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Summary—A new reagent (2-ethylhexyl-3-pentadecylphenyl) phosphonc acid (EPPA = HR) was syn-
thesized from cardanol (I, 37300-39-5) and was used to investigate the extraction behaviour of
lanthanum(III), europrum(IIl) and lutetum(III) from hydrochloric acid solutions The species extracted
were found to be Ln(HR;), (where Ln = La(III) or Eu(III} or Lu(III)} The extraction behaviour of the
above lanthamdes has also been compared with yttrium and other rare earths It was observed that the
extraction increases with increase in atomic number of rare earths In addition, the extraction efficiency
of EPPA has also been compared with well known acidic organophosphorus extractants hike di-2-ethyl-
hexyl phosphonc acid (DEHPA), 2-ethylhexyl-mono-2-ethylhexyl phosphonc acid (EHEHPA)

Synthesis of novel and specific organic complex-
ing agents often leads to the development of new
separation systems for aqueous metal 1ons.
Most of the studies on solvent extraction of rare
earths utilize well known commercial acidic
organophosphorus extractants like DEHPA'®
and EHEHPA.*® There are not many recent
reports on the synthesis of newer reagents for
the extraction of rare earths. Recently, a variety
of octyl phosphonic acid monooctyl esters were
synthesized and correlated the structure of these
reagents with the extraction of rare earths.'® The
present paper reports the synthesis of new re-
agent (2-ethyl-hexyl-3-pentadecyl) phenyl phos-
phonic acid from cardanol. The extraction
behaviour of lanthanum(III), europrum(III) and
lutetium(IIT) from aqueous chloride solutions
using the above reagent in toluene or
methylisobutyl ketone (MIBK) as diluents, re-
spectively has been studied with a view to
elucidate the nature of complexes extracted into
the organic phase. The extraction efficiency of
EPPA 1n comparison with some well-known
commercially available acidic organophospho-
rus extractants has also been systematically
mvestigated

EXPERIMENTAL

Apparatus

IR spectra were recorded in Perkin-Elmer
Model 299 B IR spectrometer The 'H NMR
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spectra were recorded 1n a Hitachi1 24 B model,
60 HZ NMR spectrometer. The *'P and “C
NMR were recorded in a JEOL FX-90 QFT
spectrometer.

A Hitachi 220 double beam mcroprocessor
controlled molecular absorption spectropho-
tometer was used for measuring the absorb-
ances. An ELICO LI-120 digital pH meter was
used for the pH measurements.

Reagents

Stock solutions of the lanthanides were pre-
pared from their oxides (Rare Earth Products,
Cheshire, U.K., 99.99%) by dissolving in 2 ml
of 1.1 hydrochloric acid and diluting to 100 ml.

Ammonium acetate buffer (pH 7.5) was pre-
pared by dissolving 19.25 g 1n 250 ml of water
and adjusting the pH to 7.5 with HC] or NaOH.

Arsenazo I (Fluka, Switzerland) was prepared
by dissolving 25 mg of the reagent in 250 ml of
water.

All the other chemicals were of analytical
reagent grade and were used without further
purification

Cardanol was obtained by double vacuum
distillation of cashewnut shell hqud (CNSL-
8007-24-7) at 34 mm Hg and collecting the
fraction distilled at 230-235°C CNSL was pur-
chased from Kerala State Cashew Development
Corporation, Quilon. The hydrogenation of car-
danol was done in a Parr hydrogenator.
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Phosphorus oxychloride was distilled before
use 2-ethyl hexanol was dried over calcium
oxide and then distilled. Triethylamine was
dried over anhydrous KOH and distilled. Ben-
zyl alcohol was dried over anhydrous K,CO,
and distilled All the solvents such as hexane,
methylene chiorde and toluene were dnied by
following standard methods and then distiiled.

