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TECHNICAL NOTE 

Liquid-Liquid Extraction of Copper from Ammoniacal 
Solution with Cyclohexyl-Substituted P-Diketones 

W. MICKLER and E. UHLEMANN 
INSTITUT FUR ANORGANISCHE CHEMIE 
UNIVERSITAT POTSDAM 
POSTFACH 60 15 53 ,  D-144 15 POTSDAM, GERMANY 

ABSTRACT 

The extraction of copper from ammoniacal solution was studied with different 
cyclohexyl-substituted p-diketones. For comparison with LIX 54. the extraction 
parameters were determined for their dependence on the chain length of the sub- 
stituent as well as on the influence of pH and the concentrations of copper and 
ammonia. 

K e y  Words. Liquid-liquid extraction; I-Phenyl-3-(cyclohexyl)- 
alkane-l,3-diones; LIX 54; Copper extraction; Ammoniacal so- 
lution 

INTRODUCTION 

LIX 54 (Henkel KGaA) represents a commercially available p-diketone 
type of extractant which is especially recommended for the extraction of 
copper from ammoniacal etch solutions (1-3). Beyond this, a series of 
other applications is reported in the literature (4-7). By GC-MS measure- 
ments, LIX 54 was found to exist as a mixture of at least four isomeric 
I-phenyl-3-isoheptyl- I ,3-propane-diones solved in saturated alkanes (8). 
For exact physicochemical studies, however, pure compounds are neces- 
sary, the properties of which do not depend on the composition of a techni- 
cal grade starting material. Unfortunately, only n-octanoic acid and 2- 
ethyl-hexanoic acid are available to synthesize such P-diketones. Cyclo- 
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hexyl-substituted carboxylic acids offer an alternative possibility for the 
preparation of p-diketones having branched alkyl substituents. 
To further former results (9), l-phenyl-3-cyclohexyl-l,3-propanedione, 

1 ; 1-phenyl-4-cyclohexyl-1,3-butanedione, 2; and 1-phenyl-5-cyclohexyl- 
1,3-~entanedione, 3, were synthesized and studied as extractants for com- 
parison with LIX 54. 

EXPERl M ENTAL 

Extractants and Metal Complexes 

The p-diketones were synthesized by following a literature procedure 
(10) that uses the Claisen condensation of acetophenone with the corre- 
sponding phenyl esters in the presence of sodium amide. It was found 
that phenyl esters give the desired P-diketones with higher yields and 
better purities than do the corresponding alkyl esters. The purity of the 
compounds was examined by GC-MS measurements. (GC-MS system: 
VG 12-250 with a HP gas chromatograph, 40 m capillary column SE 54, 
temperature program at 70-25ODC, and electron ionization at 70 eV.) They 
were further characterized by 'H-NMR (300.13 MHz) and I3C-NMR spec- 
troscopy (75.47 MHZ) measured in CDCL (Bruker ARX 300 spectrome- 
ter). The analytical data are presented in Table 1. All compounds were 
very soluble in kerosene. The copper complexes were prepared by adding 
an alcoholic copper acetate solution to alcoholic solutions of the ligands 
(molar ratio 1 : 2). The resulting solid complexes were recrystallized from 
alcohol. 

Extraction Parameters 

The experimental conditions for copper extraction were as follows: 

ccu2 + 10-4 M 
CHL lo-* M (solvent: kerosene) 
Phase ratio 
Temperature 25°C 
Extraction cycle 

111 (20 mL separation funnels) 

10 minutes (mechanical shaker) 

pH adjustment was made by adding HN03 or NaOH prior to extraction. 
To measure pH, a pH meter MV 86 (Pracitronic, Dresden) with a glass 
electrode EGA 501 N (Forschungsinstitut Meinsberg) was used. The metal 
concentrations were determined by atomic absorption spectrometry (AAS 
1100 B, Perkin-Elmer). All chemicals were of p.a. quality. The copper 
stock solution was prepared by diluting a Merck standard solution with 
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LIQUID-LIQUID EXTRACTION OF COPPER 2645 

