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Innovation of fused calcium magnesium phosphate products
to promote industry development
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Abstract: Fused calcium magnesium phosphate (FMP) is an alkaline mineral fertilizer riched in P, Ca, Mg, Si

and other nutrients. It can supply trace elements needed by plants, relieve acidic soil, effectively reduce heavy

metal pollution and improve crop nutrition and quality. FMP has been considered as a low-content phosphate

fertilizer for a long time. Its production and sales have dropped from nearly 10 million tons in peak period to

about 1 million tons in recent years. Its market share is only about 1% of the total phosphate fertilizer, and its

price is not high, which makes it difficult for enterprises to operate. In this paper, the nutrient availability of

FMP was analyzed from the point of plant nutrition, make sure the necessary of FMP as an important fertilizer

product. From present industrial technology bottlenecks, the output and market situation of FMP in recent years

was analyzed through detailed data. Approaches were proposed for increasing quality and improving industrial

profit of FMP at the end. Most of phosphorous ore resources are low in grade in China, FMP industry is

developed to adapt this special situation. FMP contains 12%-20% of citric soluble P,O;. The availability of P in
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FMP is low at the beginning, but increases significantly with the extension of time. And then the P efficiency of
FMP is higher than that of superphosphate in acidic soil at last. The availability of Ca, Mg and Si are much higher
than those in most industrial slag, which could compensate the supply of alkaline ions and against acid stress, and
the silicon also is required for the healthy growth of crops such as rice and sugar cans. So FMP is good not only as
phosphorous fertilizer, but as multi-functional amendments, especially in China as the existence of large area of
acid farmland. The approaches to promote the development of FMP should be considered from the following
points: 1) From the product themselves, regulating the included trace elements and appeared as multifunctional
soil and plant nutrient conditioner. 2) Producing granulated products to suit mechanical application and blend with
other fertilizers. 3) Special product standard, including quality items, should be formulated to reflect the
advantages of the FMP product. 4) Application methods should be studied according to various product
characteristics. In general, the bottleneck of the FMP industry development could be broke through by technology

and product innovation, precise marketing and services.
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Fig. 1 The annual yield of FMP of China from
2010 to 2018
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Fig. 2 The number of production enterprises of FMP from
2010 to 2018
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Fig. 3 Proportion of FMP output in total phosphate
fertilizers from 2011 to 2018
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Table 1 The price ratio of FMP compared with chemical fertilizers in Korea, Japan and China

FMP 3£ FMP source JRZ Urea TSRS SSP Sk KC1
H A7 L FMP in Japan 110% 127% 121%
w5 [ AT FMP in Korea 96% 117%
rf E4GEEREAE FMP in China 29% 117% 28%

1 (Note ) : Hir#s HL=E5EEBENENAE/MERMAAE x100% Price ratio = FMP price/listed fertilizer pricex100%

00
o ”

Si

4 $EEERAARINIBIR LA
Fig. 4 The glass structure of FMP
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Jti A 3G, 7K G DA - 458 T Lk ] it A a7 A0 S
LA, JEMACR PR — SASIAR . BEE W —
SRS, e AT SRR B T R S . W IR R
TUKBER A IR TR, B R Y R
pH FJAKE 1.5 IR, 70 J8 Bl 3y fknd, e
TR R A5 BEE AU, YRR EEH
Bk — RS, e 7 A A N G R T
VE, B AR S EOK T R G 1 9 24 2 R
FRMEEE RN 2 —0, RS T 135,
TR KRR, B — R A A W VR A R
AHLASA, KB 5 1 ) e - 398 W B = A b=
Mgk e, H R EREERR, £0—K, B
RN 35.8%, &M TR, FEFRN 46.5%Y,

T FMP g # i3 PE AR RE, 26 00 3% i P Bt
pH FHE & N R (1 6), i AFRYE RIS, I
- 3955 R AV il AR R O B R S AL T A, BRI
W, HUEDWCRI, A H e . i
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Table 2 Acid solubility of middle elements in slags and FMP

SiO, Ca0 MgO
Sk Source
T(®%) C(%) /T T(®%) C(%) /T T(%) C (%) C/T

R (KT Blast furnace slag (water quenching) 33.7 18.5 54.9 40.1 29.5 73.6 6.6 40 60.6
P (2212) Blast furnace slag (slow cooling) 332 13.0 39.2 418 17.0 40.7 438 32 66.7
L k4P Tron slag from electric furnace 42.1 19.4 46.2 48.0 27.3 56.9
RN Ferromanganese slag 34.4 20.3 59.0 41.4 31.1 75.1
B (BE) Yellow phosphorus slag (alkalinity) 45.1 34.7 76.9 42.0 36.9 79.9
W (BR1E) Yellow phosphorus slag (acidity) 50.9 22 4.3 923 232 549 6.3
PR FMP R Vietnam 24.0 23.9 99.9 324 31.0 95.5 17.8 165 929

H A Japan 20.5 24.5 99.9 30.9 162 162 99.9

£ (Note ) : T—rF#4) Total content; C—H¥& 1k Citric soluble content.
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