Conclusions

The TVA process for the production
of granular diammonium phosphate can
be used in conventional ammoniation-
granulation plants with the addition of
only a preneutralizer tank and an
ammonia scrubber. Recycle require-
ment for grades such as 18-46-0 and
21-53-0 is relatively low, about 2.5
pounds per pound of product, because
the process takes advantage of the change
in solubility of ammonium phosphate
with the NH;: H3;PO; mole ratio to assist
in control of granulation. The pre-
neutralizer is operated near the NHj:-
H;PO, mole ratio giving maximum
solubility of ammonium phosphate to
obtain the most concentrated slurry
with satisfactory fluidity, and the am-

moniator—granulator is operated at an
NH;:H;PO4 mole ratio giving low
solubility to further reduce the amount
of liquid phase present. With operation
of the preneutralizer at an NH;: H3;PO,
mole ratio of about 1.4, the temperature
of the slurry can be as high as 245° F.
without excessive loss of ammonia, and
effective use can be made of the heat
of reaction to evaporate water. The
process also is applicable to the produc-
tion of N-P-K fertilizers.
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A routine analytical control procedure was developed for the determination of calcium in

phosphate materials by an EDTA method.

Interferences from P, Fe, Al, or Mn and from

ions of salts of acids or bases used to decompose the samples were avoided by addition

of triethanolamine and/or dilution of the aliquot to be titrated.
back titration with a standard calcium carbonate solution were also employed.

Continuous stirring and
The indi-

cator was a mixture of Calcein and thymolphthalein; the ftitration was carried out at

pH 12.0 or above.

With the phosphates tested, the procedure appeared to be about as

accurate as the calcium oxalate—potassium permanganate method and required less than

half the time.

HE DETERMINATION of calcium is re-
Tquired in many phases of the manu-
facture of phosphorus or phosphates from
natural ores. In nature, phosphorus
usually occurs as calcium phosphate asso-
ciated with various contaminants. The
proportion of calcium in these ores af-
fects the process used to recover the
phosphate. In the wet process for
making phosphoric acid, calcium oxide
in the ore reacts with sulfuric acid, and
this affects the amount of acid consumed.
In the electric furnace process for making
phosphorus or phosphoric acid, silica
must be added to the phosphate to com-
bine with the calcium oxide present to
form a calcium silicate slag which can be
removed from the furnace. Many phos-
phate fertilizers and food-grade phos-
phates contain calcium. The proportions
of calcium to phosphorus in these ma-
terials affect the manufacturing processes
used, aswell as the quality of the products.
Therefore, improvements in the analyt-
ical method for determining calcium in

phosphate materials contribute to more
efficient phosphate manufacturing proc-
esses.

The calcium oxalate-potassium per-
manganate method is used ordinarily to
determine calcium in phosphate ma-
terials. This method involves time-
consuming steps of precipitating and fil-
tering calcium oxalate to separate the
calcium from the phosphorus. But the
direct determination of calcium in the
presence of phosphates would signifi-
cantly reduce the time required for such
a determination. In view of this, the
application of an EDTA (the disodium
salt of ethylenedinitrilotetraacetic acid)
method for this purpose was investigated.

Within the last two decades, the use
of EDTA in the determination of cal-
cium has gained wide acceptance be-
cause of the accuracy, speed, and con-
venience with which such an analysis can
be made. The development of EDTA
methods has been summarized by Borch-
ert (7), Reilley ¢t al. (73), Verma and
Theratril (75), and Welcher (76).
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The theories upon which these methods
are based, together with the factors affect-
ing the methods, have been discussed in
detail by Flaschka (7, 8) and Reilley et al.
(73). In general, EDTA methods in-
volve the stoichiometric formation of a
complex between the calcium ions and
the EDTA in the presence of an indicator
which is specific for free calcium ions
under the ttration conditions. Obvi-
ously, the indicator must exhibit a def-
inite color change when all the calcium
ions have been complexed by the EDTA;
yet the indicator must not form such a
stable complex with the calcium that the
calcium cannot be removed by the
EDTA.

