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Study on the production of low-potassium industrial-grade monoammonium phosphate
from high-potassium medium-low grade phosphate rock
LIANG Fuzhong, SUN Jianxin, DENG Zizhao, JIANG Zhuojun, YU Jintao, CAI Yuanyuan
(Xinyangfeng Agricultural Technology Co., Ltd., Jingmen 448000, China)

Abstract: More than half of the phosphorus sources for the production of iron phosphate, a precursor of lithium
iron phosphate batteries, rely on high-quality industrial-grade monoammonium phosphate. Most of China’s
phosphate rock resources are medium-low grade collophane associated with potassium. Due to the high solubility
of potassium phosphate, the potassium content in industrial-grade ammonium phosphate produced from
phosphoric acid without potassium removal is 2 000 - 5 000 mg/kg. However, the potassium content in iron
phosphate needs to be lower than 50 mg/kg. The effects of the fluorine, silicate, potassium component ratio, the
aging temperature of crude phosphoric acid, flocculation precipitation of impurity, solid-liquid separation of
ammonia-neutralized slurry from aged acid, and pH adjustment of the cooling crystallization slurry of the
concentrated solution on the potassium content of industrial-grade monoammonium phosphate are studied. The
results show that when the raw material ratio remains unchanged, aging the crude acid at a temperature below
50 °C, keeping the flocculated impurity content below 1%, adjusting the pH of acid-ammonia neutralization to =
4.0, and adjusting the pH of the cooling crystal slurry of the concentrated slurry to 7- 9, industrial-grade
monoammonium phosphate with a potassium content below 300 mg/kg can be obtained, meeting the market
demand for iron phosphate.
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Table 1 Potassium content in different phosphate rock

w(K)SEME, w(K) AR

w(K) e i

WREAIE  w(P.05)/%

(mg-kg") {H/(mg-kg") fE/(mg-kg™")
KR 25 5320 5300 5340
fi%7 25 4390 4300 4 400
1.9/ 25 4004 3900 4200
Eik 28 4359 3 800 4700
iy 23 3414 3000 3700
FIR 22 1394 1100 1700
U J=E 22 3185 2 800 3 600
[9)2 22 2859 2 600 3 000
AR 22 2615 2100 3200
g 22 3051 2 500 3 400

R2 EFETAREANESE

Table 2 Content of each component in the prepared

rock for production %
WH  w(P0s) w(Mg0) w(Ca0) w(K.0) w(NaO)
1 26.40 1.4 42.20 0.384 0.180
2 28.20 1.6 42.80 0.447 0.448
3 26.60 2.0 41.40 0.428 0.375
4 27.10 2.0 42.70 0.206 0.107
5 26.30 1.8 40.70 0.385 0.311
6 27.60 1.6 42.90 0.200 0.123
7 27.70 1.7 42.80 0.211 0.117
8 25.60 2.1 40.10 0.351 0.297
9 26.40 1.6 40.00 0.426 0.337
10 26.80 1.5 40.10 0.363 0.212
11 25.60 1.7 38.40 0.410 0.314
12 26.80 1.9 40.60 0.273 0.165
13 27.66 1.6 42.10 0.245 0.090
14 26.26 1.7 40.08 0.471 0.340
S 26.79 1.7 41.21 0.340 0.240
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Table 3 Indexes of industrial-grade monoammonium phosphate produced from
the prepared phosphate rock
5iH w(NH.H,PO,)/ w(As)/ w(K){ w(Na)ﬁ/ ur(S){ w(Ca)ﬁ/ w(Mg)7/ w(Mn)7/
% (mg-keg™) (mg-kg™) (mg-ke™) (mg-keg™) (mg-kg™) (mg-keg™) (mg-kg™)
1 99.4 34.5 3252 175 818 31.2 36.3 36.30
2 99.5 31.0 3 828 201 780 24.0 29.0 24.00
3 99.3 33.2 4100 211 898 39.0 29.0 36.00
4 99.3 25.6 4344 206 993 40.0 38.0 23.00
5 99.2 39.9 3300 107 765 26.0 49.0 9.00
6 99.2 29.3 3073 191 751 37.2 54.0 17.80
RSl 99.32 32.25 3650 182 834 329 39.2 24.35
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w(l#) 65% . Kif2<0.150 mm (100 H) ik 85%I7)
WK, R BRIR L 53 T B w (P,Os)  18% ~ 26% 1)
R, W0 Ags . fE. BREED IR R & AR R
o7 FFAE PR PR AL B T B SR FR B DT TE BT 1 o B 32
BAL N h Cas(POL)SF, 248 FIR R 520 I AR il
IR FIOMEES I R R 5 45 i, oAb 22 e i = F
Cas(PO,):F + 5H.S0., + mH,0 3H:PO, +5CaS0.-m/5H.0 | +
HF T, (1)

