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EXPLANATORY NOTE

The Expert Greup Meeting on the Identificatior and Develop-
ment of the Fertilizer and Pesticide Industries in the Developing
Countries Served by ECE. organized by the Joint UNIDO/Romania
Centre for International Co-aperation in the Chemical and Petro-
chemical Industries far the Beneht af the Developing Countries, was
heid at Bucharest from 10 to 14 July 1472 This report of the meeting,
romprising an aceount of the discussions and the technical papers
submitted ta the meeting, is issued by the United Nations Industrial
Develepment Organization as an internal document. The papers are
reproduced in the form in which they were received only typographi-
zal errors and errors of fact ar terminology have been corrected. The
report was printed in Romania witir the assistance of the Joint Centre.
The United Nations Industrial Development O:ganization expresses
its oppreciation to the Centre for its co-operation in the issue of this
document.

The designations employed and the presentation of the mate-
rnol in this document do nat imply the expression of any opinion
whatsoever on the part of the Secretariat of the United Nations con-
cerning the legal status of any country or territory or of its authorities,
or concerning the delimitation of its frontiers.

The views and opinions expressed in these papers are those of
the authors and do not necessarily reflect the views of the Secretariat
of the United Nations Industria! Development Organization.
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Part one

REPORT OF THE MEETING




I. ORGANIZATION OF THE MEETING

The technical and economic puobiens o the temhizer and pesticide
mdustr.es i the developing countries of Furope were disc ussed ot 4 meeting
tield at Bucharest, Romania, from 10 to 14 July 1972 Orgamized by the
Unitec Nations Industrial Development Orgarization \UNIDOY 1n <o ope
ration with the Economic Commissinn ten Furope (ECE1 and the Government
of Romania. the Meeting was held under the auspices of the [omt
UNIDOYRomenia Centre fur Co-operation in the Field of Chemical and
Petrochemical Industries tor the Developing Countries.

The main chijectives of the Meeting were

To idertity problems refated to the production and use ot fertilizers
and pesticides in the developing countries served by ECE

To provide guidelines for the future work programme of UNIDO in
this tield.

Additional objectives were

To promote co-operation and encourage joint project, between the
develuping countries and between these and developed countiies in the
production of fertilizers and pesticides ;

To piovide a forum for exchange of experiences in the manufacture
of fertilizers and pesticides, particularly as related 1o problems of produc-
tion technology, quality control, personnel training and environmental
pollution

C. Keleti acted as Officer-in-Charge of the Meeting a1d K Szabo as
Technical Secretary. From the Romaiian side of the Joint Centre and of
the organizing committee, A. Lungu was the counterpart officer, V. lonitd
was the liaison officer and M. Anghelescu was the administrative officer.

C. Hera and A Constantinescu of Romania were elected Chairman
and Vice Chairman respectively, and P. Markou of Cyprus and E. C. Little
of the Food and Agriculture Organization of the United Nations (FAO)
were elected Rapporteurs for the fertilizer and pesticide sections,
respectively.

Tie inaugural address was given by the Romanian Deputy Minister
for the Chemical Industry, Nicolae fonescu. C. Keleti red a message from
the Executive Director of UNIDO, I. H. Abdel-Rahman; A. Rotival, Resident
Representative of the United Nations Development Progranime (UNDP) in
Romania, greeted the delegates, and C. Keleti presented the over-all Jro-
gramme for the Meeting.

There were 52 participants from 12 countries and 2 from FAO : 18
experts from 10 countries (Bulgaria, Cyprus, Hungary, Italy, Maita, Poland,
Romania, Turkey, United States of America end Yugosiavia) and 1 from
FAO ; 34 observers from 6 countries (Federal Republic of Germany, Hun-
gary, Norway, Poland, Romania and United Kingdom of Great Rritain
and Northern Ireland) and 1 from FAO.
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Il. FIELD TRIPS

A Visit to the Craiova Chemical Compiex

fhe host country  Komama, artaingedd a trp to Crova to ve | the
complex ol chemical nlants there

The group o 31 participants was teceved by O Porsa, techna
directn of the complex. After a briet des ranon ol the plants o he
visited, Mr Pope invited questions from the Paticipanis

The plants were then inspected  th y inclucded

A 00 tons per day ammonia plant bascd on tee hoology deve
loped by the State Institube tor the Nitrogen Industry (GIAL U nion
ot Soviar Socianst Republics), which uses oxygen retorming at atmos-
phernc pressure. and a 925 tons per day amiao 1a plant. Lsing .he im-
oerial Chemecal Industries (Ch reforming vincess, delivered by Sybetra
— (Belgium) as generai rontracior and hcensed by Humphreys and
Glasgow Unite | Kingdom ot Great Brionun and Northern freland) A
project to install computer <ontrol in this plant < bemng siv hed The
raw matenal 1or hoth plants s natural gas

An urea plant usirig O and Nide Dom an ammonia plant as
raw matenals. This plant was also delivered by Sybetia and 1s based n
ihe Stanicarhbon technology. but with fwencs and engineer g trom
Evence Coppee-Rust ot Belgium. The plant i« poducing ares with
a biuret content of 0.7 tn 0.9 per cent.

A nitric acid plant with a apaaty o1 750 tons per day ias 100
per cent HNC)3) also supplied by S betra. using Grande Paroisse tech
nology with medium-pressure ronversion and hign-pressure absorption
(Escher-Wyss compressor). The concentration of the nitric acid piodu-
ced is 56 per cent. There is znother, older ~tant (built in 196" which
uses technolngy from the "Jmion of Soviet Socialist Republics and has
a wapacity of ahout 750 tons per day Thic plant produces ac.a
at 49 per cent concentration and operates at a pressure of 2.5 atm
throughout.

An ammonium nitrate plant with caoacity of 900 tons per day
supplied by Svhetra, using Kaltenbach technology. The bagging and
finished-product handling section was inspected The ammonium
nitrate was not coated before bagging. Apparently coating is done
it the distribution end. Th.>re is aiso a plant built in 1963 accoruing
to GIAP technology, with a capacity of 900 wons per day.

The Craiova Complex employs about 6,000 people. It is very weil
maintained and operates under strict technical control. The new nitrogen
fertilizer plants are up-to-date as any others in the world.

Management is attending ‘0 the pollution problems created by
the feriilizer plent. Solutios tu the problems of atmosphere poliution by

ot the smmonium nitvate plant and nitrogen owides from the old
acd plart are under investigation. The new Grande Paroisse nitric
Dl aperstes with & vent gas contairing 200 ppm nitrogen onides
por cunt weygen. Tids emission level, averaged over continuous

it
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B Visit to the Fundulea Agricultural Research Institute

The boundalea Agrncultural Research Institute, the largest of the 18
wecaitui b ana tareslny research nstitutes in Romamia, was visited duting
e Meeting byoagroup of seven partiapants The stat ot about 330
caertnts b0 e whom e PhiD o nvestigate the genetics agrotectigae,
brocremasiny and biology o cereds and  industnal crops These rops
comprseabout 85 per cent ot the country s agichural  producuon

The dnstitute has a distinguished «cientitic history marked by such
arhiievements as the development o) the tirst simple suntlower hyhnd
with high onl content and good resistance to mildew. and tne hreeding f
Helmthosporium-rewstant corn seed tor the United States  of America

A new maodern building tor the Institute 1o which FAO 1s contri-
buting statt and equipment worth § 2 million, 1s now under construction.

While the institute takes an integrated approach to the probtem ot
crop protecaon. chemical control eceves top pricnty

The visitors had an excellent opportunity to learn about the current
programme ot the chemistry and biochemistry depirtments. The small-plot
hersicide tests on sunflowers and field corn, which aim at minimum
tillage, were paiticularly interesiing,




ll. CONCLUSIONS
AND RECOMMENDATIONS

1. The papers presented and the discussions generated by them provided
a useful survey of the status of fertilizer and pesticide cunsumption, pro-
duction and problems in the countiies represented.

It is therefore recommended

a} That the papers presented at the meeting should be pi.blished
and made available to all participants in their home countries a quickly
as possible ;

b) That more meetings of this kind should be organized by UNIDO
to provide for a regular exchange of ideas |

<) That manufacturing and contract engineering companies should
be encouraged by UNIDO to participate in such meetings ,

d) That similar meetings should be held biennially in future ;

e) That as far as possible, copies of papers to be presented at
future meetings should be sent to participants well n advance, so that
qu . touns can presented to the author early enough for him to prepare
answers |

f) That detailed papers should be presented in summary form to
allow more time for productive discussion.

2. Each country was represented by separate delegations for the ferti-
hize. and pesticide industries.

It is therefore recommended :

That the proceedings of the fertilizer and pesticide sections should
run concurrently.

3. Data on fertilizer production and consumption were at times pre-
sented in the form of total tonnage of nutrients - N + POs + KiO.

It is therefore recommended :

That, at future meetings, fertilizer statistics should specify the

mwmmmmmy.
. i is expected to become increasingly
mandatory, meh because of the need 10 reduce agricultural manpower

the bulk hendling and!
distribution of o sime time taking into accoumt the exis-
tonce of smeli ferms in some countries.
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that v o oatter o wigenoy UNIDO should  collect  intormation
on technigues ton USiNg  @gypsum  g- g snlphur source or in the manu-
Suture ot phister board and oo the economus of these techniques.
The cakig or weablizen o sl g problem
o theretorne recommended
That ENIDOY L oold mitate o search tor new anti-caking  agents,
BoThe wwncultinal apphcoation of mucronutients sucn as zine, magnesium,
manganese ood horon s becamimg ing reasingly necessary
s theretiore ros anmended
That UNIDOY should mitiate studies on ettective  mmethods  for  the
ncorportion o puoonulnents into terhlizers
O the use o iquid tertihzers, duding anhydious ammonta, 8¢ of
SIOWINE unportance
o theretore reconimended
inat UNIDO should arrange tor an early meeting to study in detail
problems connected with the use ot hiquid tertilizers.
1A varety o ditterent methods wie now being used for the analysis
of tertiizers and  pesticides  and  tor the  determination  of pesticide
residues
It s theretore recommended
That UNIDO should assist i () standardizing analytical methods,
b surveving the types of analytical instruments available and {¢) traini~g
personnel i modern analvtical techniques.
11 Several countries already at a certain stage of development could
contribute from - thewr own expenence to help with the development of
tertiizer production in other countries.
It 1s therefore recommended

al That countries should periodically intorm the joint UNIDO/Roma-
ma Centre, via UNIDO, of (h new solutions to problems and (Il pro-
blems in which they still need technical assistance ;

b That the ot UNIDO/Romania Centre should act as a clearing-
house by orgamizing meetings on specific subjects of interest to both
developed and developing countries ™

1 Fhat the Joint UNID(/Romania Centre should promote feasibility
studies and technical assistance in the formulation of recommen..'ations
tor the developm. t ot national fertilizer industries ;

di That the Joint UNIDO/Romania Centre should provide facilities
for technical traiming of staft from interested developing countries in
Romanian fertihzer plants.

12 Develuping countries with imited |- 1 demand cannot afford to build
4 separate plant for each basic pest: they need.

it is therefore recommended : '

That UNIDO should study the feasibility of designing versatile multi-
purpose pesticide plants.

I3. The art of pesticide formulation is highly proprietary, and little
published information on its principles and techniques is available.

It is theretore recommended :

a) That publication of the forthcoming UNIDO book on in-plant
training programmes on the principles of formulation and production of
pesticides in developing countries should be expedited ;

b) That UNIDO should convene a working group that brings :
industrial representatives of both developed amf ing countries to
deal with tais problem on a bilateral basis and to p guidelines for
more efficient operation in the mutual interest of both parties ;

) Thet UNIDO should investigate the possibility of setting up a
research and development centre to serve member countries in the solu-
tion of their research, manufacturing and training problems in pesticidie
formulation and application.

14. There is a growing public awareness of the environmentsl
that can be caused by the fertilizer and pesticide industries.

12

S




It is therefore recommended -

a) That efforts to prevent such pollution should be intensified -

bi That UNIDO should study technological improvements in manu-
facture and packaging that can resuit in the reduction of industrial
pollution. (It 1s good news that UNIDO has already started to plan a
conference on this important subject).

15. Problems related to the use of pesticides, particularly hazards to the
user and the persistence of harmful residues, have become quite
mportant.

It is therefore recommended :

That UNIDOY should solicit FAO and other interested bodies to
establish without delay a research and co-ordinating centre which would
undertake the following activities -

a) Study of compounds such as benzene hexachloride which are no
longer covered by patents but are used in developing countries |

b} Investigation of chemical-technical problems related to the pro-
duction of narrow-spectrum insecticides ;

<) Investigation of problems related to environmental pollution by
agricultural chemicals and the occurrence of their residues in food.
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IV. PAPERS SUBMITTED BY CONSULTANTS
TRENDS IN FERTILIZER PRODUCTION

Travis £ Hignett *)

The purpose of this paper 1s to examine current irends in fertilizer
manufacturing, to analyse the reasons tor these trends, and to project
them into the future.

Increased use of fertilizer

The use of fertilizer has increased sharply in recent years.
Figure | shows that world consumption of the three major nutri-
ents (N + P20s + K20) reached 68 million tons in 1971, approximateiy
double the amount consumed eight years before, and triple the amount
consumed 14 years ago. In other words, more fertilizer tonnage were
added in the last eight years than in al! previous history, a trend that
obviousiy cannot continue indefinitely. The use of nitrogen has increased
more rapidiv than that of the other elements ; it was doubled in the past
six_years and quadrupled in the past 14. The largest tonnage increases
have been in the developed regions of Europe and North America, but the
percentage increases have been greatest in the less developed regions of
Africa, Asia and latin America.

The latest projection of fertilizer consumption made by the Tennessee
Valley Authority (TVA) (figure 1) indicates that total consumption of the
three major nutrients will reach 86 mi'lion tons in 1975 and 105 million
tons in 1980.

