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Experiment and calculation for phase equilibria in quaternary system of
ammonium dihydrogen phosphate—diammonium hydrogen
phosphate—ammonium polyphosphate—water

Xiaofu LU, Dehua XU, Zhiye ZHANG, Xinlong WANG", Lin YANG
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Abstract: Ammonium polyphosphate is widely used in water H,0 (d
soluble fertilizer industry due to its excellent water solubility,
slow-release property and chelation. However, ammonium
polyphosphate is easily hydrolyzed into ammonium
dihydrogen phosphate and diammonium hydrogen phosphate
in storage, and the composition of its aqueous solution changes
continuously. It's solubility decreases with decreasing
polymerization rate, causing crystallization and precipitation

in the storage solution, that increases the cost of transportation AP (b)

and application. The quaternary phase diagram of ammonium APP@
dihydrogen phosphate—diammonium hydrogen
phosphate—ammonium polyphosphate—water at 25 °C was established by using Schreinemaker wet slag method, and
the mass distribution of each component in saturated liquid and wet slag phase was obtained by ion chromatography
and mass conservation equation. The reasons of crystallization and precipitation of ammonium polyphosphate solution
were explained, which was a guidance for storage and use of ammonium polyphosphate as a high efficiency water-
soluble fertilizer. The polymerization degree of ammonium polyphosphate was diverse due to the variety of ammonium
polyphosphate products produced by the manufacturers. There were different solution systems while the ammonium
polyphosphate as a compound fertilizer raw materials, and it was time-consuming and laborious to obtain phase
diagrams by experiments for each system. The calculation of water—salt phase diagram by mathematical model can
save a lot of experimental work and provide the basis for the agricultural use of ammonium polyphosphate. In order to
quickly obtain phase diagrams of other ammonium polyphosphate systems, local composition model of electrolyte
solution was introduced to get solvent (salt)—salt interaction energy parameters of the experimental system. The phase
diagram calculated by regression parameters was in good agreement with the experiment, and it can be used to predict
the phase diagram of other ammonium polyphosphate systems.
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fR¥5 MAP, DAP 1 APP )58 T i i Arss R, it
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k=0.4267 g/g. KL EMEMANL(), 52 25CTF
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%=1 25CT MAP-DAP-APP-H20 PU7Tik AIHE &4 1E

Table 1 Experimental phase equilrium data of MAP-DAP—APP—H>0 quaternary system at 25°C
Saturated liquid phase Wet slag phase Equilibrium solid
WMAP WDAP WAPP WDAP Wapp phase
0.2846 0 0 0.7792 0 0 MAP
0 0.4060 0 0.8160 0 DAP
0 0 0.5318 0 0.8520 APP
0.1545 0.3305 0 0.5470 0.2988 0 MAP+DAP
0 0.0660 0.4695 0.2232 0.5689 DAP+APP
0.0960 0 0.4637 0.2727 0 0.6372 MAP+APP
0.1058 0.1098 0.3590 0.2654 0.2022 0.4046 MAP+DAP+APP

K2 25CT MAP-DAP-APP-H,O JYJCAH
Fig.2 MAP-DAP-APP-H:O quaternary phase diagram at 25°C
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FHEE 2 AT, 4l Sh 7KV B R B — il
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o, HEERJIH, MAP KGRI EFEE S APP
DAP 1. SREFIEFI(ER)-EhAH BAEHRE =2 40Us, Rl it
T 25°CH} MAP-DAP-APP-H,0 VU Jiik R A0 P #5it5,
THERFEILE 3. B554 MAP #l DAP HIIKREENE, %4
€ APP B EAME, WA & B R R
IS E] APP 135 AN, SaihiG R MUl APP
mEERME, EEHE, HEFEMRTE
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o [dd i MAP 1 DAP, 4k4: FikidfE, 55—
41 MAP 1 DAP {715 F 1) APP VRNV iR FE £ d . Jlid
B4 MAP 1 DAP [ 0] A4S 2] — R 51 APP WA A,
B IX L ALK RN APP (BRI L, [FIRE 59T
PIf3E] MAP Hil DAP [ hififige, Mimf53] 25°CTF
MAP-DAP-APP-H,O VU ik &P .

#*2 25CF MAP-DAP-APP-H:0 MUtk ZiAF(E) -BEEEREESH
Table 2 The solvent (salt)—salt interaction energy parameters of quaternary system MAP—DAP—APP-H>O at 25°C

System 1/2 712 1 o RMSE
MAP-DAP —44.1847 —52.3937 0.0714 0.0034
MAP-APP —50.2356 -51.2822 0.0505 0.0066
DAP-APP -51.0273 —48.5526 0.0168 0.0022
MAP-H,0 —48.7329 —49.1457 0.0014 0.0004
DAP-H,0O —48.8102 —48.5720 0.0079 0.0032
APP-H,0 —48.8832 —48.7999 0.0094 0.0050

Note: ¢ =Y |(InKsp™ — InKsp*) / InKsp™|/n , RMSE = \/Z(ansp“f’ —InKsp, ™) /n .
i=1 i=l

Input the model expressions and parameters
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List the activity product equation of saturated
salt

/\

\

Input concentration value of MAP and DAP are
0, saturation point of APP is obtained

Input concentration value of MAP and APP are

0, saturation point of DAP is obtained

Input concentration value of APP and DAP are
0, saturation point of MAP is obtained

N

Change concentration value of MAP and DAP,
saturation line of APP is obtained

Change concentration value of MAP and APP,
saturation line of DAP is obtained

Change concentration value of APP and DAP,
saturation line of MAP is obtained

e e L

The ternary co-saturation point is obtained by
combining three activity product equations

K3 MAP-DAP-APP-H>0 VYJCik ZAHF-H it iR K
Fig.3 Flow chart of phase equilibrium calculation for MAP-DAP—-APP-H20 quaternary system
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APP

Kl4 25CTF MAP-DAP-APP-H.0 VY cAHE
Fig4 MAP-DAP-APP-H20 quaternary phase diagram at 25°C
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