beckman DK-2 spectrophotometer with stan- by General Mills? ‘ i

dard analytical techniques. The NMR work was done .

on a Varian spectrophotometer, O\ .N\
Experimental Results and Discussion H O—H

Experimental data consisted of equilibrium studies
and spectrophotometric analysis.

Research was initiated with LIX®64N to confirm the & %ﬁfq?agient structure ig given by Cerrailt and by Habashil states
reported structure of the copper extractant. General that the —R groups are —{CH:)u—CHs, Two important things to
Mills reported that the LIX®64N has a structure sim- note are LIX@64 is a Hydroxyoxime and there are two lsomers.
ilar to that shown in Table 1% and has a molecular }-ll "‘1
weight of 339.® Consequently, assuming the complex
to have a 2:1 mole ratio of extractant to copper, maxi- H\ /O H\ O\ "
mum loading for a 1.0 vol % LIX®E4N-xylene solution 0 ?:‘ 0 i‘" T
would result in 0.84 gpl copper in the organic. How- { —.C —R"
ever, as can be seen from Table 2, for LIX‘®%64N, a con- ¢ —© t ¢ —© + R—? I R
centration of only 0.412 gpl copper in the organic was R 50% R 50% 0\ ?N\
obtained. '

To account for this discrepancy either the reported H (|)
molecular weight is too low, or the commercial ex- H
tractant is not 100% active. NMR spectra of the purified 3. }ﬁfg%"g{ﬁg‘; 1. 112{%LEX®100 is an alkane
acid form indicates that a molecular weight of 339 is a about 10 carbons long with at least one /H
reasonable value. double bond in it. o]

The separation process on LIX®64N yielded a non- .
viscous organic phase, 53% by wt, which would not R‘*@(N)]
extract copper and whose infrared spectra indicated
that its principle constituents were allkanes.

The aqueous suspension of the sodium salt of
LTX®64N remaining from the separation was reacted + Ié‘eﬁgggﬁvﬁus
with excess copper sulfate in the presence of carbon gives the ML 0. o H
tetrachloride, CCl.. The copper-LIX®64N complex thus ent as 339 'Thitshat |
formed was exfracted into the CCl,. Affer phase separa- goﬁlelt?gﬁl:)icm. N 0
tion the CCL was distilled away from the copper- General Mills® aleo % N R
LIX®64N salt. at 40°C under vacuum for two days and i e | N S
then washed in methanol to remove organic impurities. active extractant. c ‘@ + R CI clf -R
The purified copper-LIX®64N salt was analyzed for fTJ;‘;,i‘Jé"ﬁéif‘;‘Jeﬂ‘f' R 45% 0O N
copper and a mole ratio of 1.91:1, LTX®B4N extractant ﬁ%&‘gggﬁ‘i‘gmat \H‘ \0_ H
to copper, was obtained using a molecular weight for ;ml.v th'f active ¢
the extractant of 339. » in LIX@BAN. LIX@G5N
~ Also, the 2:1 ratio was confirmed using the method 5. LIX@70
of continuous variation in & methanol solvent. As shown GaX@i0'is a chlorinated LIX®
in Fig. 1. an abrupt change in slope occurs near two
which indicates the complex formed has a mole ratio H
of 2:1, extractant to copper. |

Further evidence for the stoichiometry of the com- /H /0
plex was obtained by standard slope analysis techniques. oK
From considerations of the extraction reaction equilib- Cl ]
rium, it can be shown that by plotting the percent @—- o —@
copper extracted vs. equilibrium pH, the slope at 50%
extraction is n X 57.57, where n is the number of hydro- R
gen ions exchanged per copper ion extracted.™ Fig. 2
shows such a plot for LIX®64N. The lines through the
data points are drawn for a wvalue of n equal 2. Al-
ternately, the data may be represented in the traditional
g;a?gzrif OJBZloaI;eQEI%alZ:;Zdi:ci},mi:vgbgifelg fi’r aa S\}v(;g: Table 2—WMaximum I{o‘z;dinog of Copper in Xylene Containing

e A 1 ol % Extractant
range of compositicn and is indicative of the stoichiom-
etry of the complex, 2:1,