The principal reason for the increased use of fertilizer is the need
for more and better food for the world’s growing population. A low to
medium level of crop production can be maintained with little or no
fertilizer by utilizing the native fertility of the soil, by returning crop
residues and wastes, and by uiilizing the small amount of nitrogen brought
down with rainfall or fixed by legumes. Such levels of crop production,
however, are no longer adequate to feed the growing population of
the world.

A second reason for the increase in the use of fertilizer is one
of economics. In contrast to the rising cost of labour and machinery,
fertilizer costs in most countries have declined. Even in countries that have
a surplus of food crops, farmers cannot afford to neglect the advantages
of substantial fertilizer application. In the past, many farmers relied on
growing legumer in a crop rotation to supply nitrogen, a sound practice
when | nitrogen fertilizers were expensive and lsbour was cheap.
The prectice has now become uneconomical in many areas.

The latest TVA projection of fertilizer consumptic: indicates a slower

rate of growth that its previous forecast [1], particulsrly in the developing
countries of Africa, A':ia and Latin America. Numerous problems are

Otrector of Chemital Developmiént, Termenee Authority, Muscle Shoals,
Mwmum ‘ Velay
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Figure 1. World consumption of fertitizer

farmers to increase their use of fertilizer. If the TVA forecast is correct,
the growth rate of fertilizer consumption indicates that food production
in developing areas will be insuficient wi the needs of the rising
population, and the per capita food production, which is aiready inade-
quate, will be even less than it is now.

These statements appiy to the developing continents as a whole,
but some developing countries have made substantial progress towards
improving the quantity and quaiity of their food supplies.

In the developed countries the rate of population growth has decli-
ned and the per capita food production has increased to the point that
surpluses exist in severai areas. This condition will tend to slow the
growth of fertilizer use in such areas.

Concentntion

Aii important trend in fertilizer technology is increese in concentra-
tion of N, P2Os, and K20. Figure | shows this trend for four countries
where the concentration of compound fertilizers *) increesed at rates
ranging from 0.7 to 1 per cent per year during the last decade. Of the
four countries, the United Kingdom of Great Britain and Northem

*) The term “compound fertilizer’ as used in this mu m?pliu to all feriizer
containing more than one of the three primary nutrients, N, K:O.

18




freland has attuned  the highest average concentration, nearly 42 per
cent, while Japan shows the  greatest ate of ncmase. The economics
involved an terihzer technotogy has biought about thie trend As hagging,
storage, handling, and transportation otten account for more that half of
the cost of fertilizer delivered 1o the iarmer, 1ncrean., oo entra-
tion can markedly decrease the cost per ~mit of nutrient content at the farm.
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Figure N Trends in concentration of compound fertilizers

Although precise data are lacking for many developing countries, the
trend towards high concentration is evident in the increased emphasis on
higher analysis materials. For instance, in the Republic of Korea, diammo-
nlum phosphate is granulated with potassium chloride to produce a
14—34—14 grade, which is blended with urea to make a variety of
prades; 222211 is typical. In india some new plants produce urea-
ammonium phosphate compound fertilizers containing more than 50 per
oot nutrients. .

o M"mmt decade the concentration of fertilizers will continue to
evense and may reach an average (by weight) of 50 pcr cent In some
countried, Manned facilities indicate that urea and diammonium ~nasphate
will be favorite materials, with these materials and high-grade potassium
chloride, comound fertilizers containing nearly 60 per cent N -~ PYOs + K:O
of . including m:m and mm: eloments in fertilizers may




Trend towards compound fertilizers

Another anticipated trend 15 towards greater use ol compound ferti.
heers Compound  tertilhzers have always teen popular i the United
Sates of Amenca but in many European ¢ .un ¢ and in lapan straight
tertide cre have been more popular. During  the pertod 1958 1o 1968,
tompound terthizers in Western Europe i creased from 35 1o 52 per cent
ot b tertilizers  In lapan  the increase v as trom 56 per cent in 1962
to percent in 1969, in the United Kindom. 97 per cent of the Pa)s
‘other than basis lag), 92 per cent ot the K20, and 63 per cent of the
N are supplied in compound fertilizers Compatable tigures are not available
tor the United States partly because some o1 ti:e materials sold as straight
tertihizers are actyally compounds or are subsequen'ly mixed by blenders
lo 1orm compounds. A rough estimate indicates tha! 1963, 35 per cent
of the N. 87 per cent of the P20s, and 86 per cent of the K2:() were
supplied to the tarmer in compeunnd tertilizers

€ increase In e use of compoun € Zes hay occurred Caus
Th th f i d fe ! I d because

separately, nor do they have the equipment to mix them. Supplemental
dressings  of nitrogen are often applied separately for economy reasons,
but the preferred basic application is a compound fertilizer.

Larger factories

Another predictable trend is the concentration of mnufactuiing ope-
ratons in large factories. Plants geared to turn out 1,000 or more tons
per day of ammonia, urea, ammonium nitrate, phosphoric acid, ammonium
phosphate, triple superphosphate, or potassium chloride are becoming
common place Some plants in Europe now produce as much as 2 million
tons ot fertilizer per year.

The average size of plants producing basic fertilizer materials will
undoubtedly continue to increase during the next decade. It is doubtful
whether there would be much advantage in increasin p'ant size beyond
that of some of the largest existing plants because o the cost of trans-
porting products long distances, and because any further increase in size
would result in only a minor decrease in production cost, There is,
however, a need for small plants, not to manufacture basic mateiials, hut
to combine them into compounds that will satisfy local needs.

The growing pressure to control pollution of the air, rivers, and
lakes increases the complexities of manufacturing. These problems can be
dealt with more economically in large plants than in small ones. Some
small plants have closed hecause it was uneconomical for them to comply
with pollution control regulations, and more will probably do so in the
future. Pollution control regulations will, therefore, accelerate the trend
towards larger factories.

Complexity of formulation

A rather wide range of N : Ps0s : K:O ratios is needed for various
Crops and soils. Moreover, it is known that ten other elements are equally
necessary to plant growth : the secondary elements, calclum, magnesium,
and sulphur ; and the micronutrients, manganese, iron, boron, copper, zin-,
molybdenum, and chlorine *). The time is approaching and has -
arrived in manK areas when the fertllizer ln‘:f
i € primary nutrients. The farmer has a right to expect that
agronomists will prescribe and technologists will supply compound ferti-
lizers for his crops containing the elements needed in the correct proportion

*) Although chiorine was es N essential micronutrient element in

tablished as
1954, no incident of naturally occurring deficiency s known, perhaps because of the
abundance of the element {21

20
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for economival productuon. gieal many compound fertillizers 1n the United
States already contain one or more of the “other ten clements In 1970,
well over 100,000 tons ot micronutrient materials were used in fertilizers
plus unknown quantiies ol materials supplying secondary elements. in the
same year in fapan 842,000 tons of fertihizer contained boron, magnesium,
Or manganese

The trend towards more complex tormulations 1 hkely 10 continue
because  more adequate tertilization with primary nutrients otten results
in one ot the other ten elements becoming 4 limiting tactor, mncreased crop
ylelds rapidly exhaust the sail of these elements, improved diagnostic
techniques and accelerated research help to identify specific needs. and
increasing the concentration of the three primary plant nutrnients in ferti-

lizers has been attained at the expense of eliminating some ot the
other ten.

Some years ago in a leclure to the Fertilizer Society in London,

Howard Cunningham (3] commented on the growimng complexiiy ot tarmers’
needs. He said :

“N, P and K must always be the main preoccupation of the Fertilizer
Sociewy but their very success in producing bigger yields ot crops
and stock is taxing the supply of other elements and ieading to
problems for farmers. Fertilizer manufacturers should apply to the
solution of these problems as much skill and determination as they
have applied with sucii success to the three major ingredients’’.
At the same time he was aware that the size and complexity of a

?ranulation plant imposed serious limitations on flexibility in formulation,
or he said .

“It is not easy to recuncile low cost production and special mixtures

for a customer, a crop or even a district”

Farmers in many areas demand a combination of herbicides or
other pesticides with fertilizer, w.uch further increases the complexity of
formulation. Such combinations are advantageous to the farmer as they
save time and labour. Slow-release nitrogen is desirable in some situations
and may be provided by incorporating slowly soluble nitrogen materials
or nitrification inhibitors in compound fertilizers.

Increased use of intermediates

In order to profit from large-scale manufacture and still provide
flexibility of formulation of comgound fertilizer, various new system:s are
being developed. The general characteristics of these systems are . pro
duction of fertilizer intermediates in large plants where raw material costs
are low, transportation of the intermediates in concentrated form to
various market areas, and production of the final mixture in small local
plants that may combine the functions of manufacluring and retailing.

The principal Intermediates are ammonia, ammoniating solutions
containing free ammonia and ammonium nitrate or urea, urea-ammonlym
nitrate solution, moncammonium or digmmonium phosphate, ammonium
polyphosphate ~solution, triple superphosphate, phosphori. acid, and
potash salts.

The types of local plants using these Intermediates fall into three
categories : dry mixing, liquid mixing, and granulation. Dry mixing plants
mersly make mechanical mixtures from dry fertilizer materials, The mate-
risls may be either granular or pulverized ; most farmers prefer granufar
products because

of superior storage and handling properties.
- Dry mug' of ular mxmﬂai;i is known as “bulk blending”’. Favo-
ite materialy blending are ammonium phosphate, r~
oy S, smmenion i e o’ A mate
il ., | range

3 mon. uauslly ved in buik by reil, barge, or ship. are
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Wethosonl tesr daty The musdures may be sold eidher in bylk or an hags
deraidhne e Tgnier s peterence

Bath Diendig nlanis are otten quite small and nexpensive 1o (ons
Huct N vpecal plant o sbown n hgure 1l Frequently the oulpur g
marketed within g adius of 20 km The average annual output ot shout
PO sch plant i the United States i dhout 2000 tons per plant Large

Figure HI. Typical bulk blending plant

bulk blending plants, can be economical, however, particularly when they
are located at, or near a port where materials may be received by ship
or barge One such plants in the United States has an annual output of over
200,000 tons,

One problem in bulk blending is the tendency of the materials to
segregate during handling and application (4] Segregation can best be
prevented by having all materials of closely matched particle size. Particie
shape and density are relatively unimportant. When the particle size is
not closely matched, segregation can be minimized by careful distribution
in filling bins, trucks, or hoppers [5]. Filling from one spot  causes
“coning” and promotes segregation.

Micronutrients may be added to bulk blends in several ways. Pow-
dered micronutrient materials may be coated on the surface of the
granules by using oil or other binder. Alternatively, granul.. micronutrient
materials may be used in the blend. Addition of pesticide to blends may
be in the form of a powder (with a binder) or in the form of a concen.
trated liquid.

Bulk blending is particularly popular in North America. In 1971 jt
was estimated that bulk blends accounted for 38 per cent of all dry com-
pound fertilizers in the United States, Recently other countries have
startec bulk blending operations and the practice is expected to grow.

Successful use of bulk blending In local plants requires dependable
transportation, such as a network of railroads and a supply of rail cars
that  will protect the bulk fertilizer from the weather. Covered,
hopperbottom cars are preferred for ease in unloading. Many de ng
countries do not have raii cars suitable for transporting  buik fertilizer,
If a blending operation is located at a-port where bul?: materials may
be received by ship, there must be sufficient storage space at, or near the
port to accommodate the size of the bulk shipments, Mechanized
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unloading ot ships s desrshie o mimimize the hme that <k e ooyt
stay in port The unloading equipment should prevent undue deprada
tion ot tha granular material and should  otfer protect.on  trom  the
weather In very bunud climater debumicitied hulk storage 15 desiable
Several types of such blending facthties are in operation in desveloping
and developed (ountries Tha hlends are ueualls hagged tor infand trans.
portation

Flewhility of torrmwanion in small local plants i< also possible with
hquid mixed fertihzers Like bulk blending, the production ot ligquic
mixed fertdizers requires only very smple inexpensive equipment and
depends on shipped-in intermediates The advantages of liquid tertilizers
will be considered late:

A small granulation plant hased mainly or entirely on shipped-in
intermediates 15 another solution to the prohlem of maintaining  flexi
bility of formulation  Although granulation plants do not have a< much
flexibility as bulk blend or hquid mix plants a smalt plant can prodice
tormulations that are needed by local farmere for therr crops and sotls

A typical small granulation plant may use superphosphate produc ed
at the site It may also use a higher analysis phosphatic intermediate
triple superphosphate, ammonium phosphate, or phosphoric acid  Nitro-
gen may he supplied by ammonia, ammoniating solutions, urea, or some
combination of these materials. Potash is supplied as chloride or suiphate

Most small granulation plants attempt to operate with a formulation
in which drying is mainly accomplished by the heat generated in che-
mical reactions. Several small plants have opeiated successfully without
any dryer at all.

Superphosphoric acid has been used in small batch granulation plants
(6], and more recently in a small, continuous granulation plant without
a dryer [71, to promote granulation at low moisture contents. Grades were
12—18—18—3 MgO and 15-—-15—15—4 MgO. -ormulations containing
about 200 Ib. of superphosphoric acid and 70 to 100 Ib. of sulphuric
acid per ton of product gave good results. The acids were neutralized
with ammonia-ammonium riirate solutions. The granular products were
hard and dry (less than 1 per cent moisture) and had good siorage
propertiss,

Another approach to a simplified granulation system is to use a
powdered monocammonium phospliate with special properties that are
well suited to granulation. Several low-cost processes are available for
producing th material {8, 9, 10]. The monoammonium phosphate may
be used to supplement an?! up-grade superphosphate or to replace it.
Granulation may be promoted through use of steam., ammonia or amma-
niating solution, or a combination of these practices. A typical grade of
the powdered monoammonium phosphate is 10—50--0: it may be
produced at low cost and shipped in bulk to granulation plants {11]. in
most cases it may be preferable to manufacture monoammonium phos-
phate at the plant where posphoric acid Is produced rather than to deal
with the problems of shipping the acid.

