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v-Radiolysis of Trioctyl Phosphine Oxide and Its Emulsification

Phenomenon
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Abstract: In this article, the y -radiolysis of trioctyl phosphine oxide (TOPO) regarded as the typical representative of
trialkyl phosphine oxide (TRPO) composites has been studied. The irradiated sample solutions were extracted with 5%
Na,CO; aqueous solution, then washed with triply distilled water. The emulsification phenomenon was found during the
washing process. The extent of emulsification was dependent on the absorbed dose and the pH value of the system. IR
and UV spectroscopy as well as elemental analysis were used to determine the structures of the final products. The
results indicated that the main scrubbed products were phosphinic acid, its ester and an oligomer of TOPO which
induced emulsification and produced permanent damage on TOPO.
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1. INTRODUCTION

Trialkyl phosphine oxide (TRPO) composites are
usually used as co-extractants for gold and uranium [1].
Although the chemical components of TRPO made
from different sources are different, their physical
properties are similar [2, 3]. In this case, there are no
obvious effects on the extract processes when TRPO
produced from different sources is used.

Compared with other neutral phosphorous
extractants, the extracting ability of TRPO is much
better, which is demonstrated as following,

(RO)3P=0 < (R(_))2F|)=() < R2F|’=(_) < R3P=0
R OR
(R 1s alkyl group)

It was reported [4, 5] that TRPO is effective
extractant for transition metal ions, especially for
actinide ions with +4 and +6 oxidation states and
lanthanide ions because the electronic cloud is repelled
to phosporyl group due to the tree alkyl groups and the
oxygen atom which has a lone electron pair. The
reaction mechanism of TRPO on the extraction of
transition metals is similar with other neutral organic
phosphorus extractants, i.e. tributyl phosphate (TBP).
Special attentions have been paid on the research field
of industrial TRPO at home and abroad, which is used
to treat the high level radioactive waste (HLRW) owing
to its perfect complexing ability, better radiation
stability, higher load capacity, lower price, and its liquid
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state at room temperature. Additionally, TRPO is
miscible with kerosene that is used widely in the
process of the treatment of HLRW [6].

A lot of researches [7] on the TRPO extraction
system have been carried out. In addition to its
extraction performance for lanthanide and actinide
metal ions, its co-extraction and stripping extraction in
the organic phase were studied. The design of the
process of the extraction of HLRW was performed [8].
Even after several years of efforts on cold experiment,
the preparation stage of hot experiment was achieved.
However, compared with TBP extraction system,
TRPO system still exists two shortcomings. The third
phase [9] will appear if HLRW is extracted directly with
30% TRPO- kerosene due to the high concentration of
salts in HLRW. There are many disputes on the origin
of the third phase. Another disadvantage of TRPO is
the emergence of emulsification which makes the
extraction and separation much more difficult in the
process of the treatment of HLRW and will cause
permanent damage to the extractants. But,
unfortunately, the emulsification phenomenon was
ignored, and few researchers [10] paid their attention
on the radiolytic stability of TRPO.

Therefore, it is necessary to further investigate the
radiation chemistry of TRPO in order to be used
practically. In this work, TOPO was used as the model
of TRPO [12]. The y-radiolysis and emulsification in the
extraction processes were studied and the structures of
final products were analyzed.

2. EXPERIMENTAL
2.1. Irradiation

All the reagents were A.R. grade. Samples were
saturated with air and irradiated at 20+5 ‘C with Co-60
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phosphomolybdate method is used to determine the
content of phosphorus.

3. RESULTS AND DISCUSSION

3.1. The Determination and Identification of Final
Radiolytic Acid Product of TOPO.

After irradiated, TOPO (836.50 mg) was dissolved
in 40 ml CH, which was extracted with 5% Na,COj;
solution, and the G values of acid products were
determined as shown in Figure 1. In the process, clear
demixion reached quickly. TOPO is insoluble in 5%
Na,COj solution, but after irradiated, it produced acidic
products which could be extracted by Na,COj; solution.

Figure 1: Dependence of G value of 5% NaxCO3 extracted
products on the dose absorbed.

The irradiated TOPO dissolved in CH was extracted
with distilled water directly and the variations of pH
values of aqueous phase were list in Table 1. The
values lie in 2.9~3.5. If the unirradiated sample solution
of CH was washed directly with water, the pH value of
the aqueous phase was about 7. It demonstrates that
the products extracted with 5% Na,COj; are acidic. The
potentiometer titration of irradiated TOPO solution of
methanol showed that they were weak acids. Their
structure was identified with IR and UV spectroscopy
and elemental analysis. Its IR spectra were shown in
Figure 2.

Table1: The pH and G Values of Acid Product in the Extraction with Distilled Water Directly after Irradiated
(Dose=7x10°Gy)
Number 1st 2nd 3rd 4th 5th 6th 7th 8th
G 0.044 0.033 0.046 0.034 0.039 0.024 0.002 0.008
pH 2.91 3.06 3.17 3.22 3.28 3.34 3.41 3.44
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Figure 2: IR spectra of products extracted with 5% Na>COs.
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Figure 3: IR spectra of TOPO.

