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A rapid routine control procedure is described for the determination of sulfate in wet-

process phosphoric acid using a phototurbidimetric titration technique.

The titration and

mechanical stirring are carried out in a photocolorimeter cell to a point where no increase

in absorbance is detected after titrant addition.

acids do not interfere.

within 20 minutes of receipt of sample,

PRIOR to the commissioning of a wet-
process phosphoric acid plant, it
became necessary to evaluate all avail-
able published methods for determining
the sulfate content of phosphoric acid.
A knowledge of this content is very
important for plant control, and the
method chosen had to be rapid and
sufficiently accurate for this purpose.

The classical gravimetric barium sul-
fate method, although probably the most
accurate, if carefully carried out, had to
be ruled out as the analysis time is too
lengthy. The questionable accuracy of
the rapid gravimetric method has been
shown (5), and although this is the most
used process control method, it still
requires about 2 hours to complete
one determination. Several modifica-
tions of this method have been used
including centrifuging techniques, but all
depend on several critical factors, and
deviations from these result in even
greater inaccuracies.

Turbidimetric methods have been
used for determining sulfate ions in
various solutions, including phosphoric
acid (3-5). but the conditions under
which turbidity is developed must be
controlled closely if reproducible barium
sulfate suspensions are to be achieved.
Also, variations in the phosphate content
of the acid can affect the accuracy of the
sulfate determination (7). Thus ad-
ditions of standard phosphate solution
must be made to the aliquots to bring
them up to a constant predetermined
phosphate concentration.  This, of
course, complicates the procedure and
further increases the analyses time.

Direct and indirect titrimetric methods
for the determination of sulfate ions have
been reviewed (6). These methods have
the advantage of speed but, unfortunately,
phosphate interferes seriously and must
be removed if reasonable results are to be
obtained. Prior separation of phosphate
introduces further steps in the procedures
with a corresponding increase in analysis
time.

A Russian paper (2) relates that a

phototurbidimetric titration technique
was used to determine the sulfate con-
tent of wet-process phosphoric acid.
Atrractive features of the method were its
apparent independence of the phosphate
concentration in the final aliquot and its
nonreliance on particle size repro-
ducibility.  This method, then, was
chosen for further study.

Analytical Procedures

Reagents. BaritmM CuroripE (0.01
AM). Dissolve 2.443 grams of reagent
grade barium chloride dihydrate in dis-
tilled water and make up to 1 liter.

HvybrocurLoric  Acip. 209,  v./v.
Dilute 200 ml. of hydrochloric acid
(sp. gr. 1.16) to 1 liter with distilled
water,

Apparatus. PHOTOCOLORIMETER.
Bruno Lange Model J. with No. 805
cuvettes.

LABORATORY STIRRER. Multifix, with
flexible shaft drive and special stirring
device.

Dissolution of Sample. Weigh 5 ml.
of filtered phosphoric acid, and transfer
to a 500-ml. graduated flask. Add 25
ml. of 209 hydrochloric acid, and dilute
to the mark with distilled water.

Dilution and Titration. Transfer a
30-ml. aliquot to the titration cell, add
25 ml. of ethanol and 20 ml. of distilled
water. Place this cell in the right-hand
side holder and a similar cell containing
distilled water in the left. Position the
stirrer in one corner of the cell, away
from the light path, and switch on the
motor, adjusting the stirring speed to
800 r.p.m. Set the instrument to zero
using the right side iris control, with the
sensitivity controls set to the middle
position. Add approximately half the
volume of titrant required, allow equilib-
rium to be attained, and then reset the
instrument to zero with the left side
control. Finish the titration by adding
increments of titrant at regular intervals,
allowing equilibrium to be obtained each
time before resetting to zero. At the
end point, no further increase in absorb-
ance will be detected with the addition of
titrant, and the absorbance will start to
decrease with further titrant additions
because of the dilution effect of excess

Impurities normally present in wet-process
The sulfate content of the sample may be determined accurately

titrant. The sensitivity controls can be
turned to the maximum setting near the
finish of the titration, resulting in sharper
end points. The volume of ttrant is
recorded, and the sulfate content of the
sample obtained by reference to the
calibration curve, previously prepared
from standards.

Experimental

Adaptation of this method to the
apparatus available in this laboratory
required some changes in the original
procedure. The optical cells used for
titration in the photocolorimeter avail-
able required a solution depth of at
least one and a half inches for the light
beam to be below the surface. This
meant that the final volume taken for
titration had to be increased to 75 ml.

It was desirable to be able to cover
the range of sulfate contents expected,
with a single aliquort size. It was deter-
mined experimentally that the range
from 0 to 79, sulfate content could be
covered adequately with a 30-ml. ali-
quot, which is eguivalent to approxi-
mately 0.40 gram of sample. To keep
the percentage of ethanol at the 30 to
359% level, 25 ml. of ethanol was added
to the aliquot, and the final volume was
then made up to 75 ml. with distilled
water before titration. The strength of
the barium chloride titrant was changed
to 0.01M, and, when using the dilution
and aliquot size outlined in the pro-
cedure, 1 ml. is equivalent to approxi-
mately 0.29% sulfate in the original
sample.

Having then departed from the
original conditions outlined as regards
cell size and shape, titration volume, and
its sulfate content, some experimentation
was necessary to determine the most
efficient stirrer design and speed. Several
types of stirrer paddles were fabricated,
including the spiral type used in the
original reference. The design chosen,
after evaluation of the different types in
situ, is shown in Figure 1. At the de-
termined stirrer speed, no tendency
of the precipitate to layer out was
noticeable. As such, when equilibrium
in the reaction between the titrant and
sulfate ions was attained, needle fluctua-
tions were barely perceptible.
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