Some granulation plants use only dry materials ; the mixture is
granulated by ing watwer or steam or both. in some cases, heatin
the mixture with a in the granulator may generate enough liqu

phuiornghﬁon. Granulation at elevated temperature is preferable

mﬁ- bymmmm,nﬁnmadd.ddumm.
ion must be subsequently evaporstied by drying, and the dried

sranuies are likaly %0 be porous and wesk.

Gramaletion '




Many granulation plants use phosphonic acid as an intermediate,
erther to supply all the phosphorus or to supplement superphosphate
Ammona may be supplied as such or as ammonating solution

As in Dblending, granulation with imposted intermediates  requires
suttable. dependahle transportation and Storage tacihthies  Sohd matenials
should be protected irom the weathet although prevennon o1 deteno
ration s dess catical than i blendimg

Granuiaion o large plants adjacent o the plants where basic inter
mediates are produced s sometmes the bes arrangement even though
large granulation plants cannot prepare small lots of <pecial grades econo-
mically In darge granulation plants 120 16 50 1lons per hour the usual
practice ot produce a imited number ot grades, ordinanily three to
six o as the ime and expense involved 1n cleanng the equipment of one
grade betore heginning the production o1 another make short wuns  or
trequent (hangts uneconomical  Some tompanies  that  operate largs
granulction plants also have smalles plants 6 to 10 19ns per hour) that
granulate special grades Also. special grades may be made by blending
or by adding micronutrients as a coating arter granulation.

Trends in types of nitrogen materiais

A prominent fcature of the world nitrogen industry 15 the rapd
rise n populerity ot urea, as <hown in figure IV Data tor tigure 1V
through 1969 are trom FAQ) reports . TVA projections to 175 take into
account planned capacity. Urea's share of the world nitrogen fertilizer
market has risen from less than 5 per cent in 1955 to 16 per cent in 1969
and 15 expected to increase to about 26 per cent by 1975 These rigures
are for <olid urea only, and do not include the urea content of solutions.
in the Umited States about half ot the urea used for fertilizer goes into
soluttons.

The largest gioup ot nitrogen tertilizer matenals consists of anhy-
drous ammonia. nitrogen solutions, the ritrogen content of ammonium
phosphates and complex tertilizers. and miscellaneous .ther materials.
Ammonium sulphate, once the dominant mitrogen material, supplied only
15 per cent ot the world market in 1969 and may decline to 8 per cent
by 1975 Other ilow-danalysis materials include calcium  nitrate, sodium
nitrate, and calcium cyanamide — a group now supplying only 2 per cent
of the market. Ammonium nitrate now supphes 27 per cent of the market ;
in future years that percentage may dechne slightly.

By 1975, nearly 40 per cent of the world fertilizer mitrogen capacity
will be used for production of urea tincluding solutions and the urea
content of complex fertilizers). In the developing countries of Africa, Asia
and Latin America, urea is expected to constitute 62 per cent of nitrogen
capacity.

The growing demand for urea is attributed to its high analysis and
to improvements in technology that have lowered its cost. At present, urea
is less expensive than ammonium nitrate per unit of nitrogen, both in
capital and production costs. Manderson [13] estn ates the production
cost of urea to be about 12 per cent less than ammonium nitrate : when
distribution and application cousts are included the cost advantage of urea
is about 20 per cent under prevailing United States marketing conditions,
In comparison with ammonium nitrate, which has been the ing form
of nitrogen since about 1960, there are no fire or explosion hazards
involved in using urea ; also, it is agronomically preferable for rice.

One of several disadvantages of ordinary commercial prilled ures
is that the size of the particle is too small for use in bulk blends. The
small-particle size increases the caking tendency and the rate of moisture
absorption ; also, some types of bfo.:mz spreaders operate less efficiontly
with small-particle size prilled urea. The usual prilied urea is weak N
has a low crushing strenght and poor resistance to abrasion. This weskness
may lead to excessive fine formation in bulk shipments and in some
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VA e develoned pan granulaton procea bor yrea through
the prlot plant stage The process has proved capable of producing closely
sized well vaunded granates 1o gy speciied size range Crushing strength
and essbince to abiasion have been dquite satistacton and  Jarge-scale
developme nt o planned

Although wome Lrea v marketed withaut conditioner. most of ot is
now condlitoned by Goating af imert materal wrch ac bankin 1y o by
4 Nratiaenl G nooaddeinde or other Oorganne chemicals These treatments
prevent aies hiom cakmg while stored i measture proot bags. but they
do not retand the rgte of manture absorption when the matenal 15 in
Contact wth i above the cntical hamudit which 75 per cent relative
humidite 4t W C o B many areas where the (limate s hot and hurmid
there 15 a need for g condiioning treatment that will sgnificantly retard
mosture absomption TVA s conducting research on this problem and some
promesng results have been obtained  In any conditioning  treatment, it
s arhantigeous 1o have larger granules 1o decregse the <yrface area.

In view of the plentifyl supply and low cost of urea consideration
should be given to wavs of using at. With the world trend towards farmer
preference for mixed ccompound) fertdizer. use of urea in granular mix-
fures s recening attention 1in many  countries The high analvsis of urea
iousetul in offcetting the low analvsis of cheaper nitrogen sources in
mintures A rovdure of urea and ammonium sulphate in equal parts, for
example would contain 134 4 per cent mitrogen. nearlv as much as ammo-
MM oitrate . Substiigtion of wrea-ammonium sulphate mixtures for am-
montum nitrate therefore nmight be a good way 1o move low-cost hy-
product ammonium sulphate into a high-grade product

The technolagy of uang urea in granular compound fertiliz»rs, with
or without ammonium sulphate 15 well advanced in lapan [14] and in
the Uinited Kingdom (151 Although there are some technical problems,
methods of handhing them have been developed.

Compounds containing urea must be dried at a relatively low tem-
perature to avoid hvdrolvsis of urea (forming ammonia and carbon cio-
vide) and to avord softening or melting in tie drver Rather large dryer
capacity is required to attain adequate drying at low temperature.

When the compeunds contain urea and single or triple superphos-
phate. an urea-monocaliium phosphate forms, releasing water of hydration
and causing the mixture 10 hecome wet and sticky. Ammoniation of the
superphosphate helps to prevent this condition, but reduces the water
solubility of the P20)s  The addition of ammonium sulphate helps by
reacting with the superphosphate preferentially The most prevalent method
of dealing with the problem requires very light ammoniation plus the
inclusion of ammonium sulphate in the formulation and carefui drying.

Granular compound fertilizers containing urea and sphate
should be cooled to about 30°C before storage, as slow rolysis of
nrea releases ammonia which reacts with the supe , a
decrease 1in P20s water solubility. This reaction occurs to an apprec

Fxtent even at temperaturec as low as 40°C during several months
of storage

4

Trends in types of phouphate materials

Figure V shows world trends in types of onh fertilizer mate-
rials with projections to 1975, A striking feature i

importance of single superphosphate from 63 cent of the total POy
supply in 1955 to 35 per cent in 1969. A fu decline t0 22 per comt
in 1975 is forecast. ' he decline in actual tonnage has been small. In !ﬁ
in 1966 the largest tonnage of single superphosphate was produced,

the 1970 tonnage cxceeded that of 1960. However, most of the expansien
industry has heen in higher analysis products. varticulerly trinle super
phosphate, ammonium phosphate, and other ce.nplex fertilizers,

trated superphosphate has maintained a nearly ‘teady leve! of 15 per oo
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Ideally, sulphur shoyld be supplied in fertilizers only when it s
reeded. To attain this ideal, an alert, efficient agricultural advisory service
should be available to every iarmer, but even in the most develo
in the phosphate countries this service is nop always available to il
farmers In developing countries where little is known about the need
for sulphur, deficiencies may become evident only after several years of
cropping with sulphur-free fertilize,s.

In some crrcumstances, single superphosphate may be the most
economical source of sulphur ; however, elemental sulphyr has, frequently
proved to be economical and effcctive. Elemental sulphur can be incor-
porated in granular fertilizer by spraying it in liquid form in the Branulator.

There is a trend towards using phosphoric acid as an intermediate
rather than converting it tc finished fertilizer at the point of manufacture.
In the United States approximately 1 million tons of P20s s shipped as
phosphoric acid irom the point of manufacture (near phosphate mines)
to market areas for conversion to fertilizer. “Superphosphoric”’ acid (70 1o
72 per cent PiQs) may comprise about half of the shipments ; the re-
mainder 1s usually shipped at a concentration of 54 per cent PyOs. The acid
Is used at the dest.nation in granulation plants, in liquid mixed fertilizer
plants, or for direct application.

Because of the long distances between phosphate mines and market
areas in the United States, the shipment of phosphoric acid is feasible.
Several phosphoric acid plants are either in operdtion, under construction,
or planned which are intended primarily to supply phosphoric acid to
international trade because such shipments are cfeemed i

There is some interest in partial purification of phosphoric acid,
especially in areas where the phosphate rock Contains more than the
usual amount of impurities. The impurities form a slud?': that Is trou-
blesome in shipping. and some types of impurities detract rom the quality

tilizes most of the fluorine and silicon. Some companies remove part of
the magnesia from superphosphoric acid for liquid fertilizer pr tion.
One company in Mexico practices partial purification by solvent extrac-
tion. Phosphoric acid produced by the hrdrochlon‘c acid route, as in
the Israel Mining Industries process, has a low Impurity content,

Liquid fertilizers

Consumption of liquid fertilizers has grown rapidly In the United
States, as shown below.

Liquid fertllizers Millions of tons

1963 1967 199 1971
Anhydrous ammonia 14 22 28 34
Aqua ammonia 0.7 08 06 07
Nitrogen solutions 17 23 25 32
Liquid mixed fertilizers 09 17 20 40a)
———
a) Estimated,

In addition to these Materials, direct application of phosphoric ackd
(50 to 60 per cent P20s) amounted from 50,000 to 70,000 tons per yogr,

Including 26 per cont of
use

rous ammonia, comprised
all fertilizers in 1971, T!:\: data for liquid mixed fertilizer in
1965 and 1969 hmmﬂmduetoincompmwng;a
mmtsquby%h%%ﬁnwmm

tions Association indicated a 1971 cﬂmumpuonollbou4mlﬂhnm RN
or about 20 per cent of alicompound fertilizers {17




Growth in use of anhydrous ammonia is mainly attributable to its
low cost, which more than offsets higher costs for storage, transpartation,
and application. The average prices paid by farmers in the United States
in 1970 for various nitrogen fertilizers are shown beiow [18]

US $'kg of N
Anhydrous ammonia 010
Urea 0.20
Ammonium nifrate 0.20
Nitrogen solulion 019
Ammonium suiphaie 028

Liquid mixed fertilizers are more expensive than bulk blends, but are
comparable in cost to granular compound fertilizers. Their popularity s
due to advantages other than price.

Liquid fertilizers are dependabiy free-flowing, are free from dust or
caking problems, and are unaffected by humidity. They are convenient o
handle and easy to apﬁ‘y; and because they save labour and are easily
adapted to mechanical handling, they are of great advantage to the farmer.

Even distribution and precise placement are easier with liquids than
with solids. Liquid mixing is readily adapted to prescription formuiation
and herbicides or pesticides may easily be mixed with iiquid fertiiizers.
For irrigated crops liquid fertilizers are especialiy popular as the fertilizers
may be added to the irrigation water.

From a manufacturing standpoint, a priinary advantage of liquid
fertilizers is the simplicity and low cost of production, storage, handling,
and transportation. Manufacture does not require large plants, dust and
fume pn:g!.;ms are practically non-existent and losses are very small.
Controll of compnsition is simple and there are no problems of hygrosco-
giec:‘ty or caking. The costs of storage, loading, and handling are not high

use pumps and piping are cheaper than conveyors, elevators, powei
shovels, and cranes, both in capital cost and in operating cost.

The usual nit materials for liquid mixed fertilizers are urea-
ammonium nitrate solutions (28 to 32 per cent N) and solid urea. Urea-
ammonium nitrate solutions are preferred because they are cheaper, more
convenient, and ﬁve high solubility in grades containing little or no potash,
Solid urea gives higher solubility in most NPK grades.

Ammonium polyphosphate solution is the mos' popular phosphatic
material. Solid ammonium polyphosphate may also be: used. The ammonium
polyphosphate materials are p oy reaction of superphosphoric acid
with ammonia. The superph ic acid may be made from elemental
phosphorus (thermal process) or by concentrating wet-process phosphoric
acid. At present, most of the liquid products are made from wet-process
supe < acid. The usual solution grade is 10—34—0 or 11—37—0.
At present, only the Tennessee Valley Authority produces the solid mate-
rial. It grade is 15—62—0 (made from thermal acld). ‘Soluble” refined
potassium chloride (62 to 63 per cent KzO) is the usual potash source.

Use of liquid fertilizer is increasing rapidly in some European coun-
Belgium, France and the UnmJ Kingdom ; use in France




Foresecable aapnovements i hguid  tertdizer manutacture indlirde
production of ammoramm polyphosptate solution directly  trom ortho-
phosphone aad without the intenmediate production ot superphosphoric
acd s has been accomphshed m brance (19] and 1n the United States
and should help to reduce cost,

Agronamic advantages ot hud tertiiizers have heen reported which
tay esuil Brom more precse placement o irom the presence ol poly-
phosphate. as discussed below

Suspension fertilizers

A diadvantage of clear liquids is the low analysis of grades that con-
tain a4 substantial proportion of K20 For instance, the average analysis of
hquid mixed ternhizers tnciuding a small proportion ot suspensions) in the
Crited States 1n 1970 was 84--16.4--7.6 as compared with 9.2—17.7—12.7
tor att mined tertilizers. This disadvantage s minimized by the marketing
system  the tinal mix 1s seldom transported far distances. Nevertheless, the
relatively low analvsis often has a significant effect on the cost of trans-
portation and application.