Extraction equlibrium procedure

Distribution coefficients were determined by
shaking equal volumes of aqueous and organic
phases (10 ml) for 5 mun n a 60 cm® separating
funnel at 303 + 1 K. (Extraction equilibrium
was attained in 2 mun.) The imtial metal 1on
concentration in the aqueous phase was main-
tained at ~6 x 107°M except in the experiments
on the role of metal ion concentration. After
allowing the phases to settle, a 5 cm® aliquot of
the aqueous phase was pipetted into a 25 cm’®
beaker and 1 cm® of ammonium acetate buffer
and 5 cm® of Arsenazo I were added for the
determination of metal 10on. After adjusting the
pH to 7.5+ 0 1, the solutions were transferred
to 25 cm?® volumetric flasks and made up to the
mark

The absorbance of the solutions were
measured at 575 nm and the rare earth concen-
trations were computed from the respective
calibration graphs The rare earth concentration
1n the organic phase was obtained by difference.
These concentration values were used to obtain
the distribution ratio (D) defined as

_[Ln]
Iz

RESULTS AND DISCUSSION

Synthesis of (2-ethylhexyl 3-pentadecylphenyl)
phosphoric acid (EPPA)

Efforts were made to synthesize new extrac-
tants EPPA starting from easily available natu-
rally occurring materials like cashewnut shell
hiquid (CNSL-8007-24-7) which 1s a byproduct
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of cashew industry. The major component of
CNSL 1s cardanol (I, 37300-39-5) which 1s a
mixture of 3-pentadecyl phenol with varying
degrees of unsaturation. Cardanol was isolated
by fractional distillation and the fraction ob-
tained, at 230-235°C at 34 mm of Hg, was
collected.

Hydrogenation of cardanol to 3-pentadecyl-
phenol. Cardanol (100 g, 0.33 mol) in methanol
(100 ml) was hydrogenated in a parr hydrogena-
tor at 40 ps1 using platinum oxide (50 mg) at
ambient temperature The hydrogenation was
complete in 2 hr. The methanolic solution was
filtered to remove the catalyst and the solvent
was stripped off The residue was distilled under
vacuum (4 mm of Hg) to give a white sohd. This
solid on recrystallization in hexane gave pure
3-pentadecylphenol (M P.=51°C). IR and
NMR of the compound corresponds to the
values reported in literature. This reaction is
shown in Scheme 1 (yield 70%)

Synthesis of 3-pentadecylphenyl phospho-
rodichloridate 3-pentadecylphenol (0.33 mol,
100 g) 1n dry hexane (500 ml) was added drop-
wise to a refluxing solution of a muxture of
phosphorous oxychloride (60 g, 0.39 mol) and
anhydrous AICl; (1% of phenol, 0.44 g). The
reaction was continued for 6 hr. The AICI; 1s
filtered off and the excess of POCI; and hexane
were removed to obtain (3-pentadecylphenyl)
phosphorodichloridate. The reaction 1s shown
in Scheme 2 (yield = 90%).

Synthesis  of (2-ethylhexyl-benzyl-3-penta-
decylphenyl) phosphate A mixture of 2-ethyl
hexanol (30.9 g, 0.24 mol) and triethylamine (24
g, 0.24 mol) 1n toluene were added dropwise
to a solution of 3-pentadecylphenyl-phospho-
rodichlondate (100 g, 0 24 mol) in toluene at
20°C followed by the addition of a mixture of

0
0——'11’ _a
OH \Cl
drous AlCl
+ POCly Anhy 3
CisHyy A, Hexane CysHs,

Scheme 2
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benzyl alcohol (255 g, 0.24 mol) and tniethy-
lamine (24 g, 0.24 mol). The mixture was stirred
for 24 hr. The triethylamine hydrochloride was
removed by washing with water and solvent
stnipped off. The pure benzyl ester was isolated
by column chromatography (see Scheme 3)
(yield = 81%).

Synthesis of (2-ethylhexyl-3-pentadecyl-
phenyl) phosphoric acid (EPPA). A mixture of
benzyl ester (100 g, 0.17 mol) and 10% Pd on
actrvated charcoal (7.8 g) in acetic acid (100
cm®) was hydrogenated at ambient temperature
and atmospheric pressure for 1 hr. The activated
charcoal was filtered off. Acetic acid was re-
moved by washing with water and the solvent
was stripped off. The pure EPPA was recovered.
The reaction is shown in Scheme 4 (yield1=
100%).