One assumption necessary for the preceding discus- Extractant cf(‘)’;‘-’ge;hi(g)pl
sion and conclusion is that the extractant is present as
a monomer. This assumption was shown to be valid LIX®63 0.864
by independent spectrophotometric analysis. Infrared E§§%23N gﬁg
spectra for various concentrations of LIX®64N in carbon LIX@T70 0.342
tetrachloride are shown in Fig. 4. Dimerization of KELEX®100 0.832
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organic molecules usually can be detected by the dis-
appearance of one OH band and the appearance of an-
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Fig. 1-——The method of continuous variation for the LIX®
64N-capper system with a constant cupric ion concentration
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Fig. 2—Percent extraction as a function of equi-
librium pH for the LIX®64N-copper system, in
which the extractant concentration was varied and
was olways in excess of the cupric jon concentration.
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Fig. 3—Standard slope
analysis plot showing
log D vs. log (RH) +
pH for the LIX®64N-
copper system buffered
near pH 2.40 with .50,
and H:S0;., The final
extractant concentration
varied from 0.909 to
0.0093 M and the initial
copper concentration in
the aqueous phase was

e de-
av64 N
pear

other as the concentration of the organic molecul
creases.” Notice that as the concentration of LIZE
decreases two bands, at 3350 and 1230 cm, disaP
but that no new bands appear. the

The sharp band at 3570 ¢m™ is characteristic Of___i .
free OH stretch while the broad band at 3350 CIXY hls
assigned to polymeric hydrogen bonding, BecausSe€ t. e‘
intensity of the band at 3350 cm™ is decreasing faste.l
than the concentration, it follows that there is inter-
molecular bonding (bonding between molecules) - Als0,
it will be noticed that the band at 3570 cm™ becOIVES
more pronounced as the concentration is decrease“i'
This is because a greater proportion of OH bonds are
free and can stretch in their normal mode. Alcohols and
phenols display the same effect®* as has been shao¥n
for nonylphenol® However, discrete dimers are not
formed as is found with organic acids whose spectra do
not exhibit a broad band at 3350 em™” Furthermore,
it can be deduced that the phenol hydroxyl of LI ®@64N
does not form intramolecular bonds (bonding wwithin
the molecule) because the broad band at 3350 e 1n
Fig. 4 disappears completely at low concentrations. If
intramolecular bonds were formed the sharp band‘ at
3570 em would not be enhanced as the concentration
decreases and the broad band at 3350 em™ would mot
disappear.

Maximum loading results similar to those obtained
with LTX®B4N were also obtained with LIX64 as shown
in Table 2. Consequently, LIX®64 was analysed by
separation techniques similar to those used for
LIX®64N. In this instance the organic liguid separated
from the solid sodium salt was heavy, viscous, and wery
dark in color as opposed to the light nonviscous orgamnic
phase obtained from LIX®64N,

For each gram of LIX®64 reacted with sodium hy-
droxide, 0.6 g of the dark organic liquid was obtained.
Infrared analysis of both phases revealed no noticeable
structural differences between the liquid and the wsolid
phases. Small differences in the spectra obtained indi-
cated the liquid phase to have a higher percentage of
aliphatics. Also, the liquid phase obtained with I.XX 064
could be frozen and a yellow solid obtained; whereas,
in the case of the ligquid phase from LIX®64N, no solid
could be precipitated by cooling to 0°C.

These results with LIX®64 can be explained by con-
sidering isomers of the extractant molecule. The syn-
and anti-structures of LIX®64 are shown in "Table 1.
When the molecule is in the syn- form it will mot ex-
tract because the nitrogen electron pair is not labile
and will not coordinate with the copper atorm. "This
phenomenon has been observed in other oxime sSys-
tems.”® It appears that for LIX®64 isomerization is in-
hibited severely, whereas for LIX®E4N either rapid
structural rearrangement is possible or the extractant

o 1o s 2o 23 468 pom is present entirely in the anti-form
Log (RH) « pH .
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0 a amount of metal in the system while the pH is varied.
o Fig. 6 shows pHxn plots for each of the commercial
extractants, Note that acidity increases in the series
§’J 4 4 from LIX®63 to LIX®70. These results are to be ex-
S /il)n_” pected from structural considerations in that the elec-
£ —— g — 1 trons associated with the hydroxyl group are delocal-
* # / ?/B of glxm 48 ized when attached to an aromatic ring structure; fur-
3° /‘ aLxean ;—: ther delocalization occurs by chlorination of the aro-
% / o KELEXI0O 18 matic ring. Both effects have been seen with carboxylic
o /‘} Y/ . acids in the extraction of copper, in which case the pHs,
A [ ]

50 60 70

Fig. 6—pHso plots for LIX®63, 64, 64N, 70, and
KELEX®100, using an extractant-xylene solution
that could be maximum loaded to 100 ppm Cu.

