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Solubility of Urea Phosphate in Water + Phosphoric Acid from
(277.00 to 354.50) K

Jian-wei Tang,* Rong-zhe Mu, Bao-lin Zhang, and Xiu-shan Fan

School of Chemical Engineering, Zhengzhou University, Zhengzhou, Henan 450002, China

The solubility of urea phosphate in water phosphoric acid from (277.00 to 354.50) K was measured by a
synthetic method at atmospheric pressure, where laser monitoring observation equipment was used. The experimental
data were correlated with the Apelblat equation, and the average relative deviation (ARD) between experimental
data and calculated data was only 1.61 %. The result is a necessary complement to the data of urea phosphate
solubility.

Introduction

040
Urea phosphate is an amino structural complex manufactured

by the reaction between urea and phosphoric acid. Besides being
used as chemicals, agricultural fertilizer, or livestock feed
directly, urea phosphate can also be blended with nitrogenous
fertilizer, phosphate fertilizer, and potassium fertilizer to adjust
the proportions of various nutrient conte&fsOn the basis of

the properties of urea phosphate, such as high-analysis nu-
trient content (total nutrient mass fraction is up to 60 %) for
crops, good solubility of product in water, and its acidic solution,

a water-soluble compound fertilizer manufacturing technology
with processing urea phosphate plus potassium chloride was
developed by Jian-wei Tang et &lfor the agricultural
application of dripping/spraying irrigation. The solubility of urea
phosphate in water- phosphoric acid is very important in
studying the crystallization mechanisms during the synthe-
sis reaction between urea and phosphoric acid. However,
only the solubility of urea phosphate in water at 319.15 K
(202 gL 1) can be found in previous data® The solubility of
urea phosphate in watet phosphoric acid was measured
systematically.
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Figure 1. Experimental solubility mole fractior; of urea phosphate (1)
in water+ phosphoric acid (2) with mole fractiow from T = (277.00 to
354.50) K.

constant temperature bath (type CH1015, with the water
temperature controlled at an accuracy46f0.1 K), made by
Chemicals. Phosphoric acid, AR grade, mass fraction of Shanghai Hengping Instrument & Apparatus Factory,
85.0 %, was produced by Tianjin Huadong Chemical China, with a magnetic stirrer (type 85-2), made_ by Shanghai
Reagent Factory. Urea, AR grade, purity mass fraction of 99.0 Leéngpu Instrument & Apparatus Factory, China. A laser
%, was produced by Tianjin Huadong Chemical Reagent Mmonitoring observation system (made by Zhengzhou University,
Factory. Urea phosphate was synthesized by the above-China, and consisting of a laser transmitter, a signal acceptor,
mentioned phosphoric acid and urea and recrystallized three@nd @ digital reader) was used to judge the dissolving termina-
times for purity mass fraction of 99.0 %. Distilled water was tion. The temperature of the system was determined by a

Experimental Section

self-made.

The solute and solvent were quantified by an electronic
balance (type AR2140, within the measure range from (0 to
210) g and an uncertainty af 0.0001 g) and manufactured by
Mettler-Toledo Corp.

Apparatus. The solubility of urea phosphate in water
phosphoric acid was determined by a synthetic methdavith
a laser monitoring observation system. Its main part was a
jacketed glass vessel (100 mL), which was maintained at a
desired temperature through circulating water provided by a
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thermometer inserted in the materials, with an uncertainty of
+ 0.01 K.

Procedure Predetermined solute and solvent were placed into
the jacketed vessel, and the magnetic stirrer was run to mingle
with the two phases. Meanwhile, the laser monitoring observa-
tion system started to record the resolving status of the solid.
The laser beam signal from the laser transmitter permeated the
vessel and got into the signal acceptor, and the transformed
electric signal was displayed on the digital reader. When the
system was slowly heated with continuous stirring, the particles
in the solvent disappeared thoroughly at some time, and the
signal approached a maximum value. The solubilifyof urea
phosphate at the temperature can be recofd€d.
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Table 1. Experimental Solubility as Mole Fraction x; and Calculated Valuex: ¢ of Urea Phosphate (1) in Water+ Phosphoric Acid (2) with
Mole Fraction x, from T = (277.00 to 354.50) K

