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CHEMISTRY-GENERAL

ABSTRACT

The Sargent Model V Chemlcal Oscillometer
was applied to the dielectric constant de-
termination of tri-n-butyl phosphate (TBP)
ln mixtures of TBP and kerosene over the
range of 0 to 10 per cent TBP, Under the
most favorable conditions, the precision
approached 0.02 per cent absolute,
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DIELECTRIC DETERMINATION OF TRIBUTYL
PHOSPHATE IN KEROSENE

INTRODUCTION

In the course of the laboratory investigation of process
conditlons and for control purposes, 1t 1s necessary to de-
termine the amount of tri-n-butyl phosphate (TBP) present in
kerosene., The study reported here wags undertaken to develop
a method applicable fto the determination of TBP in O to 10
per cent solutions in "Ultrasene" with a precision of 0.1
absolute per cent, "Ultrasene" is an especilally purified
high~-boiling kerosene produced by the Atlantic Refining
Ccocmpany,

The measurement of dielectric constant has been the most
reliable of several physical methods which have been applied
to the determination of TBP in hydrocarbon solvents. An
instrument for thls purpose was designed by M. T. Kelley,
et al. (1). A similar dielectric constant meter, manufactured
by the Paul Morrow Company of Wilmington, Delaware, was used
for TBP analysis at the 3avannah River Plant however, the
Morrow instrument is difficult to operate and in the range of
Interest 1t cannot be used without modificatlion. Therefore,
a readily available commercial instrument, the Sargent Model
V Chemical Osclllometer, was applled to the problem.

SUMMARY AND CONCLUSTIONS

The Sargent Osclillometer was used in the analysis of
TBP in "Ultrasene" over the range of 0 to 10 per cent TBP.
Under the most favorable conditions, the precision of the
method approached 0.02 per cent absolute. The precision of
the method as applled to routine samples 1s limlited by the
presence of trace 1lmpurities and by variations in the proper-
tles of the solvent. In practice the precilslion is expected
to be 0.1 per cent absolute or better., The method can be
extended to 50 per cent and perhaps to 100 per cent TBP
solutlons. However, difficulty in water-saturating the
solutlons may serlously limit the precision at the higher
concentrations.

The principal varilables which must be controlled are
temperature, water content, and varlations in the solvent,
The method is satisfactory for control analyses and is in
routine use at the Savannah River Laboratory.
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DISCUSSION

EQUIPMENT

The instrument used throughout this investigation was a
Sargent Model V. Chemical Oscillometer, This instrument
incorporates a cathode-coupled osclllator operating at five
negacycles, Resonance methods of measuring dieleetrlc con-

stant are thoroughly discussed elsewhere (2) and this par-
ticular 1nstrument 1s reported 1n the manufacturer's llter-
ature (3)., The general procedure is as follows: the
Instrument 1s tuned to resonance by adjusting a series of
precision condensers, when the condenser-type cell in the
resonance circuit 1s filled with air or some other reference
substance, The cell is then emptled, refilled with the
material to be analyzed and the circult 1s returned to
resgonance by adjusting the capacitance. The amount of
capaclitance added or subtracted to re-establish resonance is
a direct measure of the change in capacitance of the cell.

The Sargent Oscillometer has an arbltrary scale covering
from 0 to %2,000 units, Ordinarily, it is adjusted to read
zero with alr In the sample cell., Materials wlith higher
dielectriec constants give higher readings, but the scale is
not exactly linear, A compensator is furnished as an at-
tachment to provide a more nearly linear response and to
expand the scale., The compensator is an inductance which,
when placed in serles with the cell, effectively increases
the scale reading of any sample placed in the cell,

The small cells supplied with the instrument were used
throughout this study. Approximately 8 ml of solution is
required for a single measurement, There are considerable
differences 1n capacitance between variocus cells of the same
size, and measurements made with different cells cannot be
compared guantitatively unless a cell correction 1is made,

REAGENTS

Eastman tri-n-butyl phosphate (TBP) was used throughout
this 1nvestigation without additional purification. "Ultra-
sene'", a high-bolling kerocsene produced by the Atlantic
Refining Company, was used as the solvent. The crude mono-n-
butyl (MBP) and di-n-butyl (DBP) phosphates were syntheslzed
in these Laboratories and were partlally resolved mixtures
of acid butyl phosphates. The impure MBP contalned approxi-
mately 80 per cent MBP with most of the remainder DBP, and
the impure DBP was approximately 70 per cent DBP with most
of the remainder MBP, All other chemicals used were ana-
lytical grade reagents.
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Analyses of the TBP and Kerosene follow:

