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DIABON HEAT EXCHANGER 
 
Heat exchangers in phosphoric acid plants perform important functions as heaters, coolers, condensers, 
evaporators or absorbers in various production phases, depending on the circumstances. This DIABON 
heat exchangers are available in shell and tube, block or plate design. Special design features are 
combined with materials with high resistance to virtually all organic and inorganic substances. 
Together they ensure optimum operational reliability, high heat transfer levels and great cost-
efficiency.  
 
SGL heat exchangers have synthetic resin-impregnated graphite tubes in standard quality (®DIABON-
.NS1) or alternatively wrapped with highly pre-tensioned fibers on the outside surface (DIABON-
HF1). This is a design feature that not only brings a marked improvement in operational reliability but 
also noticeably expands the range of use of shell-and-tube heat exchangers in critical applications. The 
reinforcement does not impair resistance to corrosion because the chemical resistance of the 
reinforcement is identical to that of synthetic resin-impregnated graphite. Owing to the extreme 
elasticity of the carbon fibers the tension on the reinforcement is retained even under sharply 
fluctuating load or stress surges without material fatigue. As this reinforcement with carbon fibers 
markedly improves the mechanical properties of graphite components and the reliability, most 
evaporators in the phosphoric acid plants are now supplied by SGL with carbon fiber-reinforced tubes 
and tube sheets.  

 
Fracture behavior of glass-, standard graphite tube and fiber reinforced graphite tube 

 

   
 

 DIABON P2O5 evaporator DIABON plate heat exchanger  
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PUMPS 
 
Pumps are imperative to circulate and transport the aggressive media sulfuric and phosphoric acids. 
Corrosion resistance and reliability are the main features required. DIABON pumps meet these 
demands in addition to temperature and dimensional stability. They enable pumping liquids with 
volumetric flow rates from 5 to 2000 m³/h and discharge heads up to 100m. SGL pumps are fitted with 
single or double mechanical seals. The first mag-driven pumps are tested and in service. 
 
Alternative to DIABON pumps SGL can also offer exotic metal lined pumps in Titanium, Hastelloy, 
Zirconium or Nickel. 
 
The advantages are: 
 
¾ most competitive manufacturing process 
¾ materials microstructure are more homogeneous and have higher strength with better corrosion 

resistance 
¾ full vacuum design 
¾ short delivery time 

 
DIABON pump 

 
 
 
SUMMARY 
 
SGL know-how, experience and competence in corrosion resistant materials, process equipment and 
services is your benefit in the phosphoric acid plant. We offer a complete system from a single source 
– from optimized material selection through interface management, production, delivery and 
installation right up to the warranty. You can save yourself time and trouble in the future by taking 
advantage of a partner, who offers comprehensive, system-based range of products and services. 
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EXPANSION OF THE RICHARDS BAY DIHYDRATE PHOSPHORIC ACID 

PRODUCTION COMPLEX (a) 
 

K. Kirsten, Foskor Limited, Republic of South Africa 
J. Tytgat*, SNC-Lavalin Europe, Belgium 

T. Theys, Prayon, Belgium 
  
55..22  PPrroodduuccttiioonn  ddaattaa  
 
The phosphoric acid plant was mechanically completed during Q3 2002.  Full weak acid production 
was progressively started on one belt filter at a time until all three were operating smoothly in parallel. 
The concentration unit and the merchant acid production were put into service shortly after weak acid 
production started. 
The Performance Test (PT) was successfully finalized early November 2002. 
 
TTaabbllee  33::  PPrroodduuccttiioonn  ccaappaacciittyy  
 
 Average obtained capacity during PT Guaranteed capacity 
Weak acid 1166 MTD P2O5  1100 MTD P2O5 
Concentration units 2350 MTD 2195 MTD (*) 
 Evaporated matter Evaporated matter 

 
(*) Due to recirculation of phosphoric acid slurry from the concentrated clarifier, the average 
concentration of weak acid, fed to the concentration unit, is increased from 27 up to about 29,4% P2O5. 
However, the design capacity is based on the quantity of matters to be evaporated based on the 
nominal capacity of 1,100 MTD starting from 26% P2O5. 
 