The feasibility of applying an EDTA
method to analysis of calcium in phos-
phate materials used in production of
phosphorus and phosphate fertilizers
was investigated. The materials tested
were

Phosphate rock (consisting mostly of
collophane but containing some clay,
silica, and limestone as impurities).
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Table I. Typical Analyses of Phosphate Materials
Percentage of Constituent in Phosphate Material
Calcium
Phosphate Nodulized silicate Calcium Concd.
Constituent rock® phosphate slag metaphosphate superphosphate
P,0O; 35.5 27.5 1.2 64.6 55.0
CaO 49.8 39.5 46.0 26.5 23.6
SiO, 7.4 24 1 38.0 6.3 2.1
Fe, O, 0.7 3.3 0.3 1.1 0.6
Al,Oy 0.9 4.2 9.2 1.3 0.3
Na,O 0.07 0.3 0.3 . 0.2
K.O 0.09 0.8 1.2 0.04
MgO 0.04 0.3 0.3 0.2
MnO:. 0.006 0.6 0.2 . 0.03
F 3.95 2.2 2.8 0.3 .
SO; 0.4 . 0.5
Ba 0.1 .
Sr 0.1

@ Florida phosphate used in the production of calcium metaphosphate and concentrated

superphosphate. A mixture of Florida and Tennessee phosphates is used to produce
nodules.
Table ll. Analyses of Calcium Carbonate Solution by EDTA and by Calcium

Oxalate-Potassium Permanganate Methods

CaO, %

Recovered by EDTA

Recovered by Oxalate

Sample Added Observations Range Observations Range
1 48.0 4 48.0-48.0 9 47.8-48 .6
2 48.0 6 48.1-48.2 13 47.8-48 .2
3 48.0 6 48.1-48 .1 3 48 .0-48.4
Av. 48.09 48 .07
Std. dev. 0.05 0.18

Nodulized phosphate. (This is phos-
phate ore that has been partially fused to
form agglomerates of suitable size for
furnace charging. The principal min-
eral phase of the fused portion is a
cryptocrystalline material approaching
fluorapatite.)

Calcium silicate slag (a fused mixture
of calcium silicate and calcium alumi-
nate).

Calcium metaphosphate (a glass made
by reacting P,O; with phosphate rock;
the product contains a small amount of
crystalline pyrophosphate).

Concentrated superphosphate (an im-
pure mixture of mono-, di-, and trical-
cium phosphates with the monocalcium
phase predominating).

Analyses of these materials are given
in Table I.

The method was first used to analyze
a standard calcium carbonate solution.
Then various chemicals were added to
the calcium carbonate solution; these
chemicals were those expected to inter-
fere when the EDTA method is used with
phosphate materials. Finally, the modi-
fied procedure was used to analyze the
phosphates, and the values obtained
using this procedure were compared with
those obtained with the calcium oxalate-
potassium permanganate method.

Experimental

Adaptation of an EDTA method to
the determination of calcium in the
phosphates mentioned above required
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some changes in previously reported pro-
cedures.

Since calcium is only one of several
determinations ordinarily made on these
materials, the concentration of the EDTA
solution had to give a reasonable titer
when used to titrate an aliquot equivalent
to 0.05 gram of sample. Because such
an aliquot normally contains 12 to 24 mg.
of calcium oxide, the concentration of the
EDTA solution was adjusted so that
each milliliter was equivalent to approxi-
mately 0.7 mg. of calcium oxide.

Three indicators—Murexide, Ponta-
chrome Blue Black R. and Calcein—were
tested for their end-point color change
during a typical EDTA titration of the
phosphates being analyzed. With Mur-
exide, the color change was so gradual
that the end point was difficult to detect.
With Pontachrome Blue Black R, the end
point could be satisfactorily detected.
However, Calcein indicator in the pres-
ence of an alcoholic solution of thymol-
phthalein gave a sharper color change.

This sharpness of color change at the
end point, along with other advantages
described by Diehl and Ellingboe (5)
and Tucker (74), resulted in the selection
of Calcein. Diehl and Ellingboe reported
that when Calcein is used as the indica-
tor, calcium can be titrated with EDTA,
even in the presence of large amounts of
magnesium, and that sodium, chlorine,
nitrate, acetate, and sulfate ions do not
interfere with this titration. They ob-
served that, whenever present, barium
and strontium are titrated along with the
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calcium under the test conditions. How-
ever, these two elements are also titrated
as calcium when the calcium oxalate-
potassium permanganate method is used.
But the percentages of barium and stron-
tilum in the phosphate materials are so
small that their effect upon the amount of
calcium determined by either method can
be ignored for practical purposes.

To determine the accuracy of the
EDTA titration of calcium solutions free
of possible interfering elements, samples
of reagent-grade calcium carbonate were
titrated with EDTA solution, and these
values were compared with analyses ob-
tained by the calcium oxalate-potassium
permanganate method. As shown in
Table II, data obtained by the two
methods indicate that the EDTA method
gives more precise results than the
oxalate-permanganate method.  The
average values obtained by both methods
were slightly higher than the quantity
added, but they were essentially the
same.