Compared with the spectra of pure TOPO, the
peaks of —-CH3, —CH,, and long carbon chain skeletons
(Figure 3) were almost the same. However, the two
spectra have following dissimilarity: there is a peak of
C=0 at 1710 cm™ in the spectra of products; the peak
of 1140 cm™ is absorbance of P=0O and peak of 966
cm™ is contributed to P-OH, which suggests that the
products have the structure unit of O=P-OH; Among
three peaks of P-C, 776 cm™ and 757 cm’" disappear in
the products spectra and the peak of 821 cm”
becomes much weaker. So the PCj structure of TOPO
was destroyed. Therefore, the products extracted with
5% Na,COj solution were mainly phosphinic acid.

Elemental analysis of carbon, hydrogen, and
phosphorus was performed. The composition of the
acid product extracted by alkaline solution was C
72.2%,H 12.3%, P 8.7%, and O 6.8%. So the empirical
formula was calculated to be CyH4PO4 7, which was
close to that of phosphinic acid C,4H5:PO..

The UV spectra are shown in Figure 4. There is a
strong absorbance band at 280~330 nm. The
maximum absorbance of n—mof O=P is at about
280~330 nm. On the other hand, the absorbance of
n—t of carbonyl group is also at about 280 nm. It
agrees with the results of IR spectra.
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Figure 4: UV spectra of TOPO and its radiolytic acid product.

3.2. Emulsification and Structure Analysis of the
Emulgent

After 5% Na,COj; extraction, the organic phase was
washed further with distilled water. In this process,
emulsification was observed, which induces demixion
slowly. When washed with 5% Na,COj solution, the
concentration of sodium ions was relatively high and
the sodium salts of weak acids with long carbon chains
were forced into organic phase because of the salting-
out effect. But in the subsequent water extraction
process, a part of sodium salts diffuse into the aqueous
phase and induce emulsification consequently. The pH
variation of the aqueous phase of two emulsifying
samples was measured and listed in Table 2. While the
pH value approaches to 7, the time of demixion
becomes longer.

Table 2: pH Values of Aqueous Phase of Two Emulsifying Samples in Water Extraction Process (dose of Sample 1 is
1200 kGy, dose of Sample 2 is 1600kGy)
Number of Times First 3 4" 5t 6" ™ 8"
Sample 1 9.59 8.12 7.83 7.34 7.48 7.16
Sample 2 9.70 8.18 7.97 7.26 7.46 7.28
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Table 3: G Values of Acidic Products and the Dependence of Emulsification Extent on dose Absorbed

Dose (kGy) 97.9 290 590 920 1200 1600
G of 5% Na,CO; extracted products 1.19 0.95 0.89 0.65 0.38 0.42
G of water extracted products 1.42 1.58 0.95 1.1 1.2 1.3
Emulsification after 6 times water extraction Disappeared Weakened Violent

The dependence of emulsification on the absorbed
dose was also studied. Results are list in Table 3. The
G values of products extracted with 5% Na,COj;
solution increase apparently with the decreasing of
absorbed dose, while the G values of products
extracted with distilled water changed irregularly.
However the total G values decrease with the dose
increasing. The G values of emulsifying compounds
vary from 0.9 to 1.6, but that of emulsifying agent from
TBP radiolysis in Wei's work [13] was only 0.1. It
demonstrates that emulsification extent of TOPO
radiolysis products is much higher than that of TBP,
which coincides with its longer carbon chains in TOPO
and the formation of weak phosphinic acid. In addition,
the type of emulsification was studied with dilution
method, which suggests as oil-in-water type. Further
research demonstrates that emulsification does not
happen when pH is higher than 12 and the optimum pH
to destroy emulsification was about 10~11.
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Figure 5: IR spectra of product extracted with water.

IR spectrum of the obtained emulsifying agent is
shown in Figure 5. Its absorbances of —-CHj;, —CHj, the
long carbon chain skeleton and carbonyl group are the
same as those of products extracted with alkaline
solution. The peaks at 1140 cm™ and 966 cm™ suggest
that the emulsifying agent also has O=P-OH structure
unit, but the peak at 966 cm” is much more stronger
than that of products extracted with 5% Na,COj; sol-
ution, which demonstrates that it probably has P-O-C
structure unit. The peaks of P-C at 821 cm”, 776 cm™,
and 757 cm™ are the same as those of TOPO, which

reveals that its PCj structure unit still exists. Therefore
the product consisted of three structure units: TOPO,
Phosphinic acid, and its ester. It agrees well with the
results of Wei’'s work [13] that the emusifying agent
from TBP radiolysis was detected to be 2TBP-DBP.

Results of elemental analysis of product extracted
with water are C 70.4%, H 12.6%, P 6.0% and O
11.4%. Its empirical formula is calculated to be
C30HesP O3 6s. Its UV spectra are similar to the products
extracted with alkaline solution. Their complicated
structures will be studied further

4. CONCLUSION

After irradiation, TOPO produced phosphinic acid
and an acidic emulsifying agent containing phosphorus,
which was analyzed to be an oligomer of TOPO,
phosphinic acid, and its ester. The emulsification extent
was dependent on the dose absorbed and the pH
values of the system. It increased with the dose
absorbed, while the total G values decreased with the
increasing of the dose. At the same time, the G values
of emulsifying agent were more than 1, which was
much higher than the 0.1 of TBP.
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