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lon Chromatographic Determination of Phosphorus and Tungsten

in Epoxidized Soybean Oil
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Soybean oil has been epoxidized with hydrogen peroxide
in the presence of catalytic amounts of trioctylmethyl-
ammonium tetra(diperoxotungsto)phosphate. A fast ion-
exchange chromatographic method with suppressed con-
ductivity detection has been developed for determining
residual contents of tungsten and phosphorus in the oil.
Tungsten and phosphorus could be determined at concen-
trations of 66 and 11 ppm, respectively. At tungsten and
phosphorus concentrations of 1000 and 50 ppm, measured
repeatabilities were 1.3 and 1.5%, respectively.
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Epoxidized soybean oil is an important polyvinylchloride
additive widely used to improve polymer flexibility and
to assist in light and heat stabilization. Soybean oil usu-
ally is epoxidized with peroxyformic or peroxyacetic acids,
but the reaction suffers from both safety and corrosion
problems. Recently, a new catalytic method for the epox-
idation of olefins with hydrogen peroxide under phase-
transfer conditions has been reported (1-3). With soy-
bean oil, using trioctylmethylammonium tetra(diperoxo-
tungsto)phosphate (3) as catalyst (0.07 mol%, based on un-
saturation) and a slight excess of diluted (33%) hydrogen
peroxide, a clear yellowish oil has been obtained after 7 h
at 60°C. The epoxidized soybean oil had low viscosity
(4.1-4.2- 10~* m?s at room temperature), low residual un-
saturation (iodine value = 2.7, corresponding to 98% dou-
ble bond conversion) and high oxirane oxygen content
(7.0%, corresponding to a 90% epoxidation selectivity).
Similar results were obtained with more concentrated
(70%) or more dilute (16%) hydrogen peroxide. The epox-
idation resulted in a highly exothermic reaction with
AH = —58 to —62 Kcal/mol: the variability was probably
due to the occurrence of side reactions (e.g., oxirane
hydrolysis), the extent of which depended on the chosen
conditions. Gradual hydrogen peroxide feeding enabled
control of heat evolution over the entire temperature range
explored (40-70°C) up to a 5 kg scale.

Because a possible end use of epoxidized soybean oil
is as an additive in polyvinylchloride food-wrap films, the
need arose for determining residual tungsten and phos-
phorus contents in the oil. Usually, tungsten and phos-
phorus are determined by gravimetric (4) or spectrophoto-
metric (5) methods, which require gram amounts of sam-
ple, element separation by selective precipitation and
separate determination; these operations are both care-
and time-intensive. The introduction and widespread dif-
fusion of chromatographic techniques for inorganic com-
pounds, particularly ion chromatography (6,7), which of-
fers the possibility of determining more parameters in the
same analysis without interference from the matrix and
requires only small samples, prompted us to evaluate this
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technique for determining tungsten as tungstate ion
(WO,%") and phosphorus as phosphate ion (PO,*"). The
chromatographic separation of these two anions (8) re-
cently has been optimized by using a membrane sup-
pressor (9), which can suppress more concentrated eluants,
thus allowing the elution of strongly retained anions, e.g.,
WO,2-, with anion exchange columns of moderate capac-
ity, such as IonPac AS5 (Dionex Co., Sunnyvale, CA).
Using this kind of instrumentation, the analysis can be
completed within 10 min.

EXPERIMENTAL PROCEDURES

Instrumentation and reagents. An ion chromatograph
4000i (Dionex Co.) with suppressed conductivity detection
was used. Data reduction and instrumentation control
were both performed with an AI-450 chromatographic
work station (Dionex Co.). Separations were carried out
on an anion exchange column IonPac AG5 and a pre-
column IonPac AS5 (Dionex Co.). An anion micromem-
brane suppressor AMMS (Dionex Co.) was used. All solu-
tions were prepared with deionized water with conductiv-
ity <0.1 uS (MilliQ, Millipore Co., Milford, MA). Sodium
hydroxide, anhydrous sodium carbonate, sulfuric acid,
decahydrate sodium phosphate (Merck, Darmstadt, Ger-
many) and dihydrate sodium tungstate (Novachimica,
Milano, Italy) were reagent-grade. Soybean oil (Italiana
Oli e Risi, Ravenna, Italy; iodine value 136) was found to
be both tungsten- and phosphorus-free. The catalyst was
analyzed before use, and tungsten and phosphorus con-
tents were in accordance with the calculated values.
Quartz crucibles (12 cm® were used for sample prep-
aration,

Eluant and regenerant. The eluant was a 10 mM NaOH
and 5 mM Na,CO, solution. CO,-free water and a moder-
ate helium pressure were used in the eluant preparation.
H,SO, (25 mM) was used as the regenerant.

Calibration standards preparation. Four standard solu-
tions were prepared for each element by diluting concen-
trated aqueous reference solutions (1000 mg/L of W and
P, respectively) to final concentrations of 4, 10, 20 and
40 mg/L for tungsten and 0.4, 2, 3.4 and 5 mg/L for phos-
phorus. The solutions were transferred into quartz cruci-
bles containing 100 mg of soybean oil and 0.5 mL of 1 M
NaOH. The crucibles were heated to dryness at 150°C,
carefully calcined with a Bunsen burner (caution: operate
under hood), put in a pre-heated (250 °C) muffle oven with
air flow (50-60 mL/min), heated (25°C/min) to 750°C,
maintained at this temperature for 45 min, and then
cooled to room temperature. Deionized water (5 mL) was
added, and the resulting solutions were magnetically stir-
red for 5 min.