From these results it appears that LIX®64 is approxi-
mately 45 wt % active extractant.

Maximum loading experiments (see Table 2) and
infrared analysis with LIX®70 yielded results similar
to those obtained with LIX®64N, Chemical analysis by
sodium fusion indicates that LIX®T70 contains a halogen
atom, probably chlorine. The infrared pattern of
LIX®70 shows an ortho substitution of chlorine for
hydrogen.” The observed change in the infrared spectra
of LIX®70 compared to that of LIX®64N confirms this
substitution and is consistent with the structure for
LIX®70 as shown in Table 2. The assigned position of
the halogen is that which would be expected from
organic chemistry concepts for halogenation of com-
pounds similar to the LIX®64 extractant.®

The maximum Joading data for LIX®63, an alkyl
a-hydroxyoxime, are presented in Table 2. Due to pH
limitations, the use of LIX®63 has been restricted to
laboratory and pilot plant applications. It is reported
that LIX®63 or a similar reagent is added to the LIX®64
and LIX®64N, to aid the kinetics of the exfraction reac-
tion.*®

KELEX®100 is an alkyl substituted oxine in which
substitution is probably at the 5, 6, or 7 position. Note
the similarity between the infrared spectra of
KELEX®100 and oxine shown in Fig. 5. Infrared spectra
suggests a double hond present in the alkyl chain as
indicated by the absorption band present at 1580 em™,
Maximum loading for KELEX®100, is given in Table 2,

As is well known, the extraction reaction is controlled
by the hydrogen ion concentration. Consequently.
acidity of the reacting hydroxyl group is a very im-
portant parameter. Indeed, this very thing distinguishes
one extractant from another,

The standard technidue to demonstrate pH deven-
dency is by pHs plots. The plots are constructed such
that the total exchange capacity is equal to the total
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values go from 4.05 with an alkyl acid, to 3.76 with an
aromatic acid, and finally 2.80 is obtained with e-bro-
molauric acid.™

Conclusions

Characterization of commercial copper chelate ex-
tractants has lead to the following conclusions:

1) The stoichiometry of the extraction reaction, taking
into account the purity of the reagent, was found to be:

2RH(arg) —l— Cu++(nq) = CURz(org) + 2H+(nq)-

The commercial extractants, LIX®64, 64N, and 70 are
about 45% active extractant.

2) Results indicate that the extractant, LIX®64N
exists in the organic phases considered ag a monomer
with little intramolecular hydrogen bonding.

3) Finally, the acidity of the extractants, which con-
trols the extraction reaction, can be understood from
knowledge of their structure and increases in the order
LIX®63, 64, 64N, 70, and KELEX®100,

References

1Swanson, R,R., “Liquid-Liquid Recovery of Copper Values Using
a-Hydroxy Oximes,” U.S. Palent 3,224,873, Dec, 21, 1965

8 Drobnick, J,1L,, and Millsap, W.A., “Separation of Nickel and
Cabalt Values Using o-Hydroxy Oximes,’ U.S, Patent 3,276,863, Oct.
4, 1966,

3 Swanson, R.R,,
8, 1966.

4 Swanson, R.R., ”cg-Hydroxv Oxmnes Containing Alkenyl Radicals,”
U.S. Patent 3,294,842, Dec. 27, 1

6 Agers, D.W., and Swanson, RR ‘“Extraction of Vanadium and
Molybdenum with a Phenolic Oxxme," U.S. Patent 3,415,616, Dec. 10,
1968.

9 Spinney, R.W., “Recovery of Copper from Saturated Ammonium
Persulfate Solutions Exposed from ZEtching Copper,” U.S. Patent
3,440,036, Apr. 22, 1966.

7 Swanson.” R.R., “Extraction of Copper from Acidic Ligquors with
a Phenolic Oxime,"” U.S, Patent 3,428,449, Feb. 18, 1969.