TTaabbllee  44::  AAnnaallyyssiiss  ooff  PPhhoosspphhoorriicc  AAcciidd  
 
Average Chemical Analysis during the Performance Test: % weight on solids free basis 
 
 Weak Acid ex-filters Merchant grade acid ex final settler 
P2O5 27.05 54.47 
CaO 0.30 - 
SO3 1.75 2.22 
F 1.65 0.27 
Solids -      0.25 (1) 
Temperature About 65 °C   43.8 °C 

(1) While using flocculant in the clarifiers 
 
The concentrated acid leaving the export tanks is per the merchant acid quality standards imposed by 
Foskor limited: 

 
- Min 54% P2O5 
- Max 0.6% solids 
- Max 45 °C (or max 35 °C depending on shipping requirements) 

 
  

*Process Engineer - Proposal Manager 
Email: jan.tytgat@be.snclavalin.com 
Email: philippe.agosti@be.snclavalin.com 



 

69 

 
 

DEVELOPMENT OF A METHOD OF A COMPLEX ESTIMATION AND 
CLASSIFICATION OF BIOLOGICAL AND ECOLOGICAL HAZARDS 

ASSOCIATED WITH PHOSPHATE ROCK AND FERTILIZERS. 
 
 

Boris Levin, Research Institute for Fertilizers, PhosAgro, Moscow, Russia (a) 
 
The method of estimating biological and ecological risks associated with  phosphate rock is based 
upon  the components transmitted through the circuits up to the foodstuffs. The method allows 
classification of the hazards associated with the commercial grades of phosphate rock and their 
products. The method takes into account the complex ecological hazards of phosphate rock and its 
products on the basis of two cycles of pollution: in agricultural soils (1) and surface and ground waters 
(2) (Fig.1). In this respect, the danger of the second cycle of pollution is incomparably higher, than that 
of the first cycle due to stricter sanitary requirements. The offered method is based on fundamental 
data of toxicity of chemical elements accumulated by biochemistry, agrochemistry and medicine, and 
is open for new inquiry. 

 
There are two basic reasons for the urgency to derive a complex and accurate estimation of ecological 
and biodanger of phosphate rock and its products: 

1. The leading manufacturers in the advanced countries are orientating towards a high standard in 
the field of environment and safety for the human health. 

 
Email:Levin@agrofinprom.ru 
(a) Received on: 13/12/2002 
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2. An enormous database on toxicity of chemical elements and compounds has been accumulated 
that allows the creation of a complex method of relative classification of products, 
intermediates and raw materials by criteria of ecological and biodanger. 

 
Additionally, there is extensive practical experience in the field of processing phosphate rock by acid 
methods developed by the foremost engineering companies(Prayon, Rhone Poulenc / Krebs / 
Speichim, IMI, Norsk Hydro, etc.). Transmission of the basic and impurity components during 
sulphuric acid decomposition of the phosphate rock has been investigated in detail (table 1). The share 
of such acid  decomposition is more than 85 % of the world production of phosphorus fertilizers. The 
lack of data concerning impurity distribution for nitric and hydrochloric acid decomposition can be 
easily compensated by analytical researches.  
 
The method of the estimation of the ecological and biodanger of phosphate rock should correspond to 
the below requirements: 

1. To integrate approach and to take into account the influence of all toxic elements; 

2. To be based on the authentic and representative data on chemical structure of phosphate rock, 
toxicity of elements, extreme allowable concentration in ground, water, foodstuffs, and 
parameters of distribution of elements during processing; 

3. To have heuristic properties, that can be revamped and be adaptive to new data and knowledge; 

4. To be simple and verifiable, i.e. available for checking the relative biodanger of phosphorus 
fertilizers by accessible methods. 

 
Recently there is too much attention concentrated on the problem with cadmium. Certainly, this 
problem have an objective basis, but it results in an unjustified increase of risk from other toxic 
elements and put out of focus other elements, which are not less dangerous. 
The analysis of the special literature, devoted to questions of human resistance against influence of 
hazardous elements, allows allocation of groups of chemical elements on the degree of toxicity upon 
man. Practically all specified toxically elements are present in commercial grades of phosphate rock 
and appropriately in the products after their processing. 
 
Table 1. Distribution indexes for impurities in by-products and finished products at sulphuric acid 
decomposition. 
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Further these elements together with useful nutritious components (N, P2O5, K2O) pass into the soil 
solutions and are distributed on a circuit: partially acquired by plants, partially immobilized by organic 
part of the soil, partially in ground and superficial waters. Thus, it is necessary to a complex estimation 
of the biodanger phosphate raw material to reflect real depots - stores that are in contact with alive 
organisms. For the most widespread types of fertilizers (MAP, DAP, NPK) the key feature is the 
presence of toxic elements in their active form as against chemically or mechanically immobilized in 
phosphate rock. 
The algorithm of an estimation of various types of phosphorus fertilizers toxicity (from ordinary up to 
complex), after taking into account the entry of toxic elements not only from phosphate rock is given 
in Fig. 2. 
 
