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The manufacturing ¿recess in a  technology consists 

of the  transformation of the raw materials into the  fi- 

nal products and into byproducts respectively,   this  is 

the case also in fertilizer production.   The degree  of 

the transformation is never complete, partly because 

the raw materials contain ballast materials, partly be- 

cause  the transformation and recovery of the last por- 

tions of the products would be  difficult and expensive. 

This fact can be illustrated in general on a typi- 

cal Shenky diagram of the material flow of a plant 

/Fig.V. 

The formation of wastes begins already in the mo- 

ving and preparation of the raw materials /dust and va- 

por, No.l/, and continues during the manufacturing tech- 

nology simplified on the uiagram as a single step /Ho.2/. 

The main sources of waste materials are the tail gases 

/No.3/,  the waste water /No.V and the solid waste at 

the end of the technology. Finally some waste will be 

derived also through the manipulations of the final 
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products /No.5/. Plants using air and/or water in a 

large quantity constitute a special situation from the 

point  of view of the  emission of waste materials.  In 

these cases  the emission of wastes will increase in a 

considerable degree.  The diagram is simplified,  it does 

not contain any complications originating from the in- 

teraction of the different wastes,  e.g. dust end carbon 

separation from the tail gases,  solid waste precipita- 

tion from the liquid waste etc. Nevertheless the diagram 

represents the fact that the quantity of the waste will 

decrease with improved yield. 

However, an improvement of the yield is limited by 

economical considerations.  Fig.2.  represents the specific 

investment costs and Pig.?,   the specific mamuiacturing 

costs as a function of the recovery of a solid product 

from a gaseous stream fij.  The curves are caracteristic. 

The initial linear    section turns in an exponential 

curve over 90 per cent of recovery.  If the specific costs 

are referred to the recovered •ubatane« and not to the 

volumetric gas flow /as on Jigs. 2.  and 3./, the re- 

sulting curves have minima at about 90 per cent recovery. 

This region of the yield woula be vhe optimum from point 

of view of the economic production in this example. But 

a factory designed for a recovery of 90 per cent would 

emit 10 per cent of its production in form of different 
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Pig.2, Specific investment        Pig.J. Specific operating 
costs /1970/ of the costs /1970/ of the re- 
recovery of solid ma- covery of solid materi- 
terials [l] als  [l] 

Nominal output 100000 m^h"1 

Symbols s 1. cyclone 
2. multicyclone 
3. filter 
4. electrofilter 
5* wet electrofilter 

The situation is similar in all fields of the ferti- 



-6- 

lizer production, e.g.  the absorption technologies of 

the nitrous gases and of sulfur trioxide have their 

own optimal recovery.   Indeed,  factories wording at a 

calculated optimal recovery, were built with planned 

losses,  according to our present nomenclature, with 

planned waste emission. 

After the worldwide introduction of environmental 

protection regulations,  the situation has thoroughly 

changed. In many cases, waste emission calculated by 

economical op tima ti on of the technology is higher then 

permitted by environmental regulations.  Operating plante 

have  two possibilities  to fulfil the new environmental 

requirements:  to built additional purification equip- 

ment, or to increase the percentage product recovery of 

the plant. Planning a new plant the planning offices 

and  institutes are faced with a similar situation.   They 

are  in a more advantageous situation only in so far that 

they can make decisions without restrictions, existing 

in an operating factory. 

Of course, the decisions in designing should consi- 

der also further on economic aspects, but the observance 

of the environmental protection regulations represent a 

cost factor which must be tauen into account. 

As mentioned already, there are two main ways to 
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reduce emission,  i.e. to improve  the yield or to build 

in addicional waste eliminating equipments. Since there 

are wore methods for both solutions, which have diffe- 

rent effects  and exact different costs,  the simple 

function of specific cost calculation mentioned above 

will be converted to a polifunctional relation.  The 

methods increasing the recovery percent are competi- 

tive with the  waste elimination methods. 

In the light of the present energy crisis and the 

shortage of raw materials,  the methods improving the 

yield seem more reasonable.  Therefore,  the later method 

of waste reduction will be preferentially ciiosen under 

otherwise equal conditions.  Indubitably,  the increase 

in production costs,  on the  one  hand,  and tht»  increase 

of the cost  of disposition of wastes on the other hand, 

will make in the  long run methods improving production 

more desirable. 

eliminating processes producing byproducts are 

purposeful also from the point of view of the industri- 

al production.  However, unfortunately, the waste elimi- 

nating methods «re usually improductive, transforming 

the given waste into another less harmful or inactive 

form, thus the problem remains although the situation 

seems to be better. Such methods are for example, where 

waste water is produced by the washing of tail gases or 

less harmful gases are produced by the asration oí 
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effluents. The methods forming precipitation from the 

impurities of waste water are not much better, due to 

the difficult disposition of the precipitate formed. 