The use ! suspension fertilizers provides a means for overcoming
the disadvantage of low analysis. They are liquids containing solids, usually
soluble salts in their saturated solutior. The mixtures are treated to
minimize setthng by inclusion of 1 to 3 per cent of a gelling-type clay in
their formulation. tn 1971, about one-third of all liquid mixed fertilizers
Were suspensions.

With suspensicns, the analysis can be on a level comparable with
granular solid or bulk biended fertilizers. Popular grades of suspension
fertilizers are 7--21—21, 3—10—30, 10—20—20, and 15—15—15, about
twice the nutrient content obtainable in clear liquids with these ratios.

Another advantage of suspensions is greater flexibility in formulation ;
the materials need not all be soluble. This is a particular advantage wnen
secondary elements or certain micronutrients must be supplied ; magne-
sium and manganese compounds, for example, are only slightly soluble in
liquid mixed fertilizer.

Handling and application of suspensions, in their present state of
development however, are not as simple, convenient, and trouble-free as
for clear liguids.

Ammonium polyphosphate

The term “ammonium polyphosphate” is used in fertilizer parlance
to denote materials containing condensed phosphates. As discussed previ-
ously, solutions or solids produced by ammoniation of superphosphoric acid
are favorite intermediates for compounding liquid fertilizers. Typical com-
position of the three most popular polyphosphate materials are given below.

Phosphate species in ammonium
polyphosphate Percentage of total P:Os

10—34—0 11—37—0 15—62-0

solution solution solid @
Ortho ] 20 4
Pyro 42 k7 5
Tripoly [ ] 23 4
Tetrapoly and higher 1 1% 1

a) Made from electric-furnace phosphoric acid.

Ammonium polyphosphates may aiso be made directly from ortho-
phosphoric acid by a process that utiiizes the heat of reaction of the
acid with ammonia to dehydrate the ammonium phosphate. This process

is in an advanced stage of pliot-plant study.
30




Chemically, ammonum polyphosphates wie the ammonium <alts of
pulyphosphonc acids, The geoeral donnmula lor polyphosphone  aaid s
Finoo 2Pntsn 4 1 the speaitic ammonin polyphiosphates most abun-
dant v ferubizers are triammorium and letiaeammoniunt pyrophosphate,
(NHOsHP207  and  (NHejaP20)7,  and pentaammonium  npolyphosphate,
INHa5P30)10

Ammonwum polyphosphates are patticularly usetul n hquid fer.izers
because they sequester the impurities normally present i wet-process
phosphoric acid, thus avording preaipitabon o1 insoluble non, aluminum,
and other compounds when the aaid 1 ammoniated. Also, the ammonium
polyphosphates are more soluble than the orthophosphates, permitting
production of higher analysis solutions.

Terman and Engelstad (20 summanzing stachies in the United States
concluded that ammonium polyphosphate  usually  was equal or shghtly
supenor to monoammomum  phosphate. Botih  were usually superior to
concentrated superphosphate tor early growth response. Fourcassie and
Gadet (21] concluded trom experiments in France that ammonium poly-
phosphate supplied as liguid iertilizer was consistently superior to other
phosphorus sources as the result of better phosphorus utilization. Most
of these tests weic made on calcareous soil Field tests at six locations
in japan indicated that response to solid ammonium polyphosphate was
generally greater than to ammonium orthophosphate, aithough early growth
was sometimes slightly delayed. There was some suggestion that better
utilization of native or applied micronutrients may have heen a factor
in the favourable results with polyphosphates.

Gourny and Conesa [22] reported that hquid fertilizer containing 34 to
82 per cent of its phosphate as nonorthophosphate was slightly inferior
to ammonium orthophosphate on acid soil, but markedly superior on cal-
careous soil.

Conesa (23] demoristrated that plants can take up polyphosphate
without previous hydrolysis.

Singh and Dartigues (24] reported that polyphosphate was superior
to ammonium orthophosphate on two zinc-deficient calcareous soils.

Soubies and Baratier (25) emphasize the advantage of band place-
ment of ammonium polyphosphate solution near the seed as compared
with broadcast solid orthophosphate. They claimed that the band place-
ment used with liquids was not possible with solids.

Mortvedt and Giordano (26] reported that liquid polyphosphate
fertilizers were effective carriers of iron sulphate in greenhcuse tests for
crops grown on iron-deficient soils, whereas application of iron sulphate
alone or in several granular fertilizers was infeffective.

In a recent series of field tests in the United States {27] ammonium

hate solution gave higher yields of maize and wheat, than
orthophosphate fertilizer in either liquid or solid form.

Nitric phosphates

Nitric phosphate-type processes are particularly attractive for coun-
raw material resources for fertilizer manufacture. The

tries with limited

w materials required are ammonia Wu rock, either

ar | of which can imported. Nitric tes are economically

prefershie when suiphur prices are high.

- About sixty plants are believed to be solid nitric phos-

phates, v WO thirds of them are in Europe. Producing
Mpmmimmmuhwmdeﬂnnitﬁcph%tcm

mmﬁh&dhwn«mndmoimmobmsmm

s , - 4o produce such
i Ll S S M e e
in large, efficient plany [29). »
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Evtumates usually indicate that minic phosphate processes are more
economical than production ot equivalent amounts ot nitrogen and phos-
phate tertilizers as ammonium phosphate and ammonium nitrate or urea.
When compared with the ure: plus ammonium phosphate, the cost
advantage 1« small and mav be ottset by higher transportation costs iof
the products are shipped very far {28!

The principal disadvantages ot nitric phosphates are that only about
2 tons ot mtrogen are produced tor each ton ot PaQs, and that most of

the nitrogen is 0 the torm of ammonium nitrate  Also, 1t 15 not easy to
produce a wide range of grades.

Potassium phosphates

There has been much interest in potassiuin phosphates because of
theu very high analvsis and good agronomic properties. The potassium
phosphates under consideration include the orthophosphates, KH2PO« and
K2HPOa, and the polyphosphates ranging from pyro and tripoly to long-
chain polyphosphates commonly called “metaphosphate”. The orthophos-
phate and short-chain polyphosphates are quite soluble, whereas the
metaphosphates may be either soluble or insoluble, depending on their
method ot preparation and impurity content.

Potassium orthophosphate 1s used to a limited extent in special
fertilizers such as water-soluble mixes for foliar application or transplan-
ting solutions, there 1s also some use of liquid fertilizers for farm applica-
ton. OOne company in the United States produces a 0—26—27 potassium
polyphosphate solution for use in liquid mixed fertilizers. All of these
materials are produced from potassium hydroxide or carbonate, and hence
are too costly for general use.

Many research projects have been aimed at producing potassium
phosphates from potassium chioride, the cheapest source. Most of these
projects have not proved economic because of the difficulty of utilizing
or disposing of the by-preduct hydrochloric acid. Even if the hydrochioric
acid 1s used to react with phosphate rock, calcium chioride becomes a
by-product which is difficult to dispose of in many locations.

Recently a process was developed in Ireland by Goulding Fertilizers
on a pilot-plant scale that produces KH2PO« and anhydrous HCI gas (30}
A similar process was developed in the United States by Pennzoil, and the
two companies have agreed to pool their information. it is claimed that
anhydrous HC! can be used in certain organic oxychlorination processes
where its value will be comparable with that of elemental chlorine. it was
recently announced that a small plant in California would be adapted
for production of potassium phosphates by the Goulding-Pennzoil process.

Controlled-release fertilizens

Fertilizers that release plant nutrients slowly throughout the growing
season Or even several growing seasons continue to attract the attention
of technologists and agronomists. Potential advantages claimed for control-
led-release fertilizers are increased efficiency of uptake by plants ; minimi-
zation of losses by leaching, fixation, or decomposition ; reduction in
application costs through reduction in number of applications ; elimination
of luxury consumption ; and avoidance of buming of vegetation or damage
to seedlings.

The term “controlled-release fertilizers”, as used in the following
discussion, refers to any fertilizers that release their nutrient content over
an extended period. Even a simple choice among materials inherently siow
to dissolve is viewed as a measure of control.
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Controlled-release phosphate fertilizers

Of the numerous controlled-release phosphorus compounds that have
been tested. those in frequent use are - ground phosphate rock, calcined
aluminium phosphate ore, basic slag, defluorinaied phosphate rock (tri-
calcium phosphate), fused calcium magnesium phosphate, Rhenanii. phos-
phate, bone meal, dicalcium phospliate, magnesium ammonmum phosphate,
calcum metaphosphate, and  potassium metaphosphate.  (The so-called
metaphosphates are more properly designated as polyphosphates).

Ground phosphate rock containing about 1.8 mullion tons of P20s
was applied to the soil in 1969—1970 (31{ This probably represented some
6 million tons of rock ; about half of this amount was used in the Union
of Soviet Socialist Republics and the remainder was widely distributed
among other countries,

The effectiveness of ground phosphate rock varies widely with varia-
tion in its reactivity. A good indication of reactivity is solubility in neutral
ammonium citrate. The effectiveness of the most reactive rocks, such as
those from Cafsa and North Carolina, may approach the effectiveness
of water-soluble phosphates on some soils and with certain crops. The
least reactive rocks, such as igneous apatite and Udaipur (India) rock, are
quite ineffective on all soils. Effectiveness depends on soil pH and is
greatest on acid soils ; on high-pH soils, even highly reactive rocks are quite
ineffective. As an exception, caicined aluminium phosphate ores, such as
those from Senegal or Christmas Island are more effective on neutrai or
alkaline soils.

Basic slag containing about 1.3 million tons of P20s was applied in
1969—1970 (31]. Gross weight of the slag probably was about 8 million
tons. Basic slag is generally regarded as quite effective uxcept on calcareous
soils. It is also valued for its content of the secondary nutrients calcium
and magnesium and for its micronutrient content.

Calcined aluminium phosphate ore is used mainly in France. It tends
to be more effective on high-pH than acid soils. The main source of
aluminlum phosphate ore is Senegal, but several other occurrences are
known, and some is now being mined on Christmas Island. Its effectiveness
d?ehds on the calcination temperature and on fine grinding, and may be
indicated by solubility in neutral or alkaline ammonium citrate. It is more
soluble In the alkaline reagent.

Straight dicalcium phosphate is manufactured for fertilizer use in
relatively small quantities In France and Belgium. Substantial amounts
however are present in nitric phosphates and ammoniated superphosphates.
It is fully soluble in neutral ammonium citrate and is generally considered
to be an effective fertilizer, particularly on acid soils when broadcast in
fine particle size and incorporated with the soil.

Fused calclum magnesium phosphate is manuiactured mainly in Japan.
it is effective on acid soils when finely ground. it supplies magnesium and
silica, which may be quite helpfui in some soil-crop combinations.

Most of the insoluble or slightly soluble phosphate materials are used
either because they are less expensive than soluble phosphates or because
they supply other elements. Very seldom if ever can any agronomic supe-
dority be attributed to their siow release of nutrient in the soil. In fact, the

soluble materials often give inferior results, ranicuhrly in the first
of ication. However, some of them are valued for specially uses

may be safely placed in contact with seeds or roots, w
soluble might damage of roots in some situations.
 Soluble react r with the soil to form relatively
insoluble [32], so «ven soluble phosphates become slow-
fortilizers in the soll. The main effort has been to find ways to




Controlled-release nitrogen fertilizers

shighth soluble matenals - One group of controlled-release nitrogen
tertihizers comprises chemical compounds that are only shightly soluble. It
mav he noted that the rate ot release of nutneni from most of these
<hightly <oluble compounds 15 not  directly related to water solubility.
Instead. the release rate 1s related 1o microbiologiaal attack which converts
the mitrogen to torms that an be used by plants. However, the rate ol
attack s refated to the rate ot soluiton, which depends, i turn, on solubi-
lity, particte e and other wadors

Urea-aldehvde compounds are the principal representatives of this
group that are produced  commerciaily  tsobutylidene  diurea (1BDU) s
produced i lapan thiough the reaction of urea with isobutyraldehyde in
21 mole aiv \When pure, it contamns 32,18 per cent N. Hamanmoto |33
reported  methods  tor its preparation and  discussed its usetulness as a
tertilizer  Crotonylidene diurea (CDU), also called cyclodiurea, is produced
in Federal Republic of Germany and lapan through the reaction of urea
with crotonaldehyde or acetaldehyde. The pure compound contains about
32 per cent N

According to Ando [15] the consumption in Japan 1n 1968 was 1,600
tons of N as IBDU and 1,400 as CDU, a total of 3,200 tons of N or
10,000 tons of the two slow-release materials, more than double the
amount ol 1966, The materials weie used to prepare compound ftertilizers
in which about half ot the nitrogen was In slow-release torm.

Hamamoto {33] discussed agronomic studies made in lapan with
IBDU and other slow-acting mitrogen matenals. The release rate from
these slightly soluble materials is a function of the particle size. Under
conditions in Japan, the use of these materials often improved yields and
saved labour by decreasing the number of applications required. Hamamoto
stated that the cost of 1IBDU to farmers was over twice that of conven-
tional nitrogen fertilizers per unit of nitrogen. Compound fertilizers of
1:1:1 ratio with half of the nitrogen supplied as IRDU cost about 20 per
cent more than conventional tertilizers. For this reason they were used
mainly on vegetables and cash crops and not very much on grains.

Urea-formaldehyde reaction products, usually called “ureaform”, are
produced by about six manufacturers in the United States and in several
other countries. Unlike IBDU and CDU, ureaform, which usually contains
about 38 per cent N, is not a definite chemical compound. 1t contains
methylene ureas of different chain lengths ; ihe solubility increases with
decrease in chain length.