TK  x/%  xud% Oxd% RDI%  TK  x/%  xud% Oxd% RDI%  TK  x/%  xud% Oxd/% RD/%

X2 =0.000
277.00 5.21 5.48 0.28 —5.31 307.04 14.02 14.07 0.05 —0.41 327.09 2257 22.75 0.18 —0.77
277.98 5.49 5.68 0.20 —3.58 30855 14.67 14.64 —0.03 0.20 328.16 23.09 23.27 0.18 —0.78
278.95 5.79 5.89 0.10 -1.73 31014 1542 1526 -0.16 1.02 330.18 24.03 24.28 0.25 —1.05
280.28 6.12 6.17 0.05 —-0.80 311.07 15.81 15.63 —0.18 1.12 331.06 2445 24.73 0.28 —1.12

282.57 6.73 6.69 —0.04 0.67 312.83 16.39 16.34 —0.05 0.30 33199 2490 25.20 0.30 —1.20
284.40 7.08 7.12 0.04 —-055 314.04 16.99 16.84 —0.15 0.87 332,67 2523 2555 0.32 —1.27
286.56 7.74 7.65 —0.09 110 317.08 17.99 18.13 0.14 —0.78 333.30 25.75 25.88 0.13 —0.52
288.13 8.31 8.06 —0.25 3.05 318.20 18.36 18.62 0.26 —1.40 335.66 27.18 27.12 —0.06 0.23
290.21 8.87 8.62 —0.25 2.82 31926 18.80 19.09 0.29 —151 339.05 28.82 28.95 0.13 —0.44
292.30 9.40 9.20 -0.20 2.07 320.78 19.58 19.77 0.19 —0.98 340.84 29.63 29.94 0.31 —1.04
293.18 9.73 9.46 —0.27 279 32144 19.82  20.07 0.25 —1.26 34256 31.01 30.90 —-0.11 0.35
294.36  10.08 9.81 -0.27 2.67 322.00 20.02 20.33 0.31 —1.53 344.10 31.83 31.77 —0.06 0.18
29554 1051 10.16 —0.35 3.31 32258 20.25 20.60 0.35 —1.71 34594 33.20 32.83 —0.37 1.14
297.60 11.08 10.81 -—0.27 251 323.10 2054 20.84 0.30 —1.46 348.28 34.89 34.19 -0.70 2.03
299.83 11.74 1153 -0.21 1.76 323.60 20.84 21.07 0.23 —1.13 350.08 36.08 35.24 —0.84 2.32

303.28 12.64 1271 0.07 —-050 32486 2140 21.67 0.27 —1.25 35160 37.22 36.15 —1.07 2.89
305.40 13.36 13.47 0.11 -0.79 326.20 22.06 22.31 0.25 —1.16

Xo = 0.044
276.92 2.65 2.71 0.06 —244 31056 11.25 11.00 —-0.25 226 34041 27.00 27.11 0.11 —0.40
279.40 3.10 3.06 -—-0.04 1.17 313.15 12.24 12.03 -0.21 1.72 34154 27.68 27.91 0.23 —-0.85
282.62 3.69 3.56 —0.13 349 316.16 13.25 13.30 0.05 —0.41 343.15 28.75 29.08 0.33 —1.15
285.68 4.19 4.10 -0.09 220 31952 1473 14.84 0.11 —0.72 34465 29.95 30.20 0.25 —0.83

288.91 4.66 4.72 0.06 —1.40 320.22 15.16 15.17 0.01 —0.10 346.28 31.26 3144 0.18 —0.57
290.17 4.92 4.99 0.07 —-1.34 32428 16.69 17.21 0.52 —-3.11 34716 3230 32.12 -0.18 0.56
291.75 5.31 5.34 0.03 —-054 327.04 1883 18.70 —0.13 0.69 348.44 33.39 33.13 —0.26 0.77
295.85 6.17 6.32 0.16 —2.54 329.93 20.76 20.35 —0.41 1.96 350.00 34.43 34.38 —0.05 0.15
297.90 6.71 6.86 0.16 —2.35 33192 21.75 2154 -0.21 0.97 351.13 35.38 35.31 —0.07 0.22
299.80 7.27 7.40 0.13 —-1.77 333.81 2254 2271 0.17 —-0.73 35195 36.18 3599 -0.19 0.52