Owing to the problems mentioned above, caused bj 

the introduction of environmental rules, the technologies 

wording at higher production efficiency have their fie- 

naissance now. The higher investment and production 

costs of these more expensive technologies working at 

higher yield are equalized by the additional costs of 

the waste eliminating equipments of the cheeper techno- 

logies. Of course this condition will be fulfilled only 

in the case, when the emission of the improved technolo- 

gy sufficiently low, so that the plant does not need 

eliminating equipment. 

This fact will be illustrated by two examples from 

the fertilizer technology. 

In the first step of superphosphate manufacture, sulfu- 

ric acid manufacture by the classical contact sulfuric 

acid technology, a gaseous emission of sulfur dioxide 

and of sulfuric acid fog is produced, which usually ex- 

ceedes both in quantity and in concentration all envi- 

ronmental rules. The problems originate in the conver- 

sion and the absorption steps. 

The sulfur dioxide produced by the roasting of 
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pirite or by the burning of element« sulfur are further 

I oxidized with «ir in a multistage contact furnace. 

The oxidation reaction of the sulfur dioxide/1/ 

2 302 + 02*s2 SO3 /v 

leads to an equilibrium. Practically the reaction will 

be «topped at 0.2 volume per cent of sulfur dioxide, 

•ad this residu«l «ulfur dioxide form» the largest part 

of the emission.  As the starting concentration of the 

sulfur dioxid« is «bout 10 volume per cent, the yield 

of the conversion is near 98-98.5 per cent. The aosorp- 

tion of sulfur tri oxide, performed by washing with sul- 

furic acid of 93 per cent, has a 99.5 per cent yield. 

If the sulfur dioxide gas contained organic substances, 

or if the cooling of the absorption tower was too inten- 

sive, in the course of the washing process sulfuric acid 

fog will also be produced. This fog will not be absorbed 

and the emission increases. 

With respect to the above mentioned objective condi- 

tion« given by the technology, the losses met in the 

contact sulfuric «cid plants «re «s follows: 

conversion 1.5 per cent 

absorption 0.5 per cent 

others 1.0 per cent. 

It should be mentioned finally that these data are valid 
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only for new plants or plants in good maintenance with 

regenerated catalyst bed etc. 

Methods are  icnown in the  literature for the adsorption 

of the residual sulfuric  compounds  of the  tail gas,  but 

these did not find general applications in practice. 

Actually the solution of the problem was given already 

earlier by the  use a two step contact process, but in 

practice  the conditions raised b„/  the environmental re- 

quirements lead only to their realisation.  The new me- 

thod based on the mass effect law is able  to diminish 

the theoretical conversion loss to 0.02 per cent. 

It follows from reaction scheme /l/ that the equi- 

librium conditions of the conversion will be Shifted ;,o 

the right side by diminishing the concentrât ion of sul- 

fur trioxide. This concept can be realised by an inter- 

mediate absorption step between two conversion steps. 

Another possibility to improve the yield is to diminish 

the reaction temperature in the catalyst bed. fieaction 

/!/ is exothermic, therefore the equilibrium condition« 

will be more favourable at lower temperatures. 

The realisation of the double contact sulfuric «cid 

technology involves a four-stage catalytic  tower with 

the usual intermediate neat exchangers between the stsgss. 

The primary gas mixture I air • 10 per cent of sulfur 
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dioxid i. flowing through th. first thre. stages and 

und.rgoe. a 90 per cent conversion to sulfur trióxido. 

This gas is passed througn a heat exchanger into an 

absorber and wasned with 93 per cent sulfuric acid. 

Thereafter the washed gas containing one per cent of 

sulfur dioxide is recirculated into the fourth stag, of 

ths catalytic tower and is subjected to catalytic oxi- 

dation again. At equilibrium exposition attained at 

ths end of the reaction, th. gas.s contain 0.02 per 

cent of sulfur dioxide. 