Perhaps the most useful component of ureaform as a slowrelease
nitrogen material is trimethylene tetraurea ; shorter chain lengths are too
rapidly decomposed, and longer chains are highly resistant to decomposi-
tion. Unfortunately it is very difficult to produce commercially a pure
trimethylene tetraurea ; ureaform contains both shorter and longer chains.

A typical ureaform may contain 30 per cent of its nitrogen in forms
that are soluble in cold water (25°C). The quality of the remaining 70 per
cent is judged by the percentage that is soluble in boilling water as determi-
ned by prescribed analytical procedures. At least 40 per cent of the nitro-
gen insoluble in cold water should be soluble in hot water for acceptable
agronomic response ; typical values are 50 to 55 per cent.

The consumption of ureaform in the United States is approximately
50,000 tons per year. Most of the production goes into mixed fertllizer for
special uses, such as for lawns, flower gardens, and golf courses. The
wholesale price of ureaform per unit of nitrogen is about three times that
of urea, ammonium nitrate, or ammonium sulphate.

In TVA tests of many other organic nitrogen-containing compounds
as fertilizers, some proved readily available, some slowly available, some
inert, and some toxic. Among those that showed promise as slow-
fertilizers were oxamide, glycourll, cyanuric acid, ammeline, and amnelide.
For lack of a practical process, none of these materials has been manvfac-
tured commercially as fertilizer,

34




Coated soluble materials - A wide range ol materials and techniques
have been explored with the object of making controlled-release ferti-
hzers by coating soluble tertilizer materials with plastic films, resins,
waxes, asphaltic materials, or other barners The only known commercial
production of coated controbled.release tertilizer uses a process developed
by Archer Daniels Midland Company (ADM). The main component of the
coating g copolymer ol ditydupentadiene with a glycerol ester {34)
Applied in several layers that vary in composition, the coating releases
tertihzer solution by osmaotic exchange with moisture trom the soil The
coated granular tertiizer was manufactured by ADM under the trade name
Osimocote starting in 1964, 1t 15 now produced and marketed by Sierra
Chemical Company under exclusive hcense from ADM. Three grades ol
Osmocote are available - 14 14— 14, 18--9--9, and 36 -0—0. The nitro-
gen in the first two grades is supplied by ammonium nitrate and ammonium
phosphate ; the third grade is coated urea. The weight of the coating
ranges from 10 to 15 per cent of the gross weight

Osmocaote products are recommended for turf, tloriculture, ursery
stock, and high-value row crops. The retail price in 1965 was repoicd to
be about $ 0.55 per kg

Sulphur-coated urea (SCU) s 4 controlled-release material that has
heen under development by TVA for ter years. Sulphur was selected
as the coating materiai on the basis of economy and efficiency after
several coating materials were tried. Urea was selected as the material
to be coated because of its high nitrogen content, low cost, and commer-
cial availability.

Initial studies indicated that sulphur alone was not adequately resis-
tant to moisture penetration. The discovery that an oily wax sealant was
required with the sulphur provided the breakthrough to a successful
coating. The wax, however, was subject to microbial attack in the soil
resulting in deterioration of its sealing properties. This problem was
solved iy adding 0.2 per cent of coal tar as a microbicide.

In early laboratory work, 2 to 15 pound batches of urea were coated
in small drums. The development then was shifted to a small continuous
pilot plant with a production rate of about 300 pounds per hour. The
process is now being developed further in a large pilot plant with a
capacity of about 1 ton per hour.

A flow diagram of the pilot plant is shown in ﬁgure Vi. Granular
urea Is preheated in the first rotating drum to 80°C with electric
radiants geaters to prevent the sulphur from freezing too rapidly on the
granules. The molten sulphur is air-atomized and sprayed onto the rolling




bed of granules in the second drum Wax and coal tar are applied in the
third drum. The coated granules are then cooled in a Huidized bed cooler,
and a powdery conditioner 15 apphed 1n a fourth drum to eliminate the
tacky condition of the wax

Most 0! the work was done with commercal granular urea (17 to
33 mmi produced by the spray-drum  granulation process. Some tests
were made with prilled urea, but its <maller particle aze results in greater
curface area per unmit weight of urea  this greater surface requires 2
coating that 1s higher i percentage by weight of the product for a given
coating thickness. For this reason, large. well-rounded granules ate pre-
terred for coating.

The rate of dissolution of coated urea can be governed by varying
the thickness of the coating. To determine the dissolution rate, a labo-
ratory test 15 made which measures the percentage of urea that dissolves
in seven days in water at 38 C. Current agronomic information indicates
that n general the best results are obtained with materials that have a
seven day dissolution of 20 to 30 per cent. such material can be produced
with a total coating weight of as little as 15 per cent (10°/e sulphur,
2% wax and coal tar oil, and 3% conditioner).

Typical dissulution patterns in water are shown in figure VI!. These
tests were made wi early products ; in subsequent wo.k, improved
coating technique provided similar dissolution patterns with lighter ccat-
ings. However, the figure illustrates the reiative effect of coating weight
and the effect of water temperature on dissolution. It also shows that the
dissolution rate decreases with time of immersion. Soil dissolution rates
are not necessarily the same as dissolution rates in water. Allen et al. (35)
have published data cn the rate of dissolution in the soil as affected by
coating weight, temperature, placement, and inclusion of microbicide in
the coating.

In addition to the controlled-release characteristics, coated urea has
excellent storage and handling characteristics and might even be handled
in bulk in humid climates. Also, it may be blenced with tripie or single
superphosphates, whic! are incompatible with uncoatec urea.

Agronomic tests have bean completed or are in progress in 29
countries and in 36 states of the United States. Some results of TVA
tests have been reported (36, 37, 38].

Coated urea was advantageous for sugarcane, pineapple and rice
grown with delayed or intermittent flooding, and in general for
long-season crops or for conditions conducive to heavy leaching or
decomposition.

The sulphur-coating technique may be applied to fertilizers other
than urea. Experimental work has included coating of diammonlum phos-
phate, potassium chloride, potassium sulphate and various compound
fertilizers.

Nitrification inhibitors : Nitrogen fertilizers in the ammonium form
are immobilized in the soil by sorption on clay particles and hence are
resistant to leaching. The ammonium form, however is rapidly converted
to the nitrate form in most soils by microbiological processes called nitri-
fication. The nitrate form is more readily available to most plants, although
some plants (e.g., rice) can readly use the ammonium form. Thus, some
of the purposes of controlled release (resistance to leaching and delayed
availability) mai be attained by delaying nitrification of ammonium nitrogen.

Numerous organiz chemicals have been identified as nitrification
inhibitors. The inhibition is due to the toxicity of these chemicals to orga-
nisms that convert ammonium nitrogen to nitrite, which is the first step
of the nitrification prccess.

One of the nitrification inhibitors that has received attention in the
United States is 2-chloro-6-(trichloromethyl) pyridine. Dow Chemical Com-
pany is promoting it under the trade name N-Serve and is aiming at a
price level per hectare for growers of about § 6.20 to § 7.40. The mini-
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eR as a berhicde o ve culture tor the aade A coramerdial production
uit s anticpated noabout thres yedis

Another anticaton nhibtor that hos recenved much atterdion in
Lpdn s 2 ammo $ chloro b methyl pynmadine 1o manutactured by Mt
it loatsy Chenncals I tormery Tove Koatsu Industiies  Ind 1 under
the toade name AN Lapanese  ompanies produced 15 #0 tons ot NPK
tertilizers contanmog AN 168

Controlied-release potassium fertilizer

Some nterest bas Been shown o controlled release potassium fer-
thzers TVA conducted tests with potassium polvphosphates and potassium
Gloum pyrophosphates  Sume ot the materils were tound *tu be only
shghtly soluble 10 water by the ADA( procedure  Agronomic evaluation
of the matenals was reported by Engelstad 1411 and thewr only advantage
was that they helped 1o reduce inpiry o germnating weds Most of the
materals however  were determined reatdily available as soluble potash
wite Some 1 the least soluble matenals showed slow release (haracte-
natics when applied as large partiddes tabout 7 ommi but there was no
condlusn e evidence of ncreased ethaency

More recently  sulphur coated potassum chlonde has heen prepared
hy TVA Joi agronomic iesls Some of these tests were promising in that
vields were increased 1n . ompdrson with uncoated potassium chloride (421
More miormat.on 1w needed tor agronomic and economi. evaluation. The
low ost ol soluble potassium  tertdiers tends to discourage efforts to
increase therr ethiency

Conclusions about controlied-release fertiiizers

Controlled release nitiogen tertilizers will probably prove useiut tor
wme tield crops i some situations, but much more udy s required to
determine the place o1 controlled release mtrogen .ertihzers in the farm
economy

Controlled-release lertilizers are most tikely to prove profitable where
labour 15 scarce and expensive In developing countries where labour is
plentiul, multiple applications of soluble ‘ertilizers can be used to increase
crop yrelds Prospects tor improvement ot phosphate and potassium forti-
hzers through controlled release seem remote
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SULPHURIC ACID : PRODUCTION, TECHNOLOGY AND PLANT
CONSTRUCTION IN POLAND

lan Woznakowsk 9

introduction

Sulphunic acid 1s a very important intermediate for the manufacture
of a wide range of chemical products which include fertilizers, dyes, inor-
ganic compounds an synthetic fibres Its production 15 used as a measure
of the economic an 1 industrial development of a country.

The tertilizer ina. stry 1s the largest consumer of sulphuric acid. The
world trend 1s towards pi osphate fertilizers, which are produced by treating
phosphate rock with sulptiric acid ithe wet method).

Considering today's low ulphur prices and the rising costs of
mining and extracting, there would seem to be good reason for the
development ot phosphate production on a phosphoric acid base as this
yields fertilizers aralysing 18—46—0 and even higher, based on superpt.o3-
phoric acid. A part from this application, 'P-granulated phosphates can
be mixed mechanically with other monocomponent granules, or macro-
grain phosphates to produce a series of tri-component fertilizers complete
with micro-elements, according to the denands of iculture. This is the
direction in which Polish phosphate production is ing . the pro-
duction of sulphuric acid has gained in importance and the proper techno-
logy and raw matenal have became very significant.

Raw materials for sulphuric acld preduction

Poland is fortunate in having at its disposal a number of raw materisls
containing sulphur of a very high purity. The country also uses the following
raw materials in the production of sulphuric acid :

Anhydrite and gypsum

Sulphur-refining wasies (cake!

Sulphur dioxide SO contaiming pases from non-ferreus  ores calcination  (zinc,
lead, copper)

Hydrogen sulpiude and off-gases

The installations that used pyrites up to 1970 have been
tosulphuruthehighcostofm&nh.pyﬁtuhodnsdhdinmm
down of the mines.

Polish sulphu, ‘vhich is supplied mamnly in liquid form con
pcrccntpunchmn\alsdphw.m»om is neoded
before it is used in production. The instalistion is relstively simple
and investment costs are very low.
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the industrial :scale have indicated the possibility of producing sulphuric
acid of a hgh andard on this base The following are the average
snalyses of sulphur-refining wastes rich in elemental sulphur

Percontage

3 .40 Sutphur 1S

12— 18 Gypsum (CaSOst

52 —%8 Calkcium carbonate (CaCOw
4 - & Woater (HA»

These are very suitable for sulphunic acid production and have waste-
calcines that may be used as calcium fertilizers The average composition
of these residues is

Percentage

M 90 Calcium carbonate (CaCOw
 —16 Gypsum  (CaSOal

01— 0% Calcium sulphude (CaS)
01— 03 tiementary sulphur (S}

Gases which contain 4—12 per cent of sulphur dioxide (SO2 eg
smeiter gates) may now be used only in sulphuric acid production, as a
result of the raising of poliution control standards.

suiphide (H:S), extracted from :-puﬁﬁcnion masses finds

Suiphuric acid tochnolegy

mm
& L Sulpher
» - Pyrites
v - Mulivrgy wasle ges
) ” Sulphur relinevy westes
] L Arlopiran-gypuum
| ] Othan




It s expected that the remaming single contact umits working on a
hase of sulphur-retining wastes o natural sulphur will be re-designed and
comverted to the duouble-contact process Sulphutic aod plants based on
<ulphar dioude SOwin smelter gases use single contact The SOz content
i the Hue gases 15 dimmished by ammenie absorphion. ammonium sulphate
hemg the by product

Av the production ot sulphunc aced usig o sufphur base s expected
to increase 0 the vears o come, this process will recenve most attention
in this papcr other methods which are {ew attractive and seldom applied.
will be descrhed superticatly only. The 1olowirg table shows dearly the
Bhitt of the world raw material hase 1n the direction of sulphur

Raw materiah comsumed in sulphuric acid production
percentage!

Ran materat Waorld West Furope Untled States
AT 19H4 195 1960 1946 1970
“uiphu 418 58 2 80 (A% 91 779
Melatlic suiphides 314 doh "R 8B 470 133 84
Others 48 152 2 173 Te 137

SULPHURIC ACHD PRODUCTION ON SULPHUR BASE (FIGURE

Raw material t(sciphur) Poland bhas rich deposiis of suiphur and this
tact has naturally influenced sulphunic acid production in the country,

in 1965 production on this base amounted to 40 per cent; in
1970 1t was 64 per cent . now it is more than 70 per cent of the total
country capacity.

