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Pilot-scale study on continuous production technology of ammonium polyphosphate
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Abstract: Aiming at the problems of high polymerization temperature, severe equipment corrosion and high cost
in traditional ammonium polyphosphate (APP) liquid fertilizer production, a pilot-scale continuous production
technology based on the ammonium phosphate-urea method is developed. By adopting a combined process
design of a twin-screw reactor and an anchor reactor, the effects of material ratio, reaction temperature, and
residence time on the effective phosphorus content, total nitrogen content, polymerization rate, and total
nutrient content of the product are systematically investigated. The results show that under the optimal process
conditions (the molar ratio of nitrogen and phosphorus of 1.05, first reactor at 160 °C and 260 r/min, second
reactor at 180 °C and 35 r/min), ammonium polyphosphate liquid products with a polymerization rate of 81%
and a total nutrient content of 48.60% can be stably prepared, and the daily production of 11-37-0 ammonium
polyphosphate liquid fertilizer specification reaches 1.57 t. This process offers advantages such as simple flow,
short reaction time, and low cost, providing technical support for the continuous production of ammonium
polyphosphate liquid fertilizer.
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Fig.1 Process flow of continuous production of APP
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Table 1 Experimental conditions of the first reactor

%' — A/ C — AR (e min™)
1 140 220
2 160 260
3 180 300
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Table 2 Analysis results of the outlet materials from the

first reactor

4 RES w(HR w(EE)/ BEXR wldSF
BOER% B% % pH % 53)1%
1 3460 5104 184  6.00 9 69.44
2 3062 5075 186 598 11 69.35
32097 49.18 19.1 6.00 18 68.28
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Table 3 Factors and levels of orthogonal experimental

B C
KF (Mﬁﬁﬂ@) <:%§g%ﬁ (:%iﬁf%ﬁ/
1 0.95 140 15
2 1.10 180 30
3 1.25 220 45
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Table 4 Design and analysis results of the orthogonal

experiment

;r?ﬁ 4B C wCEZD/ u(ﬁ%( ol R®E wliadst
5 % WE)/% % )%
1 1 1 1 9.78 3522 6.90 79 45.00
2 1 2 3 9.93 36.12  6.40 84 46.05
3 1 3 2 9.98 36.90  6.80 80 46.88
4 2 1 3 9.92 3748  6.70 82 47.40
5 2 2 2 11.88 3792  6.60 91 49.80
6 2 31 10.54 37.37  6.40 81 4791
7 31 2 11.19 36.98  6.70 80 48.17
8 3 21 11.68 36.75  6.70 85 48.43
9 333 11.01 36.41 6.40 80 47.42
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Table 5 Range analysis results of polymerization rate

index
IS k1/% k2/% k3/% KT WmE%
A 81.00 8467  81.67 2 3.67
80.33  86.67  80.33 2 6.34
81.67  83.67  82.00 2 2.00
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Table 6 Range analysis results of total nutrients index

IS E1/% §2/% k3/% AR 2%
A 4598 4837  48.01 2 2.39
B 46.86  48.09  47.40 2 1.23
C 4711 4828 4721 2 1.17
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Table 8 Analysis results of APP liquid fertilizer products

under different temperature conditions in the second reactor

EC w W% w(E)I% pH BEHI% w( I 1%

160 37.41 10.98 6.7 74 48.39
180 37.84 11.73 6.9 82 49.57
200 36.81 10.76 6.8 81 47.57
220 37.66 11.02 6.7 79 48.68
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Table 7 Analysis results of APP liquid fertilizer samples

produced with different nitrogen-phosphorus molar ratio

nCE) n () W(ﬁ(’);f%)/ w(%‘;jﬁ)/ ol %iﬁ/ w(;ﬁfﬁ:}’)/
1.00 36.95 10.33 6.6 72 47.28
1.05 37.48 1122 6.7 85 48.70
1.10 36.74 11.84 69 73 48.58
1.15 37.12 10.98 6.7 80 48.10
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Table 9 Analysis results of APP liquid fertilizer samples

under different rotational speeds in the second reactor

e wCERED  w(ER)/ BER wlBFEm)I
(r-min™) % % P g, %
20 37.12 1128 69 77 48.40
35 3743 117 71 81 48.60
50 36.65 1035 66 76 47.00
60 36.80 1077 68 79 47.57
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