ANALYSES OF COMMERCIAL TBP AND KEROSENE

Butanol Water, Acidity,
Volum % Volume % Meq/1
Eastman TRP 0.10 0.48 0.3
"Ultrasene" kerosene 0.01 0.1

EXPERIMENTAL METHODS

The Oscillometer was allowed to warm up for at least one
hour before use. Even after this warm-up period, considerable
drift was observed in the instrument. The practical effect
of this drift was eliminated by zeroing the Osciilometer
before each reading, using & particular empty cell as an
arbitrary reference., When the compensator was used, the
gstandard of highest dlelectric constant was placed in the
cell first and the instrument was adjusted to give a maximum
scale reading. All other scale readings were determined
relative to this reference point.

Preliminary readings were taken on TBP="Ultrasene"
solutions both with and without the compensator. These data
follow; values reported are expregsed in scale units,

OSCILLOMETER SCALE READINGS ON TBP-"ULTRASENE" SOLUTTIONS

Without
EEBJ@ Compensator Compensator Compensator
0 1130 2950 21400
5 1300 - 24300
10 1470 h020 29900
100 6300 31800 -

Use of the compensator greatly expanded the scale, but
considerably reduced the reproducibility of the scale
readings. Since preliminary tests indicated that the sénsi-
tivity and reproducibllity were satisfactory without the
compensator, 1t was not used 1in the remainder of the 1nvesti-
gation,

The procedure for making measurements was as follows:
The sample cell was washed with acetone and allowed to dry
at room temperature. ©Next, the sample cell was rinsed once
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with a portion of the test solution and was filled with the
gsolution. An empty cell, used as an arbitrary reference
cell, was placed in the cell holder and the instrument was
adJusted to resonance at zero scale reading. The reference
cell was replaced with a second cell containing the sample,
and the scale reading at resonance was determlned and re-
corded. Care was taken to seat the cells firmly in the cell
holder, and the level of the solution in the cell was at
least 1 em above the electrodes.

All of the known TBP=-"Ultrasene" soclutlons were made
up on & volumetric basis, The TBP was dispensed from a
buret and diluted with "Ultrasene" in a volumetric flask.
Changes in partial mclal volume introduce no significant
error, Johnson and Dillon (4) found that the partial molal
volume of TBP, from O to 0,75 volume fraction in benzene,
hexane, and several other solvents, was constant and differed
only slightly from the molal volume of TBP, The molal
volume of TBP at 25°C was reported by these authors to be
273.7 ml/gram mole, which compares with partial molal volumes
of 27%.3 in benzene and 272.6 in hexane.

Water determinations were made by Karl Fischer titration
with a dead«stop end point. A dichromate oxidation procedure
was used for the determination of butancl. The acidlty was
determined by titration to a phenclphthalein end point using
a standard solutlon of potassium hydroxide in isopropanocl.

INVESTIGATION OF VARIABLES

Water Content Since the dieleetric constant of water i1s
approximately 81 as compared to eight and two for TBP and
kerosene respectively, small variations in the water content
of the solution drastically affect the method. Two ap-
proaches to this problem were consldered: either to dry the
samples completely or to saturate them reproducibly. The
saturation approach appeared to be more simple.

To verify the adequacy of the saturation approach, a
seriegs of TBP-"Ultrasene" solutions were made up covering the
range of O to 100 per cent TBP. Measurements were made on
the original untreated solutions and on additlonal aliquots
after washing with water, The data are glven in the follow-
ing table. The samples were washed by shaking them for
several minutes in separatory funnels with approximately
equal volumes of distilled water. The phases were allowed
to separate and the organlc phases, which were usually cloudy
with water droplets, were centrifuged before the measurements
were made, .
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EFFECT OF WATER WASHING ON
THE DIELECTRIC CONSTANT OF TBP-"ULTRASENE'" SOLUTIONS

TBP % Oscillometer Scale Readings
one two one two three
untreated wash washes wash washes washes

0 1325 1323
20 2169 2023 222% 2224 2226
30 2660 2793 2792 2793 2793
40 %186 “3h20 3419 Zh20 3418
50 3758 4110 4112 4119 4120
60 L3u6 4831 4860 4840 4864 4868
70 4978 5659 5653 5657
80 5624 6486 6512 6511 6509
90 6278 7323 7377 T4H15 THO9
100 6961 8332

These data indicate that one water-wash will satis-
factorily saturate the samples contalning up to about 50 per
cent TBF. Above this point. additional washes will be
necessary.