S A2 A HE 55858 s AR Si0, B A= i
H.SiFs,
6HF + 810, = H.SiF, + 2,0,

SRIEHER R BN BRARTORE A A T R

(Na,K),0 + H,SiFs== (Na,K).SiFs | + 0. (3)
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Table 4 Effect of temperature and pH on solubility of

(2)

potassium fluorosilicate

L/ Al pH T SRR A B/ (g L)
C 1.5 2.0 2.5 3.5
0 1.104 3 0.7529 0.605 4 0.5857
10 1.2978 1.0372 0.9140 0.820 4
20 1.656 2 14151 12925 1.128 6
30 22532 1.993 1 1.8172 1.486 4
40 3.2243 2.8379 2.540 3 2.176 4
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H;PO, + NH;=—=NH,H,PO.; (4)
H,PO, + 2NH,== (NH,),HPO,; (5)
H:PO, + 3NH;== (NH,);PO,; (6)
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3(Fe, A)MgNH,(HPO.),F, + 6NH.H,PO. + Si0, + 5H,0;  (8)
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Table 5 Precipitates of ammoniated slurry at different
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Table 6 Experimental raw materials

pH values
LB pH DUTEDZH AL
1.0~1.6 (Fe, Al);NH,H;(PO, )4+ 6H,0
>1.6~2.2 (Fe, A)NH.(HPO,),H.0
23 (Fe, ADNH,(HPO,),+0.5H.0
>2.3~<3.5 (Fe, A1)NH,HPO.F,
3.5 (Fe, Al)sNH,H;(PO.)4+ 6H0 |
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(Fe, Al)Mg(NH.),(HPO,).F;
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>8 (Fe, Al),NH,(PO,),0H-2H,0

(FE,AI)(NH4)ZH2(P04)2F'71H20
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Fig. 1 Production process of low-potassium ammonium

phosphate by reduction of potassium in WPA
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Table 7 Experimental instruments and equipment
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Table 8 Impurity content in phosphoric acid after aging
at different temperatures

A w(ED w(K) wNa)  w(S/ w(AD/ w(Ca)/
JE/C % (mg-kg') (mg-kg') (mg-kg') (mg-kg') (mg-kg™)
70 0.74 4720 2550 1 540 601 3132
65 0.80 3834 2490 1280 403 2781
60 0.83 3478 2222 1276 393 2758

55 0.84 3134 2053 955 282 2591
50 0.85 2818 1322 434 334 2126
45 0.88 2342 1263 255 144 1557
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Table 9 Impurity content in clear liquor of amino acid neutralized slurry at different pH values

FE i w(Mn)/ w(Zn)/ w(AD/ w(Ca)/ w(Na)/ w(S)/ w(Cr)/ w(K)/ w(Ti)/ w(Fe)/
Jii ' P (mg-kg') (mg-kg') (mg-kg') (mg-kg') (mg-kg') (mg-kg') (mg-kg') (mg-kg') (mg-kg') (mg-kg')
0t 0.70 281 20 4217 2001 1330 7472 1516 1107 28 4093
1# 1.92 257 18 3757 1336 1170 6307 14 819 25 3750
24 2.36 247 17 2552 1172 1080 6069 9 625 1 1599
3# 2.87 231 13 567 893 1059 6197 4 502 0 372
4t 3.53 197 8 192 658 1040 6379 2 465 0 178
St 4.41 128 5 44 307 998 6380 1 448 0 82

R OBl Al R, PRAEBERRAE 5 2 AT Hh A
WEJR, SRR A K S AR, b 2o i

F10 pHMRELEREHE. HAENTIN
Table 10 Effect of pH on potassium and sodium

a5 T pH PR T T T S T AT pH EF}#2.87 contents in crystals of crystal slurry mg/kg

DU IEBC R & TR A C AR, w(K) 5% S A a flAHb [l c

A BB K F/NT 500 me/ke KT 5 3 32 88 R4 iR w(K)  w(Na)  w(K)  w(Na)  w(K) w(Na)

qjﬁfiﬂ_\ipHii@J23U\fﬁ@fiqu’J%§\ @g\ %E\ {ﬁ\ K1 5284 2142 1755 1599 240 201
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