8 Swanson, R.R., “Recoverv of Pentavalent Vanadium Values from
Aqueous Solutions Using g-Hydroxy Oximes,’” U.S. Patent 3,443,887,
Mayv 13, 1969.

2 Swanson. R.R., “Recavery of Molybdentim Values fram Ac¢queous
Solutions Using a-Hydroxy Oximes,” U.S. Patent 3,449,066, June 10,
1969.

» Swanson, R.R.,

Certain a-Hydroxy .Aliphatic Oximes,”
18. 1971,

1t Mattison, P.L., and Swanson. R.R., “Process of Extracting Conner
with Certain Substituted a-Hydroxybenzo-phenoximes,” U.S. Patent
3,655.3417, Apr, 11, 1972,

12 Swanson., R.R.. ““Procede Perfectionne vour Extraire T.e Culvre
Contenn Dans Des Liqueurs Acides a L’alde d'une Oxime Phenolique,”
French Patent 1,467,504, Dec. 7, 1966.

18 General Mills, Tne., “Extraction of Copper from Head Leaching
Solution,” Netherland Patent 6,601,304 Aug. 16, 1966.

“a-Hydroxy Oximes,” U.S, Patent 3,284,501, Nov.

“Compositions Containing Phenolic Oximes and
U.S. Patent 3,592,775, July

TRANSACTIONS — VOL, 254



1 General Mills, Inc., ‘“Substituted Benzophenoximes,” Netherland
Patent 6,614,688, Apr. 20, 1967,

15 Swanson, R.R., “Extraction of Vanadium from Acid Agqueous
Solutions with an Organic Solution of a-Hydroxy Oxime,"” South
African Patent 6,802,177, Sep. 13, 1968,

16 Swanson, R.R., “Copper Extraction,” German Patent 1,184,505,
Dec, 31, 1964,

1 Agers, D.W,, and DeMent, E.R,, “LIX®64 as an Extractant For
Copper,” Rocky Mountain Minerals Conference of SME-AIME, 1968.

W Power, K.L,, “Operation of the First Commercial Copper Liquid
Ion Exchange and Electrowinning Plant,” AIME Annual Meeting,
Feb. 1970, New York.

10 Bagdad Copper Corp., “Liquid Ion Exchange and Electrowinning
Plant,” literature prepared for the Plant Open House,

2% Morrison, G.H., and Freiser, H., Solvent Extraction in Analytical
Chemistry, John Wiley and Sons, New York, 1957, p, 21.

2l House, J.E., Private communication, Jan, 14, 1971,

22 Mattison, P., Private communication, Feb. 1971,

2 Irving, H., and Williams, R.J.P., “Metal Complexes and Partition
Equilibria,” Journal of the Chemical Society, Pt, III, 1949, p, 1841,

X g THIC

s Dyer, J.R., Applications of Absorption Spectroscopy of 0?:;(’ ¢
Compounds, Prentice-Hall, Englewood Cliffs, N.J., 1865, pp. 36-45. ,d,,

% Bellamy, L.J., The Infrared Spectra of Complex Molecules. 2n
John Wiley and Sons, New York, 1960, p. 95, " ?11.1).

# Atwood, R.L., Exiraction of Copper II with LIX 84 N, TVIE
thesis, University of Utah, 1973; see also paper presented at A
Annual Meeting San Francisco, Calif, Teb., 1972, .

21 Roberts, J.D, and Caserio, M.C., Basic Principles of Or
Chemistry, W. A. Benjamin, Inc., New York, 1965, 509 pp,

% Martel, A.E, and Calvin, M., Chemistry of the Metal Ck
Compounds, Prentice-Hall, Englewood Cliffs, N.J,, 1959. ey en,

@ Taylor, T.W., and Baker, W., The Organic Chemistry of Nitre
Oxford, 1937, oxa-

® Cerrai, E., and Ghersini, “Reversed-Phase Extraction Chr Stive
tography w,ith Paper and Columns Suppogrtén‘% an Extractant Sele
for Copper,” Analyst, Vol, 94, 1869, pp. 599-604, nc

s McKay, H.A., ed., Solvent Extraction Chemistry of Metals, <
Press, Cleveland, Qhio, 1965, 359 pp.

82 Habashi, F,, Principles of Extractive Metallurgy, Vol. 2, G
and Breach, New York, 1970,

geric
czate

oxrdon