The above product was characterized by IR,
'H NMR and 3P NMR.

IR.
2950 cm~! P—OH, 3000 —C—H aromatic
2920 cm~' C—H aliphatic, 1630 cm~! (C=C
aromatic)
1250 cm~' P=0, 1150 cm~! (P—O—C aryl)
980 cm™' (P—O—C aryl).

'H NMR.
4 0.9 (m, 3 H, CH,), § 1.2 (m, 26 H (CH,);5),
4 2.5 (m, 2 H, Ar—CH,), ¢ 3.8 (m, 2 H,
—OCH,),
0 68 (m, 4 H, Ar—H), J§ 122 (S, 1 H,
P—OH).
3P NMR:
—6.2 ppm
C—H analysis (%) Found C 6993 H
10.29

The reaction scheme 1s as shown in Schemes
14

Extraction studies of the rare earths using (2-
ethylhexyl-3-pentadecylphenyl) phosphoric acid
(EPPA)

Distribution of acid. The association of EPPA
1n toluene and MIBK was ascertained by IR
absorption spectra. No band for the —OH in
the vicinity of 2900-3550 cm™' was observed.
The absence of OH indicated hydrogen bonding
which may be due to the association of EPPA
molecules The nature of aggregation was also
confirmed by vapour pressure osmometry as 1t
showed a molecular weight of 990 in toluene.
This indicates that EPPA exists as dimer in
toluene and MIBK.

Extraction mechanism. The general mechan-
1sm of extraction of lanthanides by an acidic
organophosphorous extractant, may be rep-
resented by the following general expression'!

Ln** + 3 (HR),=Ln (HR,); + 3H*

where Ln stands for rare earth element and
(HR), refers to the dimer of the extractant in the
organic phase.

Effect of EPPA. The dependence of the ex-
traction of lanthanum(IIl), europrum(IIl) and
lutetium(III) (representative of light, muddle and
heavy rare earths) from 0 1M of HCI solutions
mto toluene and MIBK was investigated as a
function of EPPA concentration (0.0015-
0 002M for Lu(I1I), 0.01-0.03M for Eu(III) and
0.03-008M for La(Ill) in toluene and
0.018-0.028M for Lu(Ill), 0.076-0.14M for
Eu(III) and 0.12-0 22M for La(Ill) in MIBK,
respectively) In both diluents, the extraction

(o]
I|_-ocH,—cH—cH, | _ocH,—cH—CH,
0—P__ | 0—P_ |
OCH,Ph C;H, OH CH;
Hy/Pd
s ————————
Acetic acid, 14 psi
CysH3; CisHz

Scheme 4
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Fig 1 Plot of log D vs log [EPPA] during the extraction of
La(III), Eu(III) and Lu(III) in presence of 0 1M HCl nto
toluene

mncreases with increase 1n reagent concentration
for all rare earths. The plot of log D vs log
(EPPA) 1s linear (Figs 1 and 2 for toluene and
MIBK as diluents, respectively) with slopes
equal to 2.9 + 0.3 and 3.2 4+ 0.2 suggesting that
three molecules of the reagent are involved in
the extracted species.

Effect of H* concentration. Increase of H*
concentration at a constant strength of Cl~
from a mixture of HCl+ LiCl solutions de-
creases the extraction of rare earths into EPPA
in toluene. The EPPA concentrations used were
0.08M for La(IIl), 0.025M for Eu(IIl) and
0.01M for Lu(III) in toluene. The plot of log D
vs log [H*] has slope of —2.9+0.2 (Fig. 3)
suggesting that the release of three H* ions
during extraction with EPPA. This confirms the
cation exchange mechanism as represented
above. Smmilar results and conclusions were
drawn using MIBK as diluent.