Since the range of O to 10 per cent TBP was of particular
interest, a second series of runs was made at concentrations
in this range. FEach solutlon was divided into two portions.
Oscillometer readings were made on the first portion directly
while the second portion was equilibrated with water for 48
hours prlecr to the tests. These data follow:

€
f"'__‘
e
E:.
c 1
@ A
(H/ o
| Al
-
[ S
{r)
L




aF

. DP-75

Page 11
EFFECT OF WATER ON THE DIELECTRIC CONSTANT
OF 0 TO 10 PER CENT TBP-"ULTRASENE" SOLUTIONS
TBP,% Untreated Samples Water Equilibrated

Scale Reading H»0, Vol. ¢  Scale Reading HpO, Vol. %

0 1325 + 1 0.007 13254 1 0.010
2 1408 + 2 0.026 1405 + 0 0.026
3 1487 + 0 0,028 1486 + 1 0.027
5 1528 + 1 0,034 1527 + 1 0.034
6 1571 + 1 0.033 1571 + 1 0.057
8 1650 + O 0.040 1656 + O 0,064

10 1737 + 1 0.051 1745 + 1 0.113%

The scale readings are based on two measurements in the
case of the untreated samples, and three in the case of the
water-equilibrated samples,

The temperature of water equilibration might affect the
scale readlng obtained on a glven sample, since the solubllity
of water in kerosene-TBP solutions varies with temperature.
This effect was eliminated by equilibrating both sample and
standard at the same temperature, The use of a comparison
standard is an important part of the overall technlique de-
seribed 1n this report.

Temperature Temperature effects were determined at con-

centrations of 0, 5, and 10 per cent TBP. Water-washed
samples were placed in a constant temperature bath and
allowed to reach equilibrium, The sample cell was filled
with solution at the desired temperature and allowed to
stand a minute or two in order to bring the cell to the
approximate temperature of the solution., The cell was re-
filled with solution and the measurement was made as rapidly
as posslble., The data follow. Temperature values are
reliable to + 0.2°C.
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THE EFFECT OF TEMPERATURE
ON
OSCILLOMETER SCALE READINGS

Temp, °C O% TBP 5% TBP 10% TBP

19.2 - - 1749
20.0 1328 | 1528 -
22.0 1322 - -
25.0 1320 1521 1740
27.0 1318 1518 . 1738
30.4 1312 1509 1726

At a given concentration of TBP, the scale readings de-
creased with 1lncreasing temperature, These results are shown
graphically in Figure 1., A1l three curves are essentially
linear over the range 20 to 27°C with a slope of -1.5 scale
units/°C which 1s equivalent to -0.03%8 per cent TBP/°C.

These results were expected for two reasons, As the tempera-

ture 1Increases, the density of the solution decreases and

this effectively lowers the dielectric constant. Also, as

the temperature increases, the thermal energy of the molecules
increases and 1t becomes more difficult tec align the molecular
dipoles in the applied electrical field.

Kerosene One of the principal obJections to the dielectric
constant method and many other physical methods is that they
are not specific. Variations in the properties of the solvent
from lot to lof may introducé an érror into this particular
method, To estimate the magnitude of this error, samples

of five different lots of "Ultrasene" were obtained and
measurements were made on each. These data are shown in the
table followling. Measurements were made on the kerosene
directly at 22°C and after one water wash at 25°C. The
difference between the values obtained for a given sample

in the two runs was due primarily to this difference in
temperature. The standard deviatlion between lots was not
changed slgnificantly by washing and was equivalent to 0,05
per cent TBP,
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VARIATIONS IN OSCILLOMETER READINGS
WITH
DIFFERENT "ULTRASENE" LOTS

Scale Reading

Lot # 22°C (unwashed) 25°C (6ne water wash)
A 1300 1321
B 1325 1323
C 1320 1318
D 1321 1320
5 1322 1320
Ave, 1322 Ave, 1320,4
Std. Dev, 1.9 3td, Dev, 2.1

The dielectric constant method might yleld a different
precislion 1f applled to TBP in hydrocarbons other than
"Ultrasene". The variation should be small, but would have
to be determined for the specific system used,

Impurities The Impurities most 1likely to be present in
process samples are, MBP, DBEP, butanol, uranyl nitrate,
phosphoric acid, and nitric acid, These 1mpurities are
normally present in trace amounts and thelr effects were in-
vestigated at low concentration levels. The effect of phos-
phoric acid was not determined, but should be simllar to
that of nitric acid. The results are summarized in Table I.
All samples were made up to contaln 5 per cent TBP plus the
added impurity. Four control samples which were run with
the spiked samples gave a value of 5,00 + 0.02 per cent TBP,

Traces of nitric acid, uranyl nitrate and up to about
0.2 per cent MBP were removed by a single wash with distilled
water. Butancl and DBEP were not completely removed by this
procedure and 1lncreased the apparent concentration of TBP,.
One-tenth per cent of either of these impurities was approxi-
mately equivalent to 0,1 per cent TBP, If nec?s ary, the DBP
could be removed with a sodium carbonate wash, 5?

