


























Tests were run to determine whether other ions present in typlcal citrate
process samples would interfere with this analysis. No interference was
observed for solutions 0.5M in citric acld and also containing 0.2M sulfide,
thiosulfate, bisulfite, trithionate, tetrathionate, or dithionite.

The sulfur concentration in the original aqueous sample is calculated
from the equation,

A _,
C =8500b
where C = sulfur concentration in moles per liter,
A = solution absorbance in absorbance units,
and b = cell path length in centimeters.

Samples for whilch the absorbance exceeds the instrument scale may be
diluted with TCE without affecting the determination, in which case a correction
for dilution must be applied to the relationship above.

Thiosulfate

Two methods were used for thiosulfate determination. In most cases stan-
dard jodometric titration was sultable (6). (See also "Bisulfite' sectlon of
the present report). Interference by bisulfite was prevented by masking with
formaldehyde; a correctlon to the lodine titer must be applied for hydrogen
sulfide present in the sample.

During investigations of citrate process chemistry aud reactions, a thio-
sulfate analysis was required that was not susceptible to error from unknown
components of sample solutions that might consume iodine, thereby introducing
an Iindeterminate error in the ilodine titer. A high-performance ligquid chromato-
graphic (HPLC) procedure was developed to supplement the lodometric method.

Egquipment and Material

A Perkin-Elmer model 1220 liquid chromatograph and model LC55 variable
wavelength UV detector coupled to a Beckman model 1005 strip chart recorder were
used for the analysis. The sample injection valve was fitted with a 30-
microliter sample loop. The analytical column was 2.6-millimeter~inside~diameter
by 0.5-meter-long stainless steel packed with Zipax strong anion exchange
pellicular resin (DuPont Instrument Co,). Peak areas were integrated elec~-
tronlcally by a Spectra-Physics Autolab System IV data analyzer. Reagent-grade
cadmium sulfate in degassed distilled water was used as the eluent (mobile
phase).

Procedure

Prior to injection onto the column, samples were diluted fiftyfold with
distilled water to prevent overloading the low-capacity resin. Samples were
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If the residue 1s colored, add concentrated nitric acid and continue fuming
until colorless. Finally, fume down to a 2-milliliter volume, cool, and
add 250 milliliters distilled water, methyl orange indicator, neutralize
with aqueous ammonia, and reacidify with 6 drops excess concentrated HCI.

4, Heat the sample, add 5 milliliters of a solution of 225 grams
BaCl,” 2H, O in 2 liters of water. Cover the sample and boil for 5 minutes,
then allow to simmer for 30 minutes. Remove from heat and cool overnlight. The
precipitate can now be recovered by filtration, after which BaS0, is determined
by heating the filter paper plus precipitate at 900° C for 30 minutes in an
annealing cup and weighing the BaSQ, .

Buffer Species

Citric Acid
For process control and material balance calculations, it is essential to
be able to quantify the buffer component of process solutions as well as the

reactants., The following procedures were used.

Equipment and Material

Automatic titrations were performed on a Mettler DKI1C-DK1l titrimeter with
model GALQ recorder. Visible absorbance was measured on the Cary model 15
spectrophotometer. All chemicals were reagent grade.

Procedure

A Bureau=developed titrimetric method was used for most laboratory experi~-
ments and for pilot plant testing under thils program. The basis for the method
1s the release by ordinarily tribasic citric acid of a fourth acidic hydrogen
upon coordination with cupric ion (20). A 1.0~-milliliter aliquot of sample is
diluted to about 50 milliliters with water. Hydrogen peroxide (5 milliliters
of 30-percent solution) is added, and the solution is heated to 90° C for 5
minutes to destroy bisulfite, which interferes with the titration. After
cooling, the sample is titrated to just past the end point with standarized
NaOH solution, about 0.1N. (The titrimeter should be operated in the differen-
tial mode to provide sharp deflnition of the end points.) Copper sulfate penta-
hydrate, about 0.6 gram, is then added, and the sample is titrated to & second
end point. The volume of titrant added between the two endpoints 1s recorded.
At the end of the titration the concentrations of citrate and cupric ion should
be approximately 0.005M and 0.02M, respectively. The citric acid concentration
(C), 1n grams per liter is calculated from

C = (N)(V)(192.1),

1

where N = normality of NaOH titrant,

and \Y

Il

volume of titrant added between end points, in milliliters.
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