The loss.s of a doubl« conversion sulfuric acid 

plant are as follows! 

oonrermion 0.05 p.r c.nt 

absorption 1 ptr ctnt 

others 0.5   p.r c.nt 

Tn. praotical results «eaaured in operating plants  [2] 

Osseous .mission of a 

/normal/ oontact doubl, contaot 

sulfuric acid plant 
B02 0.3 - 0,4 o.ll   TOI. p«r cent 

»VV*        0.1 - 0.3 0.1     rol. per c.nt 

It can be M.a that the .mission raluss in actual plant 

operation are far from the /calculated/ optimal concen- 
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trations, nevertheless the values of the double contact 

plant are satisfactory from the point of view of the 

emission standards /generally 0.2 vol. per cent of 

SOg/.  The reason for this is that  the efficiency of 

catalysis and of absorption is depending on many para- 

me tere /temperature, flow rate, concentration data etc./, 

and the optimum conditions will be realized only within 

a narrow range of each parameter mentioned. The problem 

can be solved òy the automation of the process.  The 

plants examined were not automated. 

The double contact technology has the advantage 

that it is applicable not only to new plants, but older 

plants can also be reconstructed.  The reconstruction 

costs of a plant of a yearly capacity of lOOOUO metric 

tons are about one million UB 0 /1972/. The automation 

of the plant would cost additionally about 200 thou- 

sand US 0. 

Similar expectations were made in connection with 

nitric acid production at elevated pressure with regard 

to environmental protection requirements. 

One of the most important nitrogen fertiliser, 

ammonium nitrate, is produced in three steps: 

1. synthesis of ammonia 

2. manufacturing of /diluted/ nitric acid by the 
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oxidation of ammonia 

3. manufacturing of ammonium nitrate by the 

neutralization of nitric acid with ammonia. 

At present the iuanufactunug of diluted nitric acid 

is the critical part of the production frmn the point 

of view of both economy and environmental protection. 

Ammonia is oxidized with air on catalyst sieves to 

nitrogen dioxide, which is then absorbed in water or in 

diluted nitric acid,  according to the general reaction 

formula /2/ as follows: 

3 N02 • H20 » 2 HNOj • NO /2/ 

One third of the nitrogen dioxide is obtained as nitro- 

gen monoxide gas, and must be re-oxidized to dioxide 

again. 

Nitrogen monoxide is insoluble in diluted acid, 

it leave« the liquid phase and must be oxidized again 

with air-oxigen in the gaseous phase to nitrogen di- 

oxide. Thia reaction is time  coneuaing        and requires 

sufficient residence time, i.e.  large free reactor vo- 

lume in the flow system, whereas absorption needs a 

large liquid surface.  Taking into account the   conflict!** 

alternativ« eolation., the planning of the absorption towers 

of the nitric acid production is always a compromise 

and the improvement of the yield is limited by the ¿iigh 

costs of the absorption towers. 
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it can be seen from Eq. /2/ that the gaseous vo- 

lume ratio is 3 * 1» therefore, higher pressure furthers 

nitric acid production. For this reason the novel type 

nitric acid plants will be planned to work under pressure, 

This type of nitric acid plant is favorable from the 

point of view of the specific reaction volume capacity 

and of some other parameters. It was expected that the 

yield will also improve. 

The later hopes were not realised in the practice. 

This fact was demonstrated also by our emission measure- 

ments [3]. 

The yield of nitric acid, and therefore the emission of 

nitrous gases depends on many parameters, out of which 

two were established as the most essential [3] t the load 

of the plant and the temperature of the diluted acid in 

the absorption towers. The temperature changes from point 

to point in the towers, so that caracteristic differences 

can be found only between the conditions in summer and in 

winter. 

In Figure 4. the emission concentration of nitrous 

gases /i.e. the loss/ of two old nitric acid plants work- 

ing at atmospheric condition is plotted as a function of 

the load pex* cent of the plants. Points and the trends 

are different for the values measured in summer «"d ¿n 

winter. 
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Flg. 4. Nitrogen dioxide emission concentrations of 

nitric acid plants working at atmospheric condi- 

tions as a function of the load of the plant in 
summer and in winter [3] . 

Symbols: • mean data of measured  series 

A-—/        random    • data 

•   mean data of measured      series 

^\u random \ data 

in summer 

in summer 

in winter 

in winter 

The points plotted represent mean values of indivi- 

dual measuring series, in total 541 oata in summer and 

of 5Q5 data in winter. 

We have also studied the statistical distribution of 

the data measured for emission.  It should be mentioned 

tnat 79 per cent of the data measured in summer are lower 

than the provisional permissible emission of 0.35 volume 

per cent, and all the data measured in winter are lower 

than the permissible valua of 0.30 volume per cent for 

winter. 
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Fig. 5 represents data of nitrogen dioxide emission 

measured at four nitrogen fertilizer plants, involving 

nitric acid plants working at medium pressure /;5.5 ata/ 

absorption. 