300.65 7.76 764 -0.11 147 33560 23.76 23.85 0.09 —0.41 35254 36.57 36.48 —0.09 0.23
302.77 8.18 8.29 0.11 —1.38 337.25 2525 2494 -0.31 1.24 35343 37.20 37.23 0.03 —0.08
304.69 9.13 891 -0.23 247 338.86 26.14 26.03 —0.11 0.40 35450 3789 38.15 0.26 —0.69
307.86 10.09 10.00 —0.09 0.97
X2 =0.109

279.47 1.22 1.34 0.12 -10.11 311.58 8.15 8.14 -0.01 0.07 33948 2181 2231 0.50 —2.29
280.95 151 1.49 -0.02 1.48 315.80 9.70 9.76 0.06 —0.64 340.40 2246 22.90 0.44 —1.97
281.77 1.61 157 -0.04 231 31765 10.38 10.53 0.15 —1.40 34153 2349 2364 0.15 —0.64
283.31 181 1.74 -0.07 3.67 32098 1196 12.01 0.05 —0.45 34349 2498 2494 -0.04 0.16
286.58 2.16 2.15 0.00 0.10 32458 13.72 13.74 0.02-0.16  345.23 26.28 26.12 —0.16 0.60
291.90 3.08 298 -0.11 3.45 32652 1498 1474 -0.24 1.62 34727 2748 27.52 0.04 —-0.15
297.73 4.28 413 -0.15 3.48 328.82 16.20 1596 —0.24 150 349.20 29.09 28.87 —0.22 0.74
302.29 5.29 5.24 —0.05 0.85 33152 17.29 17.47 0.18 —1.06 349.76 29.65 29.27 —0.38 1.29

305.27 5.90 6.08 0.18 —2.96 333.23 1851 18.46 —0.05 0.29 35240 31.69 31.15 —0.54 1.71
307.68 6.74 6.82 0.08 —-1.18 336.42 20.13 20.38 0.25 —1.25

X, = 0.216
281.68 1.48 1.64 0.17 —-11.36  308.27 6.43 6.16 —0.27 420 336.23 1655 17.11 0.56 —3.35
285.22 2.01 2.01 0.00 0.23 31347 7.67 7.64—0.04 0.50 338.25 17.72 18.20 0.48 —2.75
288.54 2.57 240 -0.17 6.53  316.05 8.50 8.46 —0.05 0.56 341.22 19.73 19.89 0.16 —0.82
292.37 3.11 293 -0.18 5.63 319.38 9.46 9.61 0.15 —1.54 34420 2153 21.68 0.15 —0.67
295.31 3.53 3.40 -0.13 3.77 32336 11.09 11.12 0.03 —0.30 347.03 23.80 23.46 —0.34 1.42

299.93 4.18 4.24 0.06 —1.42 327.16 1232 12.71 0.39 —3.22 34950 2596 25.08 —0.88 3.39
302.85 4.82 4.85 0.03 -0.69 33216 14.62 15.03 0.41 —2.83 35257 28.07 27.18 —0.89 3.18
305.46 5.34 5.45 0.11 —-1.99

Table 2. Parameters of Equation 1 for Urea Phosphate (1} Water following Apelblat equatioft (eq 1), and the parametess B,
+ Phosphoric Acid (2) and C were listed in Table 2.
X2 102A 1028 C ARD/%
0.000 0.76 —57.07 —-10.42 1.43 In x, = A+ B/(T/K) + C In(T/K) 1)
0.044 0.90 —71.08 —-12.04 1.18
0.109 2.49 —152.74 —35.23 1.64 o . -
0.216 14.00 99.94 _19.08 574 The deviation §xy o), relative deviation (RD), and average

relative deviation (ARD) between the experimental value and
the calculated value were defined as follows in eq 2 to eq 4,
Results and Discussion respectively

The experimental solubility of urea phosphate in water

phosphoric acid was presented in Table 1, whBi¢ is the 0% e =X 0~ % @
absolute temperature. The mole fractionsand x; ¢ are the

experimental solubility and calculated value, respectively, of X, — Xq ¢

urea phosphate in water phosphoric acid with mole fraction RD = X—1 3)

xo. All the experimental solubility data were fitted with the
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N the calculated value was only 1.61 %. The results show that
[) 1(x=x)/x1] the method is available and that the data determined are
£
ARD = ) acceptable.
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