APPLICATION OF THE METHOD

Eleven standard solutions were made up and were used to
determine the reference curve, Three seriles of determinations
were run to confirm the fact that a single water-wash was
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sufficient to saturate the solutions. The first series of
measurements was made on the untreated golutions, and a
gecond and third series were made after one and two water-
washes respectively. The second and third serles gave
essentially duplicate values, and substantiated the con-
clugion that one wash is sufficient. These data are tabu-~
lated below, and the reference curve (solution with one
wash) 1s shown in Figure 2. The curve is essentlally linear
up to 5 per cent TBP with a slope of 39 scale units/% TRP.

REFERENCE CURVE O TO 10% TBP-"ULTRASENE" SOLUTIONS

TBP % Scale Reading
untreated one wash two washes

0 1323 1321 1321
1 1360 1359 1359
2 1501 1401 1738
3 1438 1439 1438
4 1478 1478 1477
5 1517 1517 1518
6 1557 1561 1561
7 1599 1604 1605
8 1642 1647 1647
9 1681 1688 1689
10 1726 1737 1737

Since the temperature coefficient 1is -0.0%8 per cent TBP
per °C, day to day variations in laboratory temperature
can zeriously affect the results. This temperature effect
can be eliminated elther by thermostating the samples at a
gilven temperature or by running a standard with the samples
and correcting each measurement accordingly. The second
alternative was adopted.

In summary, the routine procedure used was as follows:

1, A standard, or set of standards, was selécted to be
carried through the procedure for reference purposes.,
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2. The samples and standards were washed and centrifuged
(under the same conditions to mlnimize differences 1n
water content),

3. Readlngs were obtained by the Oscillometer. The tech-
nique used is described on page 8 {Experimental
Metheds).

4, A correction factor, or a set of factors, was obtained
by subtracting the experimental readings for each
standard from the "reference value" for the concentration
of the standard, as obtained from a "reference curve'".
The '"reference curve'" used in this work is Figure 2 of
this report: a similar curve should be made for a differ-
ent Oscillometer, with a different kerosene soclvent, or
with any other special differences from so-called
standard conditions.

5. The correction factor was added algebrailcally to the
Oscillometer readings obtained on the samples, and the
TBP concentrations were read from the reference curve,

This procedure was applied to a seriles of synthetic
samples and determinations were made on two different days
at appreciably different laboratory temperatures. The data
are shown below:

ANALYSTIS OF SYNTHETIC TBP-"ULTRASENE" SAMPLES

TBP found, per cent

Series #1  Series #2  Average ngraggii’ Deviation
1.32 1.34 1.33 1,40 ~-0.07
2.65 2.70 2.68 2.70 -0.02
3.78 3. 74 3.76 3.75 +0,01
4,51 4,55 4,53 4,48 +0.05
5.10 5.10 5.10 5.06 +0,04
5.70 5.65 5.68 5,64 +0.04
6.51 6.51 6.51 6.46" +0,05

906 9,02 9.04 9.04 0.00

These results show that the method met the required,precision
of +0.1 absolute per cent.

VT s aq ..y -0e M. Tubbard 1
LG ool 7 idalytical Chemistry Division
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TABLE I

THE EFFECTS QF IMPURITIES

Apparent % TBP

Impurity Concentration Untreated Washed
None - - 4,98

- - 5,04

r= — 4098

- - 5. 00

Mono~n-butyl Phogphate 0.1 vol, % 5.10 5.00
| 0.2 - 5. 04

0.4 - 5,11

Di-n~butyl Phosphate 0.1 vol., % 5.08 5,08
0.2 - 5,10

O U - 5.20

n-Butanol 0.1 vol. % 5.10 5.12
0-2 - 5019

Ooll' h 5'35

Nitric Acid 3 x 10™OM 5.19 5,00
6 x 1072 - 5.01

Uranyl Nitrate 0.017 mg U/ml 4,96 5,00
0-034 - 5000