0.1 + 

o 
u 

o 

load 
so loo P03P cons 

Fig.5- Nitrogen dioxide emission concentrations of 

nitric acid plants, operating at medium pressure 
absorption, as a function of the load of the 

plant in summer and in «inter [?]. 

8ymbols» • mean data of maaurad series in summer 

/ZZf *QÛL   ©     Ttnioa data in suonar 

• mean data of aeaaured serias in «inter 

1^.     imndoa data in winter. 

Ine mode of representation is the same as in Fig.4. 

The points represent mean values of aeamred series» 

in total 993 data in summer and 841 data in «inter. The 
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areas representing the individual trends in summer and 

in winter are partly overlapping. The emission values 

compared to those of Fig.4. are better in summer, where- 

as they are more unfavorable in winter. 

The statistical distribution of the emission data 

measured were studied also for plants with absorption 

at medium pressure. 

The situation represented by the data measured is 

more unfavorable from point of view of environmental pro- 

tection and also from that of output, than for plants 

working under atmospheric conditions. The reason for this 

situation is on the one hand that the provisional per- 

missible emission is smaller for this type of plant than 

those discussed earlier , i.e. in summen 0.25 per cent 

and in winters 0.20 per cent of nitrogen dioxide, and on 

the other hand that the plants examined are operated 

'ander much higher load than those mentioned before. 

Fig.5« shows also that the emission concentrations 

can be very different depending on the given conditiona 

in the plants. For example, the value in the vicinity 

of the point with the parameters 101 per cent of load 

and 0.39 per cent of nitrogen dioxide belongs to the 

emission of a novel plant in summer and can not be con- 

nected with the data of the other three plants. 
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Only 6 per cene of the data measured in summer were 

lower than 0.25 per cent of nitrogen dioxide and 23 per 

cent of the data measured in winter were lower than 

0.20 per cent. 

Finally, it can be establish that the nitric acid 

technology using meaium pressure in the absorption step 

did not meet the expectations regarding environmental 

control, and that the low temperature of tne diluted 

nitric acid used for the absorption of nitrogen dioxide 

is more important then any of otner parameter. 

Taking into consideration that the requirements of 

the environmental rules are not yet iuet in nitric acid 

production by additional eliminating equipmeLt alone, 

it can be understood that urea will be a comi et..' >r of 

the ammonium nitrate fertilizer on tha world uiar^et. 

In the case of the production of solid final pro- 

ducts e.g. urea, ammonium nitrate, superphosphate, etc. 

the improvement of the yield and the reduction of the 

emission are the same process, i.e. recovery of the 

product from the tail gase stream. The costa of these 

processes have been discussed in connection with Fig. 2 

and 3. It is probable that the limits of the recovery of 

the products are different for production and elimination 

purposes, but the result is always an additional reco- 
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very of the product. Prom this point of view the dry 

methods are more reasonable than the wet methods. 

The recovery of pulverised products is a transition 

to the additional processes producing utilisable bypro- 

ducts in the course of the elimination of wastes. 

Trou the field of fertilizer technologies, the ab- 

sorption methods of nitrous gases and of the fluorine 

containing gases will be discussed. 

It was mentioned earlier that a satisfactory elimi- 

nation of the nitrous oxides from the tail gases of a 

nitric acid plant is not yet solved. A, further possibili- 

ty to improve the absorption is to use a basic absorbent 

solution instead of diluted nitric acid.  The absorption 

efficiency and costs are different depending on the so- 

lution used. 

Absorption in sodium carbonate has the advantage to 

use a clear solution. The disadvantage is that the solu- 

tion absorbs only an equiaolar quantity of N02 and NO, 

and the molar ratio is 1:2 to 1:3, while a part of nitro- 

gen oxide remains in the gaseous phase, so that the effec- 

tivity is only 60-70 per cent. The investment costs of an 

additional equipment of medium capacity are about 1 million 

U8 0. The product is a mixed solution of sodium nitrate 

nitrite. 
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Absorption in calcium hydroxide suspension is cheaper 

and nas an absorption efficiency of 90-95 per cent. The 

problem of this method is that the proauct, a mixture of 

calcium nitrate and nitrite salt, is not easy to cuspóse 

on the fertilizer market. The investment costs of an addi- 

tional equipment of medium capacity is about 1,5-2 million 

US 0. 

The superphosphate production is another caracteris- 

tic technology utilising a part of wastes as byproduct. 

The phosphates used for production are mainly fluo- 

rine apatite from primary source, as e.g. Kola apatite 

or from secondary source, as e.g. phosphorite, containing 

about 1 per cent of fluorine. The fluorine content is 

liberated during the reaction with sulfuric acid, and 

forms a gaseous waste of nyorogen fluoride or silicon 

tetrafluoride. 