The phosphate samples are solubilized
by fusing with sodium hydroxide and-
Jor digesting with perchloric acid or
a mixture of hydrochloric and nitric
acids.  The solution is subsequently
treated with potassium hydroxide to
bring its pH to 12.5. Therefore, any
aliquot titrated would normally contain
a relatively high concentration of sodium
chlorate, potassium chlorate, potassium
nitrate, or potassium chloride. The
effects of the above salts upon the EDTA
titration were determined by adding each
or a combination of them to an aliquot of
the standard calcium carbonate solution
and titrating. The amounts of salts
added were in excess of that expected in
the digested sample. Analyses of these
samples and visual observations indicated
that no interference occurred from the
addition of these salts in the concentra-
tions tested—that is, 10 mg. of salt per ml.
of solution titrated.

Previous investigators, Brooke and
Hollbrook (2), Collier (3), Diehl, Goetz,
and Hach (6), and Mason (9), concluded
that it is usually necessary to remove the
phosphate ions when calcium is being
titrated with EDTA to avoid large nega-
tive errors which they attribute to the
precipitation of calcium phosphate at the
high pH ordinarily used.  However,
Collier (4) later reported that although
calcium phosphate may precipitate, the
titration can still be carried out because
the precipitate is redissolved when EDTA
solution is added.

During the present study, some false
end points were observed in the titration
of samples containing phosphate. This
obstacle was overcome by adding an ex-
cess of EDTA solution, stirring for 5
minutes and back-titrating with standard
calcium carbonate solution. Various
amounts of potassium acid phosphate
were added to aliquots of standard cal-
cium carbonate and the mixture was ti-



trated. The ratios of phosphorus pent-
oxide to calcium oxide in these treated
aliquots were as great as 2.5, which is the
maximum ratio expected in the materials
to be analyzed. No interference from
the phosphates was encountered at con-
centrations up to 52 mg. of PyO; in the
portion titrated.

EDTA forms complexes with most
metal ions under certain conditions, so
any analytical procedure for a specific
cation must be designed to prevent inter-
ferences from other cations. The typical
analyses of the phosphate materials
(Table I) show the cations present in the
materials. After the acid digestion of any
of these materials, the solution contains
phosphate, calcium, iron, aluminum,
potassium, magnesium, manganese, SoO-
dium, and sulfate ions. Results of tests
made by the authors indicate that the
phosphate, potassium, sodium, and sul-
fate ions do not interfere with the titra-
tion when the aliquot is diluted to a 300-
ml. volume, Tucker (74) reported that
magnesium does not interfere with the
determination of calcium by the EDTA
titration under these conditions. Pribil
(72), Nielsch (70), and Podlaha and Ull-
mann (77) reported that interference
from the ions of iron, aluminum, and
manganese can be eliminated by the
addition of triethanolamine. Therefore,
the effectiveness of the triethanolamine
was determined. Samples of the stand-
ard calcium carbonate solution were pre-
pared so that they contained the equiv-
alent of 48 mg. of calcium oxide and
various amounts of compounds of iron,
aluminum, and manganese either sep-
arately or in combination. The amounts
of iron, aluminum, and manganese added
were as much as four times the amounts
normally found in the samples of phos-
phate marterials. The amounts of
triethanolamine added were as much as
20 ml. in the 300-ml. volume to which the
aliquot had been diluted. At the lower
concentrations of these metals, no inter-
ference was observed, even without
the addition of any triethanolamine.
(This lack of interference was attributed
to the effects of dilution.) At higher con-
centrations, even 20 ml. of triethanola-
mine did not completely eliminate inter-
ferences; some titrations showed off-
color or indistinct end points. However,
results of these tests indicated that 5 ml.
of triethanolamine satisfactorily pre-
vented interference when the concen-
trations of these metals were twice that
ordinarily found in the phosphate
materials—that is, 3.5 mg. of ferric oxide,
6.2 mg. of aluminum oxide, and 0.6 mg.
of manganese dioxide in 300 ml. of solu-
ton.