Fig. 2. The algorithm of the estimation of various type phosphorus fertilizers toxicity.  
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To summarize the source of pollution of fertilizers it is necessary to include sulphur raw material 
(pyrites, the natural sulphur), potassium raw material (potassium chloride, potassium sulphate), and 
nitric raw material and intermediate products (ammonium sulphate, ammonia, nitric acid). Thus the 
integrated index of the phosphorus fertilizers toxicity is as follows: 
 

 
In this work a limiting case is considered, when the integrated factor is determined by an extreme 
index of phosphate rock toxicity. The legitimacy of such approach is proven by that in the general case 

in which both requirements: cleanliness and the safety of the phosphate raw 
material, should be set by rigid, limiting criterion. 
 
Applying the general approach to an estimate for the biodanger of raw material, in the case of 
phosphate raw material the following criteria are used: 
 
1. Pollution cycle: soil – agricultural products – foodstuffs. 
 

 
m – input indices of phosphate raw material for fertilizer production, t/t; 
Ci – concentration of i-element in phosphate rock, mg/kg; 
xi – distribution index for impurities in by-products and finished products (table 1); 
Ñ P2O5 – concentration of the P2O5 component in phosphate rock; 
MCLi soil – maximum concentration level of i-element in soil, mg/kg; 
 
2. Pollution cycle: soil – ground water – surface water – drinking water. 
 

 
MCLi water – maximum concentration level of i-element in water, mg/kg. 

The data used are given in the Table 2, or are taken from the open publications and certificates of the 
companies - producers of the commercial grades of phosphate raw material. The overall results are 
shown in Fig. 3. 

The calculation of the integral index of biological toxicity helps make up 3 groups of phosphate rocks: 

1. Phosphate rocks with a low level of toxicity. They include apatite concentrates from Russia 
(JSC Apatit, Kovdor benefication plant), South Africa (Phalaborwa). This group is regarded as 
the elite. To process these rocks various well-known technologies and equipment can be used 
without any restrictions or additional removal technologies for harmful impurities. The value of 
the rocks is increasing today as a result of tighter environmental control. 

2. Phosphate rocks with a moderate toxicity level. They include phosphorites of medium grade 
from Jordan, Morocco and USA. To meet environmental requirements in countries with strict 
regulations these rocks should be treated additionally to reduce the concentration of 
contaminants. Application of removal technologies involves a rise in operating costs. 

3. Phosphate rocks with a high level of toxicity. These are low-grade phosphates from Tunisia, 
Algeria and high-grade rocks from Togo, Senegal, and Morocco. Fertilizers traditionally 
produced fall short of the safety requirements in economically advanced countries. To meet 
these environmental standards the purification of finished products is needed with expensive 
technologies employed (ion exchange, ion flotation, etc.) 
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Fig. 3. 3D - Diagram of relational classification of biological and ecological hazard of phosphate rock. 
2nd pollutions cycle. 
 

 
Radioactivity is an additional factor, which helps to distinguish the 1st group from the other two. All 
types of apatite concentrates have a low radioactivity level, by far lower than the levels required by 
radiological safety standards. By contrast, phosphorite concentrates are enriched with radioactive 
isotopes and have a high radioactivity level. Russia has enough reserves of high-quality contaminant-
free apatite concentrates to provide regions under high environmental requirements with eco-friendly 
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phosphate rocks and apatite concentrate-based finished products. Apatite concentrates from Russia and 
South Africa have the lowest integral toxicity and radioactivity levels of all phosphate raw materials. 
Phosphate fertilizers produced meet the strictest environmental and sanitary demands without any 
additional purification phases and operating costs involved. The value of apatite concentrates and their 
fertilizer derivatives becomes far more evident despite their small share in world production and trade 
– about 13%. Another option for the use of apatite concentrates and environmentally clean phosphate 
fertilizer is an increase in capital costs to equip operating plants with additional phases for contaminant 
removal and a consequent rise in operating costs. 
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PPrreesseennttaattiioonn::  RReeppoorrtt  oonn  aa  wwoorrkksshhoopp  oonn  aammmmoonniiuumm  nniittrraattee  oorrggaanniizzeedd  bbyy    

tthhee  EEuurrooppeeaann  CCoommmmiissssiioonn  aatt  IIsspprraa,,  IIttaallyy  
 

Hans van Balken, EFMA, Belgium (Presented by K.D. Shah) 
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