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Fig. 1 Process flow diagram of iron phosphate production
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Table 1 Impurity composition of ferrous sulfate heptahydrate

w/%

H20 MgSO4 MHSO4 Alz(SO4)3 KQSO4 Na2504 PbSO4

7.14 0.21 0.07 6.56 0.91 0.10 0.01
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Fig. 2 Iron phosphate production process simulation
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Table 2 Comparison of simulated product quality and enterprise quality requirements
w/%
Type
Water Sulfur Magnesium Aluminum Manganese Sodium Potassium
Enterprise quality requirement <0.4 <0.06 <0.005 <0.05 <0.01 <0.005 <0.01
Simulated product quality 0.07 0.01 1.37x107° 3.33x10™ 8.65x107° 1.07x10°° 1.32x107*
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Table 3 Comparison of hot pure water usage and filtration results in situations with the different number of centrifuges

Flow rate of hot pure
Number of centrifuge

Total mass fraction of SO4*~ and HSO4~

Mass fraction of iron phosphate
Product output/(t-h™)

water/(t'h™") in the filter cake in the product/%
Two (1+1) 144.58 5.185x107° 3.51 99.68
Three (2+1) 67.88 5.184x107° 3.51 99.67
Four (2+2) 45.73 5.191x107° 3.50 99.73
Five (3+2) 38.63 5.200x107° 3.50 99.70
Six (4+2) 34.88 5.181x107° 3.50 99.68
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Table 4 Washing standards for various centrifuges

Centrifuge ~ Total mass fraction of SO4>” and HSO, in the filter cake
4-1 5.8740%107
4-2 1.2543%107
4-3 1.931x10°*
4-4 5.19x10°°
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Fig. 3 Total mass fraction of SO,>” and HSO,™ in the inlet and outlet flow streams of four horizontal screw centrifuges
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Fig. 5 Influences of reused washing water on the pure water and phosphoric acid consumption in the dissolution process of ferrous sulfate
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Table 5 Limiting inlet and outlet data of key water-using unit

Limiting
Limiting inlet
Water-using Water outlet Load/
mass fraction/

unit flowrate/ (t-h™") 104 mass fraction/ (kg-h™)
10°°

Dissolution 1 15.57 16135 20000 60.18
Dissolution 2 7.66 1894 20000 138.69
Centrifuge 4-1 15.98 1978 12784 172.68
Centrifuge 4-2 15.98 460 2765 36.83
Centrifuge 4-3 11.45 74 420 3.96
Centrifuge 4-4 11.45 16 116 1.15
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Fig. 9 Limiting composite curve
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Fig. 10 Design of direct reuse water network (Unit: t/h)
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Table 6 Comparison of impurity contents of cake after filtration
before and after water integration

Mass fraction/%

Component
Before integration After integration
H;PO, 2.89x107? 2.51x107
H30" 5.03x107° 4.54x107
H,PO4~ 2.38x107? 2.25%107
SO4%, HSO4~ 5.19x1073 1.77x107
NHy4" 6.10x107* 2.10x10™*
Mg* 6.12x107° 2.09x10°°
AP* 1.49x107* 5.09x107°
Mn** 3.88x10° 1.32x107°
Na* 4.78x10°° 1.63x10°°
K* 5.90x107° 2.01x107°
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Table 7 Comparison of impurities discharged by the filter in the
first extrusion stage before and after water integration

Flow rate/(kg-h™")

Component
Before integration After integration
H3POy4 360.41 451.61
H30° 122.41 134.05
H,PO4 101.20 118.03
S04*, HSO4 2524.41 2719.96
NHy' 293.92 316.87
Mg** 2.97 3.20
AP 72.53 78.15
Mn?* 1.88 2.03
Na* 2.32 2.50
K* 28.64 30.86

* 8 TS /KBTI Rk S X [
Table 8 Comparison of pure water consumption by water-using
units before and after water integration

Pure water consumption/(t-h™")

Water-using unit

Before integration After integration

Dissolution 1 12.97 0
Dissolution 2 7.56 3.60
4-1 13.32 4.55
4-2 13.32 1.15
4-3 9.55 4.15
4-4 9.55 9.87
Total 66.27 23.32
5 & i
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Full-Process Simulation of Iron Phosphate Production and
Integration of Water Systems

DING Baoling, YANG Minbo, FENG Xiao
(School of Chemical Engineering and Technology, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: Based on industrial production data, the complete production process of iron phosphate was established
in Aspen Plus V14 software. The process primarily uses ferrous sulfate heptahydrate and ammonium dihydrogen
phosphate as raw materials, with hydrogen peroxide as the oxidant. The oxidation reaction yields iron phosphate
dihydrate, and the final iron phosphate product is obtained through subsequent washing, drying, and calcination
stages.Aiming to address the issue of high water consumption in the iron phosphate production process, research on
water system integration and optimization was conducted. This was achieved by varying the number of horizontal
screw centrifuges and optimizing water usage in both the raw material dissolution and product washing stages. The
process simulation results show an annual iron phosphate output of 25 200 t, with a relative error of 0.8% compared to
the design value. Taking into account both pure water consumption and equipment costs, the optimal configuration was
determined to be the use of four horizontal screw centrifuges. Through water system integration, pure water
consumption was reduced by 85.88%, and wastewater discharge from the washing process was cut by 99.24%.

Key words: synthetic ferric phosphate; full process simulation; water system integration; direct reuse; water pinch
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