Analytical Procedures

Reagents. EDTA Sorvrion. Dis-
solve 4.775 grams of reagent-grade
EDTA in distilled water and dilute to 1

Table Il

Calcium Oxide Contents of Phosphate Materials as Determined

by EDTA and Calcium Oxalate~Potassium Permanganate Methods

Ca0, %

EDTA Method

Oxaclote Method

Sample Observations
Phosphate rock 10
Nodulized phosphate 10
Calcium silicate slag 6
Calcium metaphosphate 10
Concentrated superphosphate 10

Range Observations Range
44 .0-44.3 5 44 0-44 .4
38.8-39.1 6 38.8-39.0
48.9-49 .0 6 48.8-49.2
28.3-28 .6 6 28.4-28.8
23.1-23.3 6 23.0-23.4

liter. Each milliliter of this solution is
equivalent to approximately 0.7 mg. of
calcium oxide. Standardize this solu-
tion against a standard calcium carbo-
nate solution.

STANDARD CaLciuM CARBONATE SOLU-
tioN. Dissolve 2 grams of reagent-grade
calcium carbonate in 15 ml. of hydro-
chloric acid and dilute to 1 liter.

CaLceiN InpicaTorR SoruTion. Dis-
solve 2 grams of reagent-grade potassium
hydroxide in 100 ml. of distilled water
and dissolve 0.85 gram of Calcein dye in
this solution.

TayMoLPHTHALEIN INDICATOR SoLu-
TioN. Dissolve 1 gram of thymol-
phthalein powder in ethanol and dilute
to 1 liter with ethanol.

Dissolution of Sample. Dissolve 1-
gram samples of the different phosphate
materials in reagent-grade chemicals as
follows:

PuospuaTe Rock. Fume with 30 ml.
of 729, perchloric acid or a mixture of 30
ml. of hydrochloric acid and 10 ml. of
nitric acid.

Nopburizep  PHosPHATE ~ FURNACE
Feep. Fuse with ¢ grams of sodium
hydroxide and then fume with 63 ml. of
72%, perchloric acid.

CarciuM SILICATE Srac. Fume with
20 ml. of 729 perchloric acid.

CavrciuM  METAPHOSPHATE.  Digest
in a mixture of 30 ml. of hydrochloric
acid and 10 ml. of nitric acid.

CONCENTRATED SUPERPHOSPHATE.
Digest in a mixture of 30 ml. of hydro-
chloric acid and 10 ml. of nitric acid.

Filtration, Dilution, and Titration.
After all samples have been dissolved,
dilute, filter, and make them up to a
volume of 500 ml. with distilled water.
Take a 25-ml. aliquot (equivalent to 0.05
gram of the original sample), transfer to a
600-ml. beaker, and dilute to 300 ml.
with distilled water. Add 5 ml. of tri-
ethanolamine. Adjust the pH of the so-
lution to about 12.5 with approximately
12N potassium hydroxide solution. Add
three drops of Calcein indicator and 13
drops of thymolphthalein indieator.
Place the solution on a magnetie stirrer
under a fluorescent lamp having a black
base and back. While the sample is
being stirred, titrate it with EDTA solu-
tion; add at least 5 ml. of excess EDTA
solution. Continue stirring for 5 minutes,
and then back-titrate the solution with
standard calcium carbonate solution un-
til a bright, clear, green color appears.
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Analyses of Phosphate Materials

Samples of five phosphate materials—
phosphate rock, nodulized phosphate,
calcium silicate slag, calcium metaphos-
phate, and concentrated superphosphate
—were analyzed for their calcium con-
tents by both the EDTA and the cal-
cium oxalate-potassium permanganate
methods. A comparison of these analy-
ses, shown in Table III, indicates good
agreement,

Conclusions

The EDTA method described in this
article is used routinely for the control
of processes to produce phosphorus, cal-
cium metaphosphate, and calcium super-
phosphate.  Considerable savings in
analysts’ time are realized; after the
sample has been solubilized, the time re-
quired for calcium determination is about
15 minutes by the EDTA method as
compared with 1 hour for the calcium
oxalate — potassium  permanganate
method. Possibly the EDTA method
can be applied to the determination of
calcium in other phosphate materials,
but such an application would require
additional investigation similar to that
described in this article.
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FERTILIZER EFFECTS ON PLANT COMPOSITION

Influence of K, Ca, and Mg Application on
Acid Content, Composition, and Yield of

Tomato Fruit
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Campbell Soup Co., Riverton, N. J.

Two field experiments involving various rates of K, Ca, and Mg were conducted to deter-
mine the influence of these cations on titratable acidity, total acidity, acid composition, and

yield of tomato fruit.

acidity, total acidity, citric acid content, and tomato yields.

Potassium applications induced significant increases in titratable
Neither Ca nor Mg applica-
tions produced significant differences in acid content or yield of fruit.