The composition of Polish sulphur is as follows

Liqud Solid
Flemental sulphur, over 9995 99.8%
Impunies (tofal), below 0.08 0.1
Arseni 0.000 0.000
Selenium 0.000 0.000
Aids fas H:S0, below 0.007 am
OQrganie compounds, below ams 0.2
Ash () @i

Sulphur transport and storage. Sulphur is tramported mainly (up to
90 per cent) in the liquid state. [t is transported in special 50 tons ra
tanks equipped with steam-heating coils that may be used to prevemt
from becoming solidified This heating system is not used du
tation however,

At the plant, the tanks, before they are cleaned, are heated by means
of 5—6 ata saturated steam. The mdm period varies from 3 to 10 howrs,
depending on weather conditions period of tramsportation. Tank
clearing 1s carried out by means of pipe connections in the bottom of
the tank. Alternatively, they may be clesred by pumping the liquid sulphur
out through an upper hatch, by means ot a special movesbile pips-srm with
on elastic joint, either directly into a storage tank or into an
mediate tank from which it is later transferred, using submergad
into the main tank mmmm.ummm,apm
on the method used.

The storage tanks, which are of seel, are also steam-hested
order to keep steam consumption 0 8 mininum, the tanks and pipings
insulated and covered with sluminium
protection against damage and weather.

The capacity of the tanks ranges from
enables periodic clearing of residues (mosly impurities) o be carried et
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subsequent hitering prevents the solidification ot dirty sulphur in the tank
bottom and petmits the bottom steam coils 1o he dispensed with The
total steam consumption including railway  tanks, storage tanks titering
equipment pumps and pepmg. amounts to 80 100 kg per ton of sniphunc
aod produced  This ot course depends on the pernod of transportation
Ear sobid sulphur the total consumption 1+ 100 120 kg per ton of sulphu-
e acd

solid sulphur 1« transported mainly 1 open radway cars, which are
covered with canvas to protect the sulpbur against atmospheric influence
and splling  The cars are unloaded hv means of a holder gantry or a
mechanical shovel Solid sulphur 1s stored in covered warehouses surroun-
ded by 3 m/high retaining walls or in open stacking yards

sulphir preparation Sohd sulphur, which s used only in some of the
older plants s tzansterred trom storage to the metting tanks by means of a
grab or on a convevor bel., the helt scales registenng the quantity to he
transported

The melting tank 1s equipped with steel pipe roasts, which serve as
melting elements heating coils to keep the sulphur hquid. and special
mixer 1o speed up the melting process The molten sulphur teeds, into
the dirty- sulphur storage tank, after it has heen filtered in the primary
network filter

The dirty sulphur 1s shoved in an underground tank made of con-
crete, hined with acid-proof bricks and equipped with steam-heating coils
and compartments for diatomaceous earth precoat feeding of candle
filters Several pumps are installed in this tank - one is part of the filtering
system, the others are used in the unloading of railway-tanks, eventually
pumping inte the storage tanks.

When a diatomaceous earth precoat has formed, the suplhur is
filtered again by pumping it through a filter cake.

in the case of liquid sulphur, the underground storage tank serves
as a railway-car ('earing tank ; to speed up the clearing activities additio-
nal pumps of greater capacity must be installed.

The capacity and pressure of unloading and filtering pumps depends
on the solid sulphur size, distance to storage tanks und type of filter.
Graphite candle filters are normally used. For a 100,000 tons per year
sulphuric acid unit only two are needed, each with a filtering surface of
about 206 m?

For larger units, larger candle filters or pressure filters with a special
stainless steel network are used. Under normal conditions, pure sulphur
contaiming 99.999 per cent elementai sulphur can be obtained. The filtra-
tion process is controlled according to the sulphur pressure indications
on the manometer. In the case of graphite candies, the pumps are stopped
and the process is finished when the pressure reaches 3.5 ata. A reverse
flow of steam strips off the filter cake with all its impurities. This cake,
which is immediately solidified in cold water, contains about 50 per cent
elemental suiphur and serves as raw material in another plant. Similar waste
material obtained during sulphur refining is also used later. Approximately
0.16 kg of a special kind of diatomaceous earth is used per ton
of HaSOu.

Filtered sulphur is fed into the pure-sulphur tank, from which it Is
pumped, by means of gear pumps, through the flow-meter into the burner
in the furnace.

The pure sulphur tank is Wod either as an underground tank,
with a construction similar to that of the dirty sulphur tank, or as a steel
surface tank. The sulphur furnace feed pumps have different capacities
according to the productivity of the unit, the pressure ra between 12
and 16 ata to permit fine sulphur atomizing in the furnace. Output of the
pumps is regulated by either rotation or needle valve control. in all
cases the sulphur pump output control s automatically guided by the
sulphur dioxide (SO2) concentration in the boiler flue gases.

Sulphur combustion and heat utilization. The sulphur combustion
process releases a large amount of heat. The combustion reaction o SO»
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15 a highly exothermic proress . one kg of burned sulphur emits 2211 kcal.
Theoretically, combustion of sulphur 1n air will give a concentration of
502 in the gases of up to 21 per cent, and a considerable concentration
of sulphur vapour Practically, sulphur-vapour-free gases up to an SOa
concentration of 18 per cent can be obtained by using an extended com-
bustion surface and additional ceramic grates after-burners. The spectfic
heat loading of this assembly is obviously lower This kind of combustion
is used in the case of by-production of hquefied SO, by partial SOa
condensation out of cooled gases, where the remaining SO1-conlaining gases
are processed into sulphuric acid.

In conventional sulphuric acid plants, the sulphur combustion pro-
cess is operated so as to give an SO: concentration of 814 per cent.

in Poland there are two kinds of sulphur-burning installations - low
capacity and high capacity. In low capacity units (about 150,000 tons per
year of sulphuric acid) sulphur comgustion of up to 12--13 per cent
502 content is desirable. Gases of such concentration are further processed
by cooling down, beginning from the second converter shelf and by
direct air ilending; in this way ihe proper conversion of SO2 into $Os
is obtained.

In high capacity units (200,000—500,000 tons per year) sulphur com-
bustion of up to 9--10 per cent SO: content is preferable. A concentra-
tion of 10 per cent is mostly used.

Filtered sulphur is burned with dry air warmed to 250—260°C by
post-contact gases. A temperature of 1,740°C is then reached in the
furnace exhaust side. After the gases passing through the boiler have been
cooled down to 430—440°C, they may be fed over the first contact shelf.

In smaller units, a horizontal furnace which works at the same time
as boiler is used, its construction being such that in the axial part
of it, the combustion takes place, and the emitted heat is radially given
to the boiler elements forming the external walls. in large units, where the
furnace and boiler are separate, the fumace is used first,

In  sulphur combustion furnaces a specific heat load of
180,000—200,000 kcal/m2.h is obtained.

In newer models, with specially designed combustion chambers, a
specific heat load of 600,000 kcal/mth is reached. The combustion process
and its intensivity depend on the degree of sulphur atomizing and air
feeding ; the main furnace elements are the burner and the air-inlet
nozzle arrangement. Burning is started by means of fuel gas or oll.

In Poland there are horizontal and vertical sulphur furaces, the
former being preferred for construction reasons.

Boilers, which utilize the heat produced by sulphuric gases, are of
both designs, with natural and forcerr clrculation. Steam utilization condi-
tions for the boilers are : pressure, 20—40 ata ; temperature, 350—450°C.
Steam generation output varies between 1.1 and 1.0 tons of steam per
ton of sulphuric , depending on whether it is a single or double
contact unit. Boilers are fed with warm water, which passes first throu
an_economizer in which it is degased by warming up to 250°C, by
maans of hot contact exhaust-and-tower-in-coming gases. Circulating and
weter-foud pumps are driven either by electric motors, fed by two inde-
pondent sources, or by both electric and steam drives. Boiler flue gases,
which heve a temperature of 430—440°C, are not filtered in new instal
lations as the sulphur filtration is sufficient to keep them clean.

Contact. In a sulphuric acid single contact unit with a capacity of
10000 1015 per yzar five-shelf contact apperatus is used. The reaction

d»mhmmnmmamwmm
; by tw ; ghoes that have pemed three shelves
are covled by the intake o cold air
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In sulphuoc aad angie contact units o1 larger (apdOrities, reaction
gares atter pasang each chelt e cooled with salphur combustion ar
i heat exchangoes In thie (ase tour shell contadt apparatus s used,
together with threc ppe exchangers Conversion ratios and catalyst requi-
rtements reman on the previously cned Ievels On the tiest shelf  the
conversion atio teaches 6k 70 per cent . on the second it 18 20— 32
per cent

I dochle contact unds one jour shelt contadt and a number of heat
exchanuer e usedd The tirst conversion slage consists of three contact
shelves  1the second one s 1ommed by the fourth shelt The gases leaving
the tirst shelt attain o comversion ot 60 per cent . then they pass through
the st exchanger warming up the gases destined for the second stage
Gases pa sing the second shelt 1each o total conversion ratio ot 85 per
cent and arter the third shelt it becoms 92 2925 per cent Gases leaving
tach shelt wie cooled by tresh gases passing to the second stage, those
leaving the third sheli bemg addimionally (ooled by air taken in tor
sulphur hunving This helps to keep the temperature ot gases being guided
to the st absorption tower at the 200 C level. Gases leaving this tower
pass through heat  exchangers, where they are warmed up to 430°C
betare being gwded nto the second conversion stage. Aiter this stage
the total converaon o amounts to 99.8 per cent (In new designs
a total converson ratio ot 999 per cent i< expected)

Gases leaving the second stage pass through the economizer where
they are cooled down to 220 C while the boiler waier it being warmed
up to 260 C When they leave this stage, the gases enter the second
ahsorption tower. As 4 result ol this catalytic action. the intzke gases
over the respective shelves have the following temperatures :

Conversion ratio

Shelf Temperalure ('C) (percenicge)
| 430 440 60— 70
] 440450 85--88
i 430440 97--04
v 4% - 440 986-999

The catalyst requirement in a double-contact unit amounts to
180—200 1/t day. The satisfactory working period lasts over 10 years,
provided the layer on the first shelf is screened or reactivated every
2—5 years the length of time depending on the condition of the sulphur-
filtration assembly.

In Polish designed units, insulating brick-lined contact apparatus is
used. The elements in contact with SOz or SOs gases are made from
or covered with, aluminium. Shelf supports and plates are made of heat-
resisting cast iron ; screens are made of heat-resisting steel that is SO
and SOs proof. Specially designed systems for the distribution of the gas
over the shelves provide a uniform flow through the total contact-mass
surface, thus reaching high conversion ratios. The most difficult problem
is to keep the SOz concentration of effluent gases as low as 0.8 g SO/Nm?
of gas at the highest possible conversion ratios. Heat exchangers are alu-
minium sprayed, and the working period of the unit lasts as long as
350 days in a year. The economizer of a single-conversion unit is made
of brick-lined steel, and the pipes, which are finned, are of coated
cast iron. ,

In double-ronversion units the economizer may also be steel ; @
the SOs concentration in the second conversion is very smali, finned
pipes must be used to keep is dimensions wi proper limits. AR
equipment, ducts and pipings in contact units are externally insula od. The
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unit s started up iwarmed up) with the help of turnace heat The cara-
lyst may be 1ormed either by burning small quantiies of sulphur 1n the
furnace, or by teeding 100 per cent SO, 1o the hot air pumped into the
contact apparatus

Drying and absorption Air for the drying tower s ysually pumped
by the blower into the sulphur turnace, through the tower and heat
exchanger

In Polish designs, blowers are outside the drving tower This means
that steel hlowers can he used. which s a defimte advantage  Special ol
tilters, air filters, and damper for slencing nose above 85 dB, are
nstalled on the hlower The air from the tower exhaust contains less
than 0.1 g/Nm® moisture For ai- drying 94 96 per cent sulphuric acid
15 used. The towers are packed with ceramic rngs of 50 mm or 80 mm
in diameter  Demisters are installed on top of these to catch mist or
rain droplets. This lengthens the lite pericd of the exchanger Specially
designed units assure the proper distribution of sprayed acid. The bottom
part serves as a pump sump, while the suhmerged pumps are used for
curulating acid, spraying and coohng Aaid 1~ pumped through the exchan-
gers und the cast iron dnp coolers, which have recently been replaced
by acid-proot steel spiral coolers Air coolers are used in regions where
the water supply is low

The tower cvdle is fully automated for the production of a given
acid concentration.

The temprrature at the tower inlet is kept 2t 40--45'C. The absorp-
tion assembly of a single-contact unit consists either of an absorption
tower or an oleum towe: plus an absorption tower. For double contact
the assembly is enlarged by a second tower with circulation equipment.
The circulation cycle of the absorption tower is similar to that of the
drying tower with the exception tha the former has a more intensive
spray system, the acid concentration being 98.5—99.0) per cent and the
temperature 60—70°C. The absorption tower inlet gas temperature is
kept at 200—-220"C and a quenching intensity of 2036 m¥m2h is
maintained.

For oleum production, the same capaaity is possible, provided that
low air-humidity and a concentration less than 75 per cent of free SOs is
maintained. In Polish designs the production of 37 per cent fiee-SOs
oleum is pnssible. The cycle of the oleum tower, which is made of steel,
is identical to that of the absorption and drying towers. To keep the
oleum tower in proper working condition, it is by-passed on the gas side,
#s the first absorption tower is; thus, the absorption inlet gas tempe-
rature |s high, the absorption itself is very complete, and the 99.98 per
cent ratio guaranteed.