log D
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Fig 2 Plot of log D vs log [EPPA] during the extraction of

La(III), Eu(III) and Lu(III) in presence of 0 1M HCI into
MIBK
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Fig 3 Plot of log D vs log [H*] during the extraction of
La(1II), Eu(IIl) and Lu(III) with 008, 0025 and 001M
EPPA 1n toluene using HCl + LiCl mixtures

Effect of metal 1on concentration. The effect of
varying the metal ion concentration on the
extraction of La(Ill), Eu(Ill) and Lu(Ill) from
0.1M HCl solutions by 0.05, 0.015 and 0 0015M
EPPA, respectively in toluene has been studied.
The log-log plot (Fig 4) of equlibrium organic
phase metal concentration against the equi-
librium aqueous phase metal concentration 1s
linear with a slope of nearly equal to 0.87 +0 1
indicating the extraction of mononuclear metal
complexes Simularly, the effect of metal ion
concentration on the extraction of La(IIl),
Eu(IIl) and Lu(III) from 0.1 HCI solutions
nto EPPA 1n MIBK as diluent has also been
studied. Similar conclusions were drawn using
MIBK as diluent (cf. Fig 5) as in the case of
toluene.

Extraction behaviour of other rare earths. The
extraction behaviour of other rare earths includ-
ing yttrium has been studied at two different
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Fig 4 Effect of metal 1on concentration on the extraction

of La(III), Eu(IIl) and Lu(III) from 0 !M HCl medium by

EPPA (0 05M for La(III), 0 02M for Eu(III) and 0 002M for
Lu(HI) n toluene
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Table 1 Distribution ratios of Ln(III-HCI-EPPA

Distnibution ratios

Reagent La Pr Nd Sm Eu Gd Ho Yb Lu Y
0 iM HCl
00022 EPPA <001} <001 <001 007 003 006 008 058 10 010
n toluene
01M HCI
0025M EPPA 018 063 085 176 240 252 5782 >9999 9999 5456
in toluene
0 1M HCI
004M EPPA <001 <001 <001 <001 004 004 012 467 716 023
m MIBK
0 1M HCI
0 1M EPPA <001 014 025 029 033 051 594 3299 4350 2100
n MIBK
Table 2 Comparison of extraction efficiency of EPPA with D2EHPA and EHEHPA
Distribution ratios
0 002M extractant 0025M extractant

Reagent La Eu Lu La Eu Lu

(a) Toluene as diluent

EPPA <001 003 10 018 240 >9999

D2EHPA <001 <001 005 <00f <003 <3982

EHEHPA <00l <091 <001 <001 <0901 024

0 04M extractant

(b) MIBK as diluent

EPPA <001 005
D2EHPA <001 <001
EHEHPA <001 <001

0 1M extractant

716 <001 033 2350
172 <001 001 48 02
034 <001 <00l 880

concentrations of EPPA (0.002 and 0.025M 1n
case of toluene as diluent and 0.04M and 0.1M
in case of MIBK as diluent) and the results
obtained are shown in Table 1. It is clearly seen
from Table 1 that EPPA is a selective extractant
for heavy rare earths (especially for Yb and Lu)
when compared to hghter and middle rare
earths.

BT
109 [Maq]

Fig 5 Effect of metal 1on concentration on the extraction

of La(lll), Eu(Ill) and Lu(III) from 0 | M HCl medium by

EPPA (0 18M for La(1II), 0 15M for Eu{III) and 0 025M for
Lu(IIl)) in MIBK

Comparison with other acidic organophospho-
rous extractants. The extraction efficiency of
EPPA has been compared with well known
commercially available acidic organophospho-
rous extractants like DEHPA and EHEHPA for
the extraction of lanthanum(III), europium(III)
and lutetium(I1I) from 0.1 M HCl solutions. The
comparison has been made at different extrac-
tant concentrations in toluene and MIBK (see
Table 2). In all the cases EPPA was found to
be a better extractant for heavy rare earths
especially ytterbium and lutetium than DEHPA
and EHEHPA.
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