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Quality control method for producing DAP from medium and low-grade phosphate ore

based on whole process data control model
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Abstract: In response to the industry challenge of large fluctuations in the production process of DAP caused by
impurities in medium and low-grade phosphate ore and the difficulty in achieving stable and optimal product
quality, a data model-based whole process quality control method for the entire process is proposed and
validated. A multivariate coupled quality control model of “phosphate slurry-dilute phosphoric acid-concentrated
phosphoric acid-DAP” is constructed by integrating multi-source data from key processes such as phosphate
slurry preparation, phosphoric acid extraction, concentration, and ammonium phosphate synthesis. Correlation
analysis and constraint optimization algorithms are used to clarify the key control thresholds for impurity molar
ratios in various stages applicable to the production of medium and low-grade phosphate ore: phosphorus slurry
MER = 0.135, dilute phosphoric acid MER < 0.120, and concentrated phosphoric acid MER =< 0.100.
Based on this threshold, a dynamic warning and closed-loop control system of “three-level monitoring+global
coordination” has been established. One year of industrial practice has shown that the model can effectively
suppress the impact of impurities in raw materials. Under the condition of an average MER of 0.138 for
phosphate slurry, the stable production of DAP products throughout the year has reached the standard of
high-quality products. The monthly total nutrient fluctuation amplitude is less than 0.5 percentage points, and
the qualified rate of high-quality products has reached 100%. The comprehensive utilization rate of phosphorus
resources has been significantly improved. This study provides a quantifiable and replicable engineering solution
for the large-scale and high-value utilization of low-grade phosphate ore.
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Table 1 Analysis data of phosphate concentrate slurry

in 2022

SH  w(P0)/% w0(Mg0)/% w(Fes0,)/% w(ALO,) /% Mg‘
20224F1H 27273 1.075 0.975 1.806  0.142
20224E2 7 27392 0.921 1.047 1.890  0.141
20224E3H  27.400 1.087 1.040 1.801  0.143
20224F4 H  27.545 1.075 1.097 1753 0.143
20224E5H 26.075 0.984 0.941 1274 0.109
20224E6 7 27731 1.015 1.031 1418 0.123
202247 )1 28.278 1.079 1.001 1.692  0.134
20224F8 H  28.369 1.123 1.012 1.601  0.141
202249 27.779 1.248 1.019 1.673  0.142
20224E10 4 27.522 1.220 0.970 1734 0.143
20224F 11 H 27435 1.152 0.990 1.817  0.144
20224E 1271 27.620 1.250 1.062 1.810  0.149
SRy 27.535 1.102 1.015 1.689  0.138
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Table 2 Pearson correlation coefficients between MER

MER fE |

values of each process link and DAP finished product

quality indicators
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Table 3 Quality control model for phosphate ore slurry - dilute phosphoric acid - concentrated phosphoric acid - DAP
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Table 4 Quality indicators of finished product of DAP in 2022

m (K P,0s)/

WH w(BF)I%  w(N)/% — w(FELP,05)/% w(IKIE P.05)1% " w(EE A% REEAHERI%
m(HEP.0s)/
202241 H 64.28 17.28 47.01 41.46 0.8820 2.15 98.57
202242 H 64.23 17.24 46.98 41.58 0.8852 2.26 98.62
202243 64.24 17.58 46.66 41.56 0.890 7 2.08 98.57
202244 H 64.27 17.58 46.69 41.41 0.886 2 2.05 98.56
202245 F 64.27 17.57 46.70 41.54 0.8778 2.06 98.41
20224£6 ] 64.42 17.43 46.99 41.93 0.890 7 2.11 98.53
202247 H 64.70 17.56 47.14 42.22 0.8957 2.18 98.54
20224£8 J] 64.32 17.51 46.81 41.73 0.8916 2.08 98.45
20224£9 J] 64.32 17.71 46.61 41.73 0.886 7 2.18 98.02
2022410 H 64.40 17.26 47.14 41.64 0.8829 2.17 98.13
20224F 11 H 64.36 17.35 47.02 41.67 0.886 3 2.13 98.38
2022412 H 64.39 17.52 46.87 41.62 0.884 3 2.20 98.46
AR 64.34 17.50 46.84 41.66 0.886 4 2.14 98.42
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