The demisters reduce the moisture content in the flue gases. The
$Os concentration in the tower exhaust gases is as low as 0.1 g/Nm?.
The acid and oleum produced are directed into the storage tanks and,
according 1o the concentration desired, are drained out, either from drying

mdéwbhconm,inhacmdnbwlmm.m
sbsorption and drying tower cycles are automatically coupled togsther 1o
Sive the required concentrations of the product.




whole unit 15 automated to a large degree, which automatically secures
the main working parameters. The following data are representative of
this unit -

132 kgiton M50 Sulphur consumphion

40 kWh/ton Ha50s tlectrical energy consumplion
30—40 m? ton HaS0. Cooling water consumplion
99.8--99.6 per (ent Conversion raho

Y9 98 per cent Absorption ratio

10 ton/*on HaSO« Steam generation

80— 120 kgion Hi80« Sleam consumption

3shift Crew

Sulphunic acid production based on anhydrite and phosphogypsum
Poland has anhydrite-based sulphuric acid plants with capacity of 70,000
tons per yvear The erection of new plants based on this raw material is
not planned, because of high capital costs, but conversion to phospho-
Rypsum base may be a reasonable alternative. Industrial tests have revealed
that cement of 350" quality and sulphuric acid may be produced in this
way The production process consists of four phases :

Raw material preparation

Calomanon of process mixtute

Sulphuric acid produchion (from  $0:-conlaining gases)
Chinker fabrication for cement

The raw materials are dried, grcund and finally made into a mix-
ture of phosphogypsum, coke, lime, sand and calcines. The most difficult
parts of this process are drying with simultaneous degasification and
removing the considerable quantities of fluorine. The calcination is carried
on in rotary rilns 70-—100 m long, the standard size in the cement industry.
Gas, oil or ccil-dust are burned to produce an inside temperature of
1,250 C. The exhaust SOz containing gases, after they have been de-dusted
in dry electroprecipitators, cooled and washed in quench towers and wet
precipitators and dried in a drying tower, constitute together with air an
502 concentration of 5.5—6.0 per cent, the base of sulphuric acid produc-
tion. A strict washing discipline must be observed in order to remove
tluorine, which is a contact-mass poison. The clinker is fabricated in the
same way as for cement. The following are data for the raw materials
consumption :

1.700 kg Phosphogypsum (recalculaled as 100 per cem calcium sulphate
Cas0q)
110 kg Coke (80 per cenl elemental carbon)
250—300 kg Lime, sand, pyrites calcines (recalculated on dry mass)
240 kWh Electric energy
50 m? Cooling water (20°C) al
k
360 kg Fuel oil (heaun. volume 9,000 -kT)

The installation can produce small quantities of 25 per cent oleum,
as well as sulphuric acid.

This process is unprofitable in times of low sulphur prices, but
itis interesting in terms of the utllization of wastes from future phosphoric
acid production.

Cement of 350" quality is characterized by the following :

After 3 days Aher ) days Afiar 28 Cops
Sending strength 23 40 «“
Compressive strength 138 s 3%

Before use, the phosphogypsum is washed on the final filter o
reduce its P20s content to 0.2-0.3 per cent. F wasly
waters are treated with lime and then filered. Discharge into the sewen
of water containing fluorine is forbidden in Poland.
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Sulphuric acid production on cake hase

Poland uses its large quantities of sulphur-refining wastes (cake) as
raw material for sulphuric acid production. The calcination process is
carried out in a fuidized-bed calciner with a bed surface loading of
10 ton/m3/day. The fluidized bed, which is made of 2—4 mm grain sand,
15 artiticial. Boiler pipe elements, protected against abrasion, are installed
inside the bed The calciner exhaust gases with a SO2 concentration of
13 per cent and temperature of 550 C pass through the boiler, where
they are cooled down to 400--450 C and further processed in normal
sulphuric acid units furnished with cooling and washing systems, wet elec-
trostatic precipitators, drying tower, blowers and contact and absorption
assemblies. A conversion ratio of 98 per cent is achieved in single contact
and one of 99.5 per cent in double contact.

The wash waters of the scrubbing system, after the SO2 has been
desorbed and neutralized, are fed into the sewage system.

The calcines, the wastes of the method, are used in agriculture as
lime fertilizers.

A very important element of this process is the proper collecting of
dust. Special, large, dry precipitators are installed to clean the gases to
the maximum possible degree before they are washed. These precipitators,
which work on 60 kV voltage must have 99 per cent efficiency, otherwise
great losses of SOz occur and the calcines represented in large amount
by the calcium carbonates become contaminated with SO: and SOs gases.

Sulphuric acid production on SO: containing gas bage

In 1 ~-ferrous metallurgy, particularly in copper smeiting, gases con-
taining 4—12 per cent SO:2 are produced. The composition of the gases
changes in the course of time, depending on the copper converter opera-
tion used. In Poland there are two large copper metallurgy plants. Each

would secure the most uniform gas concentration, but this is difficult to
achieve. Therefore, in order to prevent contact cooling or low conversion
ratio, additional sulphur-burning furnaces have been built, which stabilize
SOr content and keep SOz conversion ratios high.

The gas temperature during the converter working period fluctuates
between 1,200 and 330°C ; this is the cause of sulphuric acid condersation
in coolers and in the electrostatic precipitator. By means of sulphur, after
buming, the gas temperature is elevated, the corrosion possibility is dimi-
nished and the convension ratio reaches 96 per cent, which is satisfactory

sort of installation. The resulting SOs i




Export of sulphuric acid and means of transportation

I summer ime i Poland, sulphunc aad concentrated up to 98 per
cent s produced  inowinter. hecause ot low (emperatures and treezing
possibibiies 11 93 95 per cent Oleum ot grea punty (25— 35 per cent
0r 65 per cent of tree SO and a reagent ot special punity for analysis are
also steadily produced

Delvenes are made by the producers, as sulphuric aad plants have
their own railway transportation eaupment and cars. Very large quantities
are shipped by troin, or, as 1t s frequently the case now, by special ocean-
ROING tankers in 1971 aver 150000 tons ot sulphune aad, were exported.

Poland has a large surplus of sulphuric acid, and in case of urgency,
D000 300000 tens per vear may be exported. In the harbours, bases
tor loading tankers up to 10000 DWT have been exiended and storage
parks and ather necessan equipment make 1t possihle to load or discharge
rapndly

However. sulphunc acid s difticult 1o transport because of 1ts corrosive
character 1t s much more economical and practical to transport the raw
material. e sulphur. as only one ton ot this 1s needed to produce three
tons ot aud  Transportation ot acid 1s recommended only if the receiver
wants o avod troubles connected with the flue gases (although the SO2
quantiies in these cases are very small), to avoid poisoning sewage, or in
the case ot break-downs

Oleum export 1< of httle significance as there is only small demand
tor 1t nevertheless, the necessary quantities may he delivered in railway
cars or steel cortainers,

Econamics oi sulphuric acd production The erection of a sulphuric
acid umit requires considerable capital, the amount depending mainly on
the kind of raw matenal to be used. Costs of an unit comprised within
“battery limits” on a base of sulphur, pyrites, or calcium sulphates (anhy-
dnite. gypsum) the world’s main raw materials — are approximately in the
proportion of 1.39. When, anhydrite or gypsum are used, clinker (cement)
15 alko produced, which is reflected in the capital and operating costs

Erection costs of SOa-cortaining gas base units are not taken into
account, as generallv speaking these are only used when it is necessary
to avod air-pollution, and their cost is higher than pyrite-based units.

The most economic, therefore, is the sulphur-based unit. The actual
cost of unit of this kind, with a capacity of about 300,000 tons per
year double conversion and ahsorption, within “battery limits”, amounts
to $ 4 million whereas a pyrite-based unit with the same capacity and
adequate “battery limits” would cost some $ 13 million. The total cost
15, of course, much greater when energy, transport, administration and
other costs are taken into account. Capital requirements and capacity
will depend ~n lncal needs, as the sulphuric acid units as a rule comprise
part of l2.ger plants ~r are integrated in factories, where the acid serves
as a serr.product to fina! product fabrication.

Operating costs vav greatly, those of sulphur-based units being the
lowest. n large units, as a rule, direct operating costs are approximately
covered 1y income from steam generation as the sulphur combustion heat
ts utilizea Accordingly, 11 these units operating costs are defined as swl-
phur prepa ation costs :nd indirect costs as amoitization,
lock-up, anu over-all uni, plant or factory costs. As all other bases
much highe fabricatior costs their raw material prices must be much
lower than he price <.t elemental sulphur if they are to be competitive,
hence the tendency of pyrites sulphuric acid producers 1o keep pyrite
prices dow n. For example, in 1971 the cost of 48 per cent S py:ites (f.0.b.
export h:cbours), was § 9—10 per ton, i.e. § 19—21 per S, wherees
importe 4 sulphur_prices in Europe ranged from § 23—26 per ton, depend-
ing or location. Tg\n, to be competitive, pyrite prices should be
$ 7—3 per ton, which is i in view of the higher mining and
separa ion costs and steadily falling sulphwr prices.
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Many pyates sulphanc acid plants have already been converted to
sulphur base. and 1t would seem obvious that many more will follow suit.

Newly built sulphuric aaid plants will be hased mainly on sulphur
and only countries possessing very cheap pynte supplies will be interested
m pynte plant development. Prices ot sulphuric aad dehvered by train
range frorm ¥ 20- 30 per ton and show a tendency (o drop, because of
the steady dropping ot sulphur prices and the utilizanon ot larger means
of transport such as tankers. The (ost of transporting raw material plays
2 considerable role in the econuraics ot sulphunc aad production, which
depends mainly on the specitic quantity ot the raw material needed to pro-
d e one ton ot aad. In sulphur-based production, 332 340 kg of raw ma-
ter al 1s sutticient to produce ore ton ot acid. Thus, suiphur-based plants
need not to be located near sulphur sources, as the weight of the transpor-
ted raw matenal is only one third that ot the product itselt. In the case ot
pyrites, the total weight ot the raw matenal 1s up to 75—80 per cent
that ot the acid produced and may equal 1t it low-grade pyrites are used.
Sulphur —- or pynite-based plants are generally located near the consump-
tion centres, which are usually the components of large phosphates plants.
Anhydrite -- or gypsum-based fabrication presents a different situation.
In this case consumption of raw material amounts to 1.8—2.0 ton/ton of acid
produced ; additional large quantities of sand, lime, pyrites, calcines and
other materials amount t©0 0.25 ton/ton and, together with fuel -—
0.4 ton/ton — bring the total weight of materials to 2.5—-26 times that
of the acid produced.

Although they produce a great quantity of cement, the location of
these plants does not depend on the demand for cement but on the
sources of anhydrite or phosphogypsun:.

Unit capacity is another factor in the economics of sulphuric acid.
The larger the producing unit, the lower are the operating costs and conse-
quently, the lower the prime costs. The optimal unit capacity is expected
to be high. The la.gost units may be erected only on a sulphur base, where
the highest SO concentrations are available in the combustion process and
the necessary oxygen concentration is of such degree that the conversion
ratio reaches 999 per cent. Some acid plants nowadays have a capacity
as high as 700,000 tons per year, which brings the prime cost down to less
thain 10 $/ton. Foreign trade, an important factor in the development of
sulphuric acid production, shows a tendency to increase, though its present
share in total world consumption is only 12—1.6 per cent. An inCrease in

foreign trade is foreseen for the coming years for the following main
reasons

a) Production costs vary greatly. in the case of non-ferrous metallurgy
the acid is ~nly the by-product and manufacturers may fix its price very
low ; other producers may compete by using very cheap raw materials or
large production units.

b) Transportation costs are inversely proportional to the trade increass
] -distance ing is profitable, the receivers cre not obliged to
start r own . Under certain conditions, these factors may
Nmmincmhmdumﬁmthmlhdwﬁopnmofpmdmim.




At present  the import o sgqupment  trom  Western countrie s
contined 1o several tvpes of control instruments and ftings  Of . ourse.
pecal equipment ma. be mpone’ 1o comply with the wish ot a
chent or wher dehvery penods ar lumited  Polish  (atalyst produc ion
being inwuit crent to the demand created by the newly erected umits 1t
rehes an omports rom the German Democratic Republic  or  Western
turope

In veder toomanta s strong posihon in sulphune aod . chnology,
Poiand has established a research ins tute design  otfice, experimental
hase and executing torces and bought lwences tor the production of
spec l equipment  Linder the gudance ot the Study. Design and Execu-
g Cice  Biprokwas  in Ghwice and with the aid of the Inorganic
Chemistiy Institute  over all progress has been m 'de

As 4 result ot this technology developed in Poland with the (o-ope-
ration of specialized tums abroad  battery hmits” suolphunc acid  plants
with capdcity ot SO0000 tons per vear besed 00 pyntes feedstock have
been delivered 1o chents i other ccuntnes under  “turn-key”’  cont.act
hasis (e o1 these plants was exporied to the Federal Republic of
Germany ander such condihions,




SUMMARY Of THE REPORT ON THE CHEMICAL FERTILIZER
PRODUCTION AND CONSUMPTION IN ALBANIA, BULGARIA,
CYPRUS, CZECHOSLOYAKIA, GREECE, HUNGARY, MALTA,
POLAND, ROMANIA, SPAIN, TURKEY AND YUGOSLAVIA

Nicolde Popovic *)
Aniyoara Manciulescu *)
Ana Pirscoveanu Apostohide *)

A prehiminary rsearch ot the (hemical tertihizer protide on Ine
whole, in the countries that are the analv < putpuse of this survey, has
indicated that. generaliv. there s an important base for developing the
cmsumption and the -ertihizer output in these (ountries

Und o these conaitions, the chemical fertilizer stae in the (ountries
under research was presented in point ot the two main features. consump-
ton and output,

The paper has threse chapters.

Chapter I. As ior the chemical fertilizer consumption, there are analy-
1ed aspects regarding the present consumptions, provisions, knowledge
degree, etc

Chapter W. in pGint of fertilizer output, there are presented the
present state and trends as regards the raw matenal base. processes,
fertihzer grades, developing conditions, etc

WM. Trends regarding the chemical fertilizers in the countries
under research, as compared to the general trends at a world scale -
there is pomnted out the way the most advanced trends ail over the world
are reflected in the specific development of each country

L] »
-

We mention that the report has been worked out on the basis of the
data and publications ir the branch literature, 10 the extent they have
been available 10 us. Under such circumstances it is possible that the data
shown herein should contsin some lacks or should reflect only partially
e stale in a certain country. In this respect, we kindly ask the repre-
sentatives of the countries under research 10 excuse the possible omissions
;ﬁ & contribute, a3 much as possible, to the completion or accuracy

The busic report represents a detailed analysis of the chemical
fertifizer problem, in the twelve countries under research.