TABLE 1 
@-Diketones of the Type CsH5-CO-CH2-CG-R 

R 

Symbol 

'H-NMR (6) 

I3C-NMR (6) 

Q 
0 

175-185 
Calculated (found) 

78.21 (78.16) 
7.89 (7.71) 

16.4 ( s ,  OH) 
6.2 (s, CH-enol) 

4.08 ( s ,  
CH2-keto) 

199.7 ( C i 4 H )  
184.1 (C,--OH) 

94.3 (C2) 

@CH2 

A 

200 
Calculated (found) 

78.64 (78.61) 
8.27 (7.88) 

16.4 (s, OH) 
6.1 (s, CH-enol) 

4.0 (s, 
CH2-keto) 

195.4 ( C i 4 H )  
183.6 ( C 3 4 H )  

96.6 (C,) 

195-210 
Calculated (found) 

79.02 (79.33) 
8.59 (8.69) 

16.3 (s, OH) 
6.2 (s, CH-enol) 

4.03 (s, 
CH2-keto) 

197.4 (Ci--OH) 
182.7 (C3-H) 

95.7 (C*) 

bidistilled water. The distribution coefficient D = ccu~+~0~/ccu2+~w~ was 
calculated from the copper concentration measured in the aqueous phase 
before and after extraction. For the extraction constant, the equation -log 
K,, = pH0.5 + log CHL is valid. 

RESULTS AND DISCUSSION 

The results obtained by NMR measurement show that the studied ex- 
tractants predominantly exist in the enol structure. Evaluation of the sig- 
nals of CH protons (6 = 6.2 ppm) and CH2 protons (6 = 4.0 ppm) proves 
that only about 7% of the keto form is present in the keto-enol equilibrium. 

The course of copper extraction under usual conditions is given in Fig. 
1 as a plot of the extraction rate R versus pH. The logarithmic plot of log 
D versus pH is shown in Fig. 2. Based on the slopes of the straight lines 
of this function, the composition of the extracted species is CuL2. Both 
figures prove that quantitative extraction of copper takes place only above 
pH 5 but falls off above pH 11 because of competitive reactions in the 
aqueous phase. Some extraction data are summarized in Table 2 and com- 
pared with those for LIX 54. 
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mol.L-' HN03).  CHL.: lo-' mo1.L- ' (in kerosene). R = ,f(pH). For the key to the symbols, 
see Tables 1 and 2. 

TABLE 2 
Extraction Data of Substituted P-Diketones 

No. R Symbol PH0.5 log K,, 

1 Q 
2 @H* 

0 3 .70 -3.40 

A 3.75 -3.50 

3 0 3.80 -3.60 

4 iC7HI5 (LIX 54) * 3.90 -3.80 
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LIQUID-LIQUID EXTRACTION OF COPPER 2647 

FIG. 2 Extraction of copper(l1) with different P-diketones (parameters as in Fig. 1). 
log D = f(pH). For the key to the symbols, see Tables 1 and 2. 

It can be seen that all compounds show very similar behaviors. Devia- 
tions previously reported for I-phenyl-4-cyclohexyIbutane- 1,3-dione (9) 
could not be confirmed. The weak influence of substituents on the extrac- 
tion behavior of the P-diketones studied here can be explained by the 
identical chelate structures and the similar hydrophobicities of the ex- 
tractants. 