Acids normally

present as salts were converted to the hydrogen form by passing filtered tomato puree

through the cation exchange resin, Dowex 50.

Titratable and total acidity were de-

termined by titrating aliquots of filtered tomato puree before and after resin treatment,

respectively.

to determine acid composition.

ATTERSON (9) in 1890 reported that

K fertilization tended to produce
tomato fruit with less sugar and more
acid than where no K had been applied.
Lee and Sayre (7) presented evidence
which indicated an inverse relationship
between soil moisture and acidity levels
in tomato fruit. They further noted
that the acid content of tomatoes varied
during the season. In 1946, Lee and
Sayre (8) reported that K fertilizers
produced tomato fruit that were higher
in total acid than where no K was ap-
plied. This was noted particularly
where relatively large amounts of K were
used.

Carangal ¢ al. (3) observed that
variations in the content of individual
acids in tomato fruits grown under
greenhouse conditions were not caused
by an individual ion, such as NO,,
NH;*, or K*, but rather by an inter-
action of ions.

1ljin (5) observed that plants affected
with lime-induced chlorosis contained
more citric acid than healthy plants.
The amount was directly correlated with
severity of the disease. Large increases
in citric acid concentration were noted
before symptoms of chlorosis became
visible.

Bear and Toth (7) concluded that
conditions approach optimum for cation
nutrition of alfalfa when 65% of the
exchange complex is occupied by Ca,
109, by Mg, 5% by K, and 209, by H.

! Present address: Campbell Soup Co.,
Davis, Calif.
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Lambeth (6) obtained similar results with
a variety of vegetable crops.

The objective of this study was to
determine the influence of K, Ca, and
Mg applications on yield, titratable
acidity, and acid composition of tomato
fruit.

Experimental

Experiment 1. A split plot factorial
experiment with 12 treatments and three
replications was established on a Free-
hold sandy loam soil at Riverton, N. J.
Each plot consisted of five rows, 5 feet
apart and 30 feet long. Tomato plants
were set 3 feet apart in the rows. Main
plot treatments were 0 and 930 pounds
of Ca per acre. Three rates of K appli-
cation and two of Mg were superim-
posed in random arrangement on the
main plots. Rates of K and Mg were
0, 166, and 332 pounds per acre and 0
and 152 pounds per acre, respectively.
The Ca, Mg, and K were applied as
calcite limestone, kieserite, and muriate
of potash, respectively.

The Ca, Mg, /5 of the N, and /5 of
the K were broadcast and thoroughly
disked before planting. The remaining
portion of the K and N were sidedressed.
No P was applied because laboratory
soil tests indicated a high level in the plot
area. The pH of the soil was 5.9. The
soil contained 477, 58, and 86 pounds
per acre of Ca, Mg, and K, respectively,
as determined by methods outlined by
Hester and Shelton (4).

Southern grown Improved Garden
State plants were set in the field on May
14 under ideal conditions, Ripe tomatoes
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lon exchange and partition chromatographic techniques were employed

were picked at 10-day intervals. Fruits
from the August 24 picking were pureed
and canned for subsequent analysis.
Acid anions in the puree samples were
separated by partition chromatographic
techniques (2).

Experiment 2. A split factorial de-
sign with 18 treatments and four rep-
lications was used. Plots consisted of
four rows spaced 5 feet apart and 30
feet long. Plants were set 21/, feet apart
in the row. The main plots included
two rates of Mg. Sub-plots were made
up of three rates of K and three of Ca
and were superimposed in random
arrangement on the main plots.

The K, Mg, and Ca treatments were
based on the cation exchange capacity
(C.E.C.) of the soil and its initial per-
centage saturation with these cations
including H. The C.E.C. of the Eves-
boro sandy loam soil at Riverton, N. J.,
averaged 4.3 meq. per 100 grams as
determined by the method of Peech
et al. (70). The pH of the soil was 5.3,
The initial percentages of K, Ca, Mg,
and H on the exchange complex were
1.9, 26.1, 5.8, and 66.29, respectively.
The applications of 150 and 365 pounds
per acre were calculated to adjust the
C.E.C. from 1.99, K to 6 and 129,
respectively. Similarly, Ca was applied
at rates of 600 and 1650 pounds per acre
which were equivalent to increasing the
exchangeable Ca from 26.1 to 61 and
1229%, respectively. Magnesium ap-
plications of 24 and 108 pounds per acre
were made to regulate exchangeable Mg
levels at 8 and 169, respectively.

Calcium as calcite limestone was



