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Introduction
A vast phosphate rock sedimentary reserve has been discovered in 

Guizhou province, south west of China, which is named as Kaiyang 
Phosphate Rock Reserve [1,2]. The characteristics of the phosphate 
reserve are that its phosphate content is relatively low, but it has some 
heavy rare earth elements such as yttrium and light rare earth such 
as lanthanum and cerium. Therefore this reserve is regarded as a vast 
phosphate reserve as well as a resource for rare earth oxides. However, 
the phosphorus content is in the range from 17 wt% to 24 wt%, which 
is poor to medium grade phosphate rock reserve [3-5]. 

It is estimated that there is about 1.248 billion tons of phosphorus 
deposit in the region which also contains about 1.446 million tons 
of rare earth oxide. The phosphorus deposit is distributed in 3 layers 
concurrence siliceous apatite deposit layer, siliceous phosphorus rock 
deposit, layering apatite deposit. 

In terms of composition, the phosphorus rock reserve can be 
classified into agglomerate siliceous phosphate, phosphate rock 
containing dolomite and bioclast. The phosphate rock is mainly 
composed of calcite floroapatite, which is present in the form of non-
crystalline, cryptocrystalline and colloid rock. Their main gangue is 
calcite, dolomite, and ankerite [5-7]. 

The impurities in the reserves include dolomite, calcite, quartz, clay, 
sphalerite and pyrite. The key feature of Kaiyang Phosphorite reserve is 
that it contains some amount of rare earth elements especially yttrium 
and light rare earth such as La, Ce, however, the content is lower [8-10].

Up to now, there has been lots of research into upgrading and 
extracting phosphate from the rock, which normally adopts the 
milling, flotation followed by acid leaching approach. This is a general 
processing adopted for all the phosphate rock [2], which mostly 
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by diffused reflectance using a Bruker Vertex-70. The geometry and 
morphology of the phosphate rock at different stages were investigated 
by JSM840F scanning electron microscopy (SEM), and the element 
analysis were determined by energy dispersive X-ray (EDX) in the 
scanning SEM mode. 

A 40 mL hanging cell floatation machine is applied to conduct pure 
phosphate rock flotation tests. The rock sample of each test is 1.5 g, 
adding 25 ml distilled water, the action times of modifier and collector 
are kept for 1 minute in both cases, the floated sample is collected, 
filtered and weighed, and the recovery yield is calculated

Results and Discussion
The Kaiyang phosphate rock sedimentary is generally low to 

medium grade reserve. In this research, 8 medium grade phosphate 
rock samples have been collected from different points and mixed 
evenly. The composition of the samples is given in Table 1. 

It is seen that the Kaiyang phosphate reserve contains about 21.4 
wt% of P2O5, it also contains significant amounts of Ca, Mg, MgO and 
Al as the metal components. There is a small amount of F, and the total 
rare earth metal oxide content is about 0.089 wt%.

It is seen that the Kaiyang phosphate reserve contains about 21.4 
wt% of P2O5, it also contains significant amounts of Ca, Mg, MgO and 
Al as the metal components. There is a small amount of F, and the total 
rare earth metal oxide content is about 0.089 wt%.

Each of the rare earth elements in the Kaiyang phosphate is 
measured in the raw rock and the results of the metal are shown in 
Table 2. The low non-detectable rare earth elements are not included. 
The high content of rare earth elements in Kaiyang reserve are Y, and 
La, Ce, the level of Nd is medium, and some Sm, Dy and Gd are also 
detected, although the main rare earth elements are light ones. Overall, 
the total rare earth content is high, in agreement with the literature. 

The XRD patterns of the Kaiyang phosphate rock are shown 
in Figure 1. The crystalline phases in the Kaiyang phosphate rock 
include quartz, fluorapatite which may contain La and Y even Gd 
in the crystallites. However the main phosphate crystalline phase is 
fluorapatite, which accounts for 90% of the phosphate in the rock. The 
gangue in the Kaiyang phosphate rock are dolomite and calcite, which 
are not very high, however, pure CaF2 phase is not detected which 
suggests that the F is mainly in fluorapatite [11-14].

The infrared spectra of the raw Kaiyang phosphate rock are shown 
in Figure 2. The raw phosphate rock has the main peaks at around 1035, 
602 and 501 cm-1 are ascribed to the apatite, maybe due to the rare earth 
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