On account of the aggr«8Biv«ne»« and the hazards connected 

with the fluorine compounds, all plants feature eliminating 

equipment, involving the washing of the gases with water 

with more or less efficiency. Here, the gaseous impurity 

is transformed into waste water, which is purified by 

the addition of calcium hydroxide suspension. 

While tne fluorine compounds are wanted at present by 

the aluminium and plastic industry, some production 
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plants are sited on the basis of the waste water contai- 

ning fluorine compounds of the superphosphate plants. 

This water containe8 about 100-200 kg/m* of 
hydrofluoroailicilic »cid or I^QiFg . 

Such products are 

sodimi silicoí'luoride 

sodium fluoride 

aluminium fluoride and 

cryolite 

produced as byproducts of the superphosphate plants in a 

quantity of some thousand metric tons per year. 

These all are crystalline products and more or less 

soluble in water, therefore the mother liquor forms again 

a waste, although its quantity is much less than origi- 

nally. 

Almost all of the known equipments producing fluo- 

rine compounds have been additionally installed to working 

plant«. 

Other waste eliminating methods do not produce valu- 

able producta are not interesting from the point of view 

of the development of fertilizer technologies. For example, 

the -catalytic reduction of nitrous gases to nitrogen prac- 

ticed now as method of elimination is unreasonable from 

point of view of the industrial production, however it 

*j 
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seems more economical than the additional absorption mé- 

thode reviewed previously. 

It is to be mentioned that tnere are some results 

for the wording factories originated immediately from 

measuring of the emission of wastes. 

This measuring method maK.es possible e.g. to esti- 

mate the correlation between the load and the emission 

of the plant. In many cases there is a minimal specific 

rate of waste emission, probably meeting the rules for 

environmental protection and only the overload of the 

plant gives inadmissible contamination. 

Moreover, some plants have used the results of the 

emission measurement to control their own production. 

From the point of view of the necrology, it is clear 

also that you can measure a few per cent of losses with 

higher accurancy than the whole production. Therefore, 

a new method is given by the systematic analytical con- 

trol of the emission concentration, which can be used 

also to control the yield. 

The manufacturing procesa in a technology consists 

of the transformation of the raw materials into the 
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final products and into byproducts respectively.  The 

degree  of the transformation,  the yield is never com- 

plete,  factories were built with planned losses,  accor- 

ding to our present nomenclature,   with planned waste 

emission. 

After the worluvide introduction of environmental 

protection,  the situation is thoroughly changed.   ïhere 

are two possibilities to fulfil the environmental require- 

ments: to build additional purification equipment or to 

increase  the yield.  The simple function of specific cost 

calculation will  be converted to a polyfunctions 1 rela- 

tion.  The methods increasing the  recovery per cent are 

competitive with the waste elimination methods. 

In the light  of the present  energy crisis and the 

shortage of raw materials,  the methods increasing the 

production are more reasonable,  eliminating processes 

producing byproducts are purposeful also from the point 

of view of the production. However,  unfortunatexy the 

waste will usually be transformad by the eliminating 

method into another less harmful form. 

Owning to the problems mentioned above the techno- 

logies working at higher production efficiency have a 

Renaissance now.  Tne more expensive technologies are 

equalised by the additional costs of the waste elimi- 

nating equipments of the cheeper technologies. This 
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fact will be illustrated by two examples from the 

fertilizer production, e.g.  the higher efficient  sul- 

furic acid production and the nitric acid production 

using pressure by absorption are preferred. 

The additional equipments applied for production 

of new or more byproducts from waste, e.g. nitrite- 

nitrate salt producing with an alcalic absorbent, (e.g. 

soda or line) and the fluorine compounds formation by 

washing the gaseous substances of the superphosphate 

manufacturing are also reasonable. 

Examples for the unreasonable conversions  of a 

contaminating compound into an other one are: washing 

the fluorine containing gases forming waste water, and 

the catalytic conversion of the nitrous gases to nitrogen. 

There are also some further results for the wor- 

sting factories originated Immediately from measuring 

of the emission of wastes.  The most successful is the 

estimation of the correlation between the load /pro- 

duction rate/ and the waste emission of the plant. In 

many cases there is a minimal specific rate of waste 

emission meeting the requirements for environmental 

protection and only the overload of the plant gives 

inadmissible contamination. 

Moreover, some plants have used the results of the 
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•aiesion measurement    to control their own production. 

Tro* the point of vi« of the metrology it is citar 

also that you can measure a few per cent of losses    with 

higher accurancy than the «hole production. 
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