Sample preparation. Soybean oil (50-100 mg) was
weighed exactly in a quartz crucible and treated accord-
ing to the above procedure, without adding tungsten or
phosphorus.

Chromatographic conditions. The analyses were per-
formed isocratically, with eluant and regenerant flows of
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us

minutes

FIG. 1. Chromatogram of mineralized tungstate and phosphate ions
from epoxidized soybean oil.

2 and 8 mL/min, respectively. The injection volume was
50 uL. A typical chromatogram of an epoxidized soybean
oil sample is shown in Figure 1.

RESULTS AND DISCUSSION

Calibration curves. Calibration curves simply obtained by
injecting standard solutions proved to be unsatisfactory;
the resulting tungsten and phosphorus contents in
reference soybean oil spiked with known amounts of the
epoxidation catalyst were lower than expected (—3% for
tungsten, —5% for phosphorus). So calibration curves
were obtained after treating standards as the samples.
Data used for tungsten and phosphorus calibration curves
are shown in Table 1: good linearity is observed within
the considered concentration range.

TABLE 1

Calibration Curves for Tungsten (W) and Phosphorus (P)

W (mg/L)  Peak area WO,2~ P (mg/L) Peak area PO~
4 7830 0.4 4920
10 19871 2.0 25040
20 40622 3.4 44761
40 78188 5.0 63674
r = 0.9997 r = 0.9995
TABLE 3

Soybean oil samples preparation. A careful study on
sample preparation procedures was necessary to obtain
reproducible and accurate results. The traditional nitric/
sulfuric acid digestion required long preparation times,
and adding two highly concentrated anions to the sam-
ple could introduce interference in the chromatographic
analyses. Similar problems were encountered with micro-
wave digestion, which required an acidic oxidant medium,
e.g., nitric acid. Therefore, controlled calcination with
aqueous sodium hydroxide appeared to be the method of
choice. This procedure offered several advantages: sodium
hydroxide acted as a melting agent, converting both
tungsten and phosphorus into soluble salts; the resulting
solution was alkaline (like the chromatographic eluant);
and it could be mixed fairly easily with oil samples. Some
difficulties have been encountered in the choice of cruci-
ble. Noble metals (platinum, silver, gold) were rejected
a priori, and other common metals (nickel and iron) were
reactive (to some extent) toward hydroxyl ions and formed
hydroxides, which could adsorb significant amounts of
analytes. Porcelain and quartz also reacted with hydrox-
yls but to a lower extent. Best recoveries were observed
with quartz, probably for two reasons: (i) quartz crucibles
are less porous and more resistant to chemical attack, so
the analytes’ loss because of wall adsorption was negligi-
ble; and (ii) upon alkaline attack of quartz, sodium silicate
was formed, which is completely soluble, whereas porce-
lain afforded insoluble hydroxides, which could adsorb or
react with the analytes. Sample amounts of oil (50-100
mg) were chosen to obtain both good analytical sensi-
tivities and short preparation times. Increased sample
amounts significantly extended these times and were
found to be preferred only when high sensitivity is desired.

Results. Tungsten and phosphorus contents in a typical
sample of epoxidized soybean oil are reported in Table 2.

TABLE 2

Tungsten (W) and Phosphorus (P) Values
Found in Epoxidized Soybean Oil (ESBO)

Sample W (mg/kg) P (mg/kg)
ESBO/1 1440 67
1400 63
ESBO/2 820 37
840 35
ESBO/3 103 41
98 45

Recovery of Tungsten (W) and Phosphorus (P) Added to Soybean Oil as Liposoluble Epoxidation Catalyst

W (mg/kg) P (mg/kg)
Test 1 Test 2 Test 3 Average Added amount Test 1 Test 2 Test 3 Average Added amount
ST44/89 381 405 407 398 406 20.4 20.4 19.1 20.0 19.3
ST45/89 996 981 960 979 1006 55.3 56.3 549 55.5 54.5
ST46/89 1736 1763 1752 1750 1780 72.8 72.6 74.1 73.2 72.6
Standard deviation 15.5 0.76
RSD%¢ 1.5 1.5

2Relative standard deviation (RSD)% value calculated on average concentration values of tungsten and phosphorus found in analyzed

samples.
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To verify the method’s accuracy and repeatability, samples
of soybean oil spiked with known amounts of both tung-
sten and phosphorus (as the liposoluble epoxidation
catalyst) also were analyzed. As can be seen in Table 3,
good repeatability was achieved (RSDy = 1.3%; RSDy =
1.5%); RSD = relative standard deviation.

The detection limits can be obtained from Table 1 data
by using the equation C;, = 3 s/b, where C, is the sample
(5 mL) concentration in mg/L, s is the standard deviation
and b is the slope of the calibration curve (10). Assuming
a sample weight of 100 mg, detection limits were 66 and
11 mg/kg of oil for tungsten and phosphorus, respectively.

The ion chromatographic determination of tungstate
and phosphate after epoxidized soybean oil mineralization
is a fast and sensitive method to determine tungsten and
phosphorus, if present, as contaminants derived from the
epoxidation catalyst.
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