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Abstract 
Simulate the production of phosphoric acid by wet process is conducted in batch experiments fa-
cilities by adopting phosphorus concentrate as raw material from Wengfu, Dazhou city, with a 
view to study sulfuric acid concentration, reaction time, crystallization temperature of calcium 
sulfate, active additive, the influence of seed crystal on the size and shape of calcium sulfate crystal 
under conditions of Wet process phosphoric acid productive process. The research results show 
that under the conditions of the liquid-solid ratio of 4:1, the sulfate acid stoichiometric ratio of 1.1, 
phosphoric acid mass fraction of 21%, the crystallization temperature of 75˚C, crystallization time 
of 120 min, when (NH4)2SO4 taken as active additives, Mg-doped calcium sulphate crystal as crys-
tal seed can obtain rodlike crystallization of stability, thickness, uniformity. 
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1. Introduction 
At present, phosphoric acid industry have given priority to wet process production, and based on different forms 
of calcium sulfate crystal compound, wet process phosphoric acid production can be divided into dihydrate, se-
mihydrate, semihydrate-dihydrate, dihydrate-semihydrate, anhydrate and other process. Because of strong adap-
tability of dihydrate phosphoric acid to phosphate rock, with relatively loose production condition, more than 
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90% production of wet process phosphoric acid adopts dihydrate process, and is, production of wet process 
phosphoric acid can be said to be a crystal technology in a sense, for small calcium sulphate crystal would re-
strict production and yield enhancement due to the difficulty of filtering and washing; however, when crystalli-
zation is carried on the particle surface of phosphate rock, a large number of small calcium sulfate crystalliza-
tions would be generated, depositing on its surface then turning into solid film of poor permeability, which in-
creases the diffusion resistance of acid to the surface of phosphate rock, thus reducing the reaction rate, or even 
terminating reaction process. Therefore, the normal production of wet process phosphoric acid production can 
be ensured only by keeping calcium sulfate crystallization in good condition. There are two specific require-
ments for the calcium sulfate crystallization process: stable shape of calcium sulfate crystal; thick and neat crys-
tal particles with good filtering performance and washing effect [1] [2]. At the same time, the phosphorus gyp-
sum with large crystal particles and fewer impurities are also required when served as additive in papermaking 
industry and plastic industry, and in this way calcined β-gypsum can reach the strength standard. Therefore, the 
massive calcium sulfate crystallization produced is the prerequisite to guarantee steady production, normal ap-
plication for downstream users. 

In order to obtain stable, bulky, uniform crystallization, a lot of studies have been conducted at home and 
abroad [3] [4], improve the reaction speed and elevate the filtration strength of phosphoric acid production. 
Western oil companies in the United States adopt the organic sulfonic acid and sulfonate of tall oil to control 
nuclear generation of semihydrate; Japanese like Wei Jingzhi adopt the alkyl benzene sulfonic acid to refrain the 
formation of dihydrate crystal nucleus, so as to raise metastability of semihydrate. 

Shape and size of calcium sulfate crystal is associated with the control of various conditions in the process of 
crystallization, such as crystallization temperature, concentration of free acid, residence time, stirring speed, etc. 
In addition, active additive can be added in the process of crystallization, which also effectively improves the 
crystal growth rate, thus making the crystal grow up rapidly [5]. In order to improve the reaction conditions, to 
ascend the reaction speed and increase the yield of phosphorus, and at the same time, to obtain stable, bulky, 
uniform and neat crystallization, the experiment have studied of technological parameters of wet process phos-
phoric acid and effects of active additives and crystal seed on size and shape of calcium sulfate crystal. 

2. Experimental Part 
2.1. Materials and Instruments 
Phosphorus concentrate(Wengfu, Dazhou city), phosphoric acid (AR), concentrated sulfuric acid, reaction kettle 
of electric heating, drying oven, vacuum pump, electric mixer, the suction filter bottle, magnetic stirrer. 

2.2. Experimental Process 
This experiment adopts the simulating production process of Wengfu phosphoric acid, with acidolysis reaction 
of phosphate rock powder completed in glass heating reaction kettle, and reaction kettle ought to be configured a 
stirrer to mix with constant stirring, with electric heating. Concentrated sulfuric acid and sour regurgitation 
should be added with burette of constant speed, and ground phosphate rock can be added by artificial weighing 
with multiple batches, once every 3 min. Acidolysis slurry should be sampled every 30 min, by virtue of Buch-
ner funnel vacuum suction filter, with vacuum control at 0.04 to 0.06 MPa. Filter cake using quadratic counter-
current washing, with washing water addition about 2 times the ore quantity, at the same time, according to the 
quality score of phosphoric acid in reaction slurry, washing water volume can be adjusted. 

2.3. Experiment Method 
According to the analysis of data and related material balancing calculation before the experiment, experimental 
conditions can be preliminary predicted, with provisional technical index. After experiments to explore the main 
technological conditions, continuous acidolysis experiment of single factor condition is carried out by batch 
charging. The main conditions affecting calcium sulfate crystallization process are optimized. In the experiment, 
with the other process conditions unchanged, one factor in appropriate range is changed. Filtration can be con-
ducted after reaching the predetermined reaction time, and then leaching residue is washed by anhydrous ethyl 
alcohol, after drying for 3 hours under 65˚C, and finally particle size determination and morphology characteri-
zation can be figured out. 
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3. Results and Discussion 
3.1. Effect of Sulfuric Acid Concentration 
Take five samples of sulfuric acid with its stoichiometric ratio to 100 g phosphorus concentrate of 0.9, 1.0, 1.1, 
1.2, and 1.3 are diluted into 400 ml separately, experiment is conducted according to 1.2 experimental processes, 
with the above solution heated to 75˚C and for 2 hours insulation, and then samples are taken by vacuum filtra-
tion. After comparison of experimental results (Figure 1), it has manifested that larger crystals of easy-washing 
and filtering can be formed when sulfuric acid stoichiometric ratio stabilizes at 1.1. It may due to the fact that 
little excessive sulfuric acid can reduce the degree of super saturation of the solution, slowing down the rate of 
crystal nucleus formation, thus creating good conditions for the growth of the crystal. When sulfuric acid stoi-
chiometric ratio is increased to 1.3, there is no obvious change in the size of the crystal, while the crystal as-
sumes to be the acicular, which may cause adverse effects on the practical production, such as the difficulty to 
wash or inclusion phenomena. Thus, sulfate stoichiometric ratio of 1.1 should be chosen in the production pro- 
cess. 