Nevertheless, a small dependence of P H ~ . ~  and log K,, on the chain 
length of the cyclohexyl alkyl group is observed. Copper extraction is 
limited by the solubility of the extractants and their copper complexes in 
an organic solvent. These copper complexes are crystalline compounds 
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loo 

50 

TABLE 3 
Analytical Data of the Examined Copper Chelates 

Analytical data 
(%I 

Solubility in kerosene 
Ligand R (mol/L) mp ("C) Calculated (Found) 

- 

- 

3.64 x 1 0 - 3  212 C 68.99 (68.71) 
H 6.58 (6.59) 

2.36 X lo-' 167 C 69.85 (69.54) 
H 6.98 (7.05) 

2 

6.62 x 112 C 70.61 (70.78) 
H 7.34 (6.58) 

3 

Ro/o 

FIG. 3 
ccu2+: 

Extraction of copper(I1) with different P-diketones from ammoniacal solution. 
m o l , L - '  ( I  = 0.1 mo1.L-I NHJCI). CHL: lo-* mol.L-' (in kerosene). R = 

f(pH). For the key to the symbols, see Tables I and 2. 
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FIG. 4 Extraction of copper(I1) with different p-diketones from ammoniacal solution (pa- 
rameters as in Fig. 3). R = f(cb,ner). For the key to the symbols, see Tables l and 2. 

FIG. 5 Extraction isotherms of copper(I1) extraction from ammoniacal solution. pcUz+ : 3.0 
g.L-' (in NH3/NHdCI buffer solution). Cbuffcr: 1.0 mo1.L-'. W H ~ :  10% by volume (kerosene/ 
toluene I + I ) .  Extraction cycle: 10 minutes. For the key to the symbols, see Table 2. 
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which are easily prepared from alcoholic solutions of the ligands and cop- 
per acetate. Some analytical details, including the solubility of the com- 
pounds in kerosene, are given by Table 3. 

The extraction of copper from ammoniacal solution is shown in Figs. 
3 and 4. It can be seen in Fig. 3 that extraction is not hindered by low 
concentrations of ammonia up to pH 10 whereas a drastic increase in 
ammonia concentration leads to a steep decline of the extraction curve 
(Fig. 4). In this case ammonia is efficient as a competitive ligand which 
tends to form copper ammine complexes in the aqueous phase. LIX 54 
shows the same behavior but apparently its copper complexes are some- 
what more stable to ammonia than are the complexes of cyclohexyl-substi- 
tuted P-diketones. 

A direct comparison between LIX 54 and I-phenyl-5-cyclohexyl-I ,3- 
pentanedione is made in Fig. 5 which shows the extraction isotherms of 
both extractants for copper. The extractants are very similar. 

The maximum loading of the organic phase amounts to 1 I g.L- I copper 
under the conditions selected. Higher concentrations of copper cause pre- 
cipitation at the phase boundary as a consequence of the limited solubility 
of the copper complexes. 

ACKNOWLEDGMENTS 

The authors gratefully acknowledge the support given this research by 
Deutsche Forschungsgemeinschaft. Samples of LIX 54 were kindly sup- 
plied by Henkel KGaA, Diisseldorf. 

REFERENCES 

1 .  H.  Reinhard and H .  Ottertun, EPA 5415 (1975). 
2. S. 0. S. Anderson, H. Ottertun. and R. W. Baker, EPA 36401 (1981). 
3.  W.  Babcock, M. Tuttle, J .  W.  Brooke, and R. W. Baker, EPA 159450 (1984). 
4. V.  Ramesh and G. N. Rao, Indian J .  Technof.. 25, 418 (1987). 
5 .  S. Nakamura, Y. Surakitbanharn, and K. Akiba, Anal. Sci., 5, 739 (1989). 
6. T. Hirai and I. Komasawa, J .  Chem. Eng. Jpn., 24, 731 (1991). 
7. M. A. Olazabal, M. J .  Zapatero, M. P. Elizalde, and J .  M. Castresana, Solv. Extr. Ion 

Exch., 10, 19 (1992). 
8. W.  Mickler, E. Uhlemann, R .  Herzschuh, B. Wenclawiak, and L. Plaggenborg, Sep.  

Sci. Techno!.. 27, 1171 (1992). 
9. W.  Mickler and E. Uhlemann, Ibid., 27, 1669 (1992). 

10. E. H. Man, W. Swamer, and C. R. Hauser, J .  Am. Chem. Soc.,  73, 901 (1951). 

Received by editor January 29, 1993 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
1
9
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1