3.2. Effect of Crystallization Temperature 
Under the conditions of the liquid-solid ratio of 4:1, the sulfate acid stoichiometric ratio of 1.1, phosphoric acid 
mass fraction of 21%, the effect of temperature on the crystallization morphology of calcium sulfate is investi-
gated. After comparison of experimental results, it has been found that higher reaction temperature results in 
lower viscosity of the solution, which contributes to the spread of the solute molecules and speed up the reaction, 
thus improving crystallization and reducing the loss of P2O5 among lattices. With the increase of reaction tem-
perature, the average crystal size increases gradually, but there is no obvious changes in its shape, all in rodlike 
shape. But when the temperature is too high, it can increase the risk of material corrosion and the solubility of 
impurity in acid solution, so it is appropriate to control the temperature at 75˚C in actual production. 

3.3. Effect of the Crystallization Time 
Under the conditions of the liquid-solid ratio of 4:1, the sulfate acid stoichiometric ratio of 1.1, phosphoric acid 
mass fraction of 21%, the crystallization temperature of 75˚C, investigation of the influence of crystallization 
time (30 min, 60 min, 90 min, 120 min, 150 min, 180 min) on the crystallization morphology of calcium sul-
phate has been made respectively. Experimental results show that the crystallization time 120 min can make 
crystal bulky, uniform. If the residence time is too short, then the crystal nucleus density is very big, thus gene-
rating tiny crystals of poor quality and uniformity; with the increase of residence time, crystals become large and 
uniform; but when the time is too long, crystal become tiny again, which may lead to a large number of forma-
tion of quadratic crystal nucleus, resulting in significantly decreased crystal growth rate. By comprehensive con-
siderations of production time and the yield, the crystallization time should be appropriately controlled at 120 
min. 
 

 
                           Figure 1. Effect of sulfuric acid concentration.          
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3.4. Effect of Shape the Surface Active Agent on Calcium Sulfate Crystal 
Under the conditions of the liquid-solid ratio of 4:1, the sulfate acid stoichiometric ratio of 1.1, phosphoric acid 
mass fraction of 21%, the crystallization temperature of 75˚C, crystallization period of 120 min, six kinds of 
typical surface active agent are added respectively in the process of crystallization: nonionic surfactants of po-
lyacrylamide, anionic surfactant of sodium dodecyl benzene sulfonic acid, nonionic surfactants of polyethylene 
glycol, active diatomite, cationic surfactant active agent of CTAB, (NH4)2SO4. Experimental results show that 
surfactant generally makes the crystal growth rate accelerated, the crystal size also increased significantly, in 
which (NH4)2SO4 and the active diatomite is most obvious. 

3.5. Preparation of Crystal Seed and Its Effect 
Calcium sulfate crystal of magnesium-doped, iron-doped, aluminum-doped and zinc-doped is prepared by our-
selves as crystal seed, the specific method is: to add 2% magnesium, iron, aluminum, zinc nitrate into the 
aqueous solution of the pure calcium sulphate crystal by analysis, to filtrate after crystallizing for 2 hours under 
the temperature of 40˚C, and to get the corresponding crystal seed after drying under the temperature of 45˚C. 
crystal seed should be added by 0.5% mineral powder in the process of acid decomposition of phosphate rock, in 
which magnesium-doped crystal seed can get bulky (Figure 2), uniform, neat rod-shaped crystallization, with 25% 
crystallization time shortened. When crystal seed of CaSO4 not added, average width of calcium sulfate crystal 
particle is 9 μm, the average length of 55 μm, which is a fine needle crystal; when magnesium-doped calcium 
sulfate crystal seed added, doped magnesium chloride expands the specific surface area of crystal seed, reducing  
 

  
(a)                                                  (b) 

 
(c)                                                  (d) 

Figure 2. Effect of crystal seed (a) Magnesium-doped; (b) Iron-doped; (c) Aluminum-doped; (d) Zinc-doped.               
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the free energy of particle nucleation, effectively preventing too high degree of solution super saturation, which 
is more conducive to the growth of crystal, thus gradually growing up to be a thick crystallization of rod like 
shape.  

4. Conclusion 
Regarding phosphorus concentrate from Wengfu, Dazhou city as raw material, we have optimized the process 
parameters through adoption of method of single factor experiment conditions by simulating wet process phos-
phoric acid production process, filtrate the surface active agent, with crystal seed prepared and filtrated, thus 
obtaining satisfactory crystallization results. Under the conditions of the liquid-solid ratio of 4:1, the sulfate acid 
stoichiometric ratio of 1.1, phosphoric acid mass fraction of 21%, the crystallization temperature of 75˚C, crys-
tallization time of 120 min, when (NH4)2SO4 is taken as active additives, Mg-doped calcium sulphate crystal as 
a crystal seed can obtain rodlike crystallization of stability, thickness, uniformity. 
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