The summery presemts very briefly only the main problems dealt with.

hmmmcwammmdu

, e notations in the paper, for t of chapters, tables and

indications are maintained.




Chaptor |

CrEMUC AL FERTILIZER CONSUMPTION

|1 Fertilizer comsumption ot the lavel of 19701971

The ferilizer consumption 1n a country depends on several factors,
among which the most important are the soil and c(limate conditions,
the sort of cultures  demographic conditions, et

in the specialized statisnics, the tertilizer consumption s presented
as related to the agncultural soils or 10 the inhabitant number

Table t presents the chemical tertihzer consumption in thousands of
tons ot NPhoactive substance at the level of the agncultural year 1970/1971,
related 10 arable sonl, pastures and totally cultivated land

115 possible to group the countries under consideration on the basis
ol the values in table 1. in the classitication proposed by UNIDO (1.

)| 2 Fertilizer comumption expresesd in NP relile

Under the present developing conditions, the threc unanimously
accepted main nutritive elements are  nitrogen, phosphorus, potassium.

At present. as well as in the future there is 3 more striking prefe-
rence for the nitrogen element, in the developing countries | there is also
an obvious 1rend towards a higher consumption of phosphorus, than of
potassium.

Table 4 shows the NPK ratio through 19681970 included in the
countnes under study

Analysing the values shown in table 4, the following features can
be underlined

- in all the countries that are the subject of this survey — except
Cyprus — the nitrogen element is the main one ;

~— in Albania, Bulgaria, Cyprus, Greece, Romania and Turkey, the
potassium element 1s by far less used than phosphorus (10 to 20%) ;

— the potassium consumption in Czechosiovakie and Poland is 50%
higher thar the phosphorus one ;

— in Hungary and Yugoslavia the potasium consumption represents
B0—90 per cent out of the phosphorus one, and In Spain it is of about
50 per cent out of the phosphorus comsumegtion ;

it is foreseen that the valve of the ratio NPX, dependent on the
pedo-climatic conditions in each country, will change its structure in the
future, by means of increasing the participation of potassium, whose
importance is generally less known by the agricuitural customen [21.

Concluding this subchapter, we mention anly thet the .
of a fourth fertilizing macro-element, that is siphwr, shall not be diwe-

garded since it seems to he necessary for plents, in equel quantitin,
those of potassium 3, 4],

il
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Yable I Classification acording to the lertitizer (onsumption (NPI) in hgha
of (uitivated land

arabie - pastures - hoyvheldh

hg ha Countries under study ~
23 Turkey
5 0 %0 Albana, Greece, Romania Sean,
Yugosisvia
50 o 1N ( vprus
100 w© 150 Buigana, Hungary Poland
150 to XM Crechosiovakia
> 200

Table i Classification according to the fertifizer ¢ noumplion (NPX)
in kg/he of srabie land

,EL"! Countries .;nd.r'sluq’
<5 fvery iow Turkey
I3 10 % ilow)
A0 o 100 imoderate! Cvprus. CGreece, Romamia Spam,
Yugosiavia
WO to 200 igh Albaria, Bulgara, Hungery, Poland
> 100 ivery hugh Crechoslovak e
Table 4. Ratio betweon fertliising slowments, in the ieriifiner concumption *)
Countries under Ferizer comumption C 10001 ... 2
study Year N POy K0 Totst N ’ X
1 Albania 1968 19 9 2 30 21 1 0n
1969 32 ! ] 2 52 178 1 on
1970 36 20 2 ] 180 1 010
2 Buigaria 1968 [ % w7 40 774 1.00 1 an
1969 430 25¢. 27 71 168 1 on
1970 500 60 % 8% 1.92 1 (i3]
3 Cyprus 1968 0 12 2 214 [i X} ] 1 a7
1969 1 n 2 24 1.00 1 (%]
970 12 12 2 26 1.0 1 (31
4. Crechoslovakia 1968 02 110 %3 1,078 a9 1 1.4
1969 400 2 476 1,108 128 1 153
1970 419 130 S14 1,283 1.20 1 1.4
5 Greece 1968 182 16 7 N1 1 e
1969 195 128 18 m 1% 37
1970 m 119 18 33 168 1 14
6. Hungary 1968 299 158 128 ] 1.08: 1: e
1969 346 181 167 o 19 1 o
1970 472 180 14 7% 162 1: 0.74
7. Maha No avaidable dets
8 Poland 1968 680 540 7%0 1,010 1l 1: 1.4
1969 788 L, ] 1,096 1,4% 1.32: 1: 1.4
1970 850 650 1.27% 1,760 1M 1: 198
9 Romania 19%8 1% 140 “ ool 136 : 1: 0
199 %0 1 19 X 207 : I [ 33)
1970 367 . 2] r "4 1.8 1: an
10. Spain 1968 S64 ko4 12 1008 153: 1 oM
1969 817 423 124 1.2¢4 146 - 1: 1% 1)
1970 $74 430 %0 1,264 133 1 on
1. Turkey 1968 176 12 » %4 0w . 1: -} ] i
1969 168 ne ¥4 40 079 i [3%) :
1970 08 170 » 433 144 : 1 en #
12. Yugoslavia 1968 e 15 w L 4 1.38: 1: 08
1969 » 1 1w M 3, 1: oM
1970 L. 175 & 183  1: A
‘) Worked out on The Britieh Sulphwr Supplomart, no. 4, Nev. g

|
;
I
J

Seatistical
1971, pp. 10, 12, 14, except K. 9, Remenia, hased on
pp. 328229




3 feriilieer comsumption, heving in view the peviod 1971— 1980

As well as all over the world in the studied (ounines there (an he
noticed o steady iIncrease ot tertilizer consumMption  as shown 0 tabre 5

The increase 15 greater in the countries where no high consumption
has been attained a5 evaiuated hyv international organizations at the level
of 100 200 AS /ha (1! Buigaria, Czehoslovakia Hungary Poland Romania
and Span could be quoted 1 this respet (table #)

Countries under  “rale Lomumption A5 1000 ‘ ‘m\u‘:‘:’:\::m " :;;r;‘:w::;y
study H’;;»“Eu 1904 1909 1970 1968 10 1968 1970
- 1»;’”1 o 2 o !Hw 4 6 o 8 9
1 Adrenia “ L 52 58 3R] NaY 1ty 19
2 Dulgaria 458 774 71y 788 1706 174 W 102
1 Cyprus 434 24 4 » 58 4 W9 W0 W8
4 Crecheviovekia 3,412 1073 1188 1.283 198.6 271 1" 19
3 Gresce 3702 s i} im 851 9 3 107 t07
6 Mungar 3,622 w3 4 786 1037 198 e 138
7. Malg no avalable data
§ Polend 16,008 2,010 24 1.700 1291 168 0 120 134
9 Romenia 7% e L% ] 4 -’ 610 111 123
10. Spaen 7% 1,088 1,204 1264 528 610 15 11§
11. Turhey 13,348 4 4“9 435 151 172 07 113
12 Yugoelevia 8383 347 347 78 €54  ®11 100 124
*) Out-worked col 2 in table |, col }

il 3, 4 and 5 in The Britsh Sulphur Corp. Li¢ Statistical Suppie.
ment no. 4, p. 18, 12, 14 excopt 1 9 - Romana according
to Statistas abeut Romania, 1971 p 328--329




Table 6 Provisiom for the AS. fortilizer consumption *)

thh!w umn:mp’mn K‘ l‘ ha

) . Arabie — S
CRIWAAY RN 25
area Year .
e o SN0 ha LTI cultiv ated atabte ":’“":‘:'
' 7 . e 5 ; -
Hoigar g 4518 1970 “86 T8 3§ 1742 -
1975 M7
1980 147
1990 9
F e choNion gh g » 41! 1970 183 177y 2137 -
1975 . 229
19w 252
1990 , %
t Husgan 560! 1970 . 11 1998 o
1975 . 217
1980 ) 95
1990 L L Y4
4 Poland 1h (69 1970 2700 T3 168 0 —_
1975 , 200
198¢) . . 7S
1990 . . . 1)
© Romana 9744 1979 594 99 61.0 —
1975 245 , Nn73 e
b Span 20 7oy 1970 1264 .0 610 —
1975 1.560 752 —

Taken trom  col 2 n able 1 (ol 1
vedr 1970, un table 1, cof 8
arvd col b on table 1. col 9 and 10

col Buigaria, Crechoslovakia, Poland. Hungary — in “Chemical Age”,
no 341010 1971

ol 4 Ro ramia 1975, taken trom the  Llaw tor undertaking the Five
veu plan ot economu and sotial  development in Romania,
through 1971 19757 Polktical Publishing MHouse. Bucharest,

col
col

4k

p 14
‘ol 4 Spem. 1975 — n Chemische  Industrie  International”, no. 2,
197). p 48
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Chapter I

FERTILIZER PRODUCTION

I 1. General indormation

As for most ot the couniries under consideration, the ever-increa-
<ing fertilizer demands have determined the investment policy in the fer-
tilizer industry.

An analysis of the relation between production and consumption,
through 1968---1971, points out the following aspects (table 7).

_ all the analyzed countries except Cyprus and Malta are fertilizer
manufacturers . some of them have positive differences between produc-
tion and consumption at the level of 1970/1971, differences which were
meant for export.

—— the greatest fertilizer shortage is to be found in Turkey which is
the greatest chemical fertilizer importer.

— all the countries except Spain, are importing potash salts and
phosphorus raw materials.

It is to be mentioned that the image resulting from the figures
shown in table 7 has a limited value as regards the period 1968—1971
included ; during the very next years, the production development in most
of the countries under consideration, is characterized by sensible increases,
which modify the state shown in table 7.

13 s.«mcammunnmmm

in the basic paper, within the available information, there has been
done a thorough analysis of the fertilizer output state, in the countries
under study.

This survey is presenting very briefly only some aspects, characteristic
of each country.

11.2.1. Albania

Albania has a nitrogen fertilizer industry, at Fieri (1], as well & an
ammonia and ammonium nitrate one. in the present five-year ,
there are provisions for a super-phosphate plant at Laci (2], as well o
new nitrogen and phosphorus fertilizer plants [3].

m:mummmmmunmnimmnm
output can cover the Inside chemical fertizer consumption.

11.2.2. Bulgaria

Bulgaria is a mainly nitrogen fertilizer producer vsing as Taw male-
rials natural gas from i supplies and f

The nitrogen fertilizer output In has been directed, Inisielly,
towards ammonium nitrate of high concentrstion, and only leter an

iuwhmh«bunp&ldtohun‘ww;m.wmh”
to complex fertilizers.
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Bulgara s importing phosphate rock aid potash ~alis 7 1o produce
NP K tertihzers, Bulgaria has made use o1 miti P1OCesSs

The main industiel combinaies, 1o Chemin al terihizer production,
are at Dinitrovgrad, Stara /agora, Viata, and one ot the most large and
up-io-date 15 planned t, be made dunng the 6th developing planming,
at Povelvanovo 5]

The existence and the ensunng ot a raw material potental, and the
great development ol the 1ertilizer ndustry i Bulgana enable the estima-
hon that thete  are proper conditinns 160r both covering the nternal
wonsumption predicted 4t the level o 1980 and maintaning the state of
a chemical tertilizer exporter.

W23 Cyprus

Cyprus 15 interesting 10 poud o1 the Chemical tertilizer industry, on
tne basis o1 pyrite rocks  fhe turopean market unports large quanhties
ol pynte from Cyprus (8

Considering that the totel maximum consumption ot fertihizers that
can be reached by Cyprus 1s of about 100,000 AS per year and consi-
dering the increase output <ost ot the fertilizer plants, depending on
their capacity decrease, the achievement ot a Cyprus national production
seems reasonable only when natural pynite supplies are to be highly and
competitively recovered.

Cyprus favourable position, as related to the main fertilizer madrkets,
could yield a series of favourable solutions.

11.2.4. Czechoslovakia

According to the specialized statistics, the fertilizer output in Cze-
choslovakia, and especially the nit fertlizers, are through 1955— 1970,
ont’nmydﬂnbaﬂcch«wgenpfodoﬂ!m:rnpoimofiﬂcrnu
dynamics

The nitrogen fertilizer output s partially achieved on the basis
of the native raw materials, lignite, (there is a tendency of being re-placed,
with .rmmchcmical producis} refinery products and partislly, imporied
natwal gas (91, As for the compiex fertilizer output. Czechoslovakia has
to import natural phosphates, potash and sulphur salts, or intermediate
products, i.e. phosphoric acid and ammonium monc-phosphate (10, 111.

&mmdmm,mmusmwmtm
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O e abole at the level or 1970 1971 1 o to he seen thal
Consumpl e Whout equal 1o the oulput  at the same ame taking
place a tore an trade action ot tertiirzer rmpoc and export

The presert pconomicai development conditions m (reece enables
the prediciment of an ancredse ol consumption A the tertiizer
output, i the ceas future hoth in point of the dlassical grades  (super-
phosphate ammon.am nitrateras well av complex tertilizers

26 reangary

In contrast with the previous period the present and the tuture
slage dare (haracterized by an imporiant development ol the tertihizer
industry i Hungdry

The raw matetals used 1o the nitrogen tertilizer industry were
hgnite  and  voke  oven:  RasSes i 1964, when they passed 1o
the natural  Hds

The phosphoric rock 133 and the potash sdaits are imported

The mitrogen industry ot Hungary was centered on calaum ammo-
mum mitrate and only dunng the more recent period ured was ntro-
luced in the produchion protile

Ay well unni recently the phosphorus teriilizer industry was domi-
nated by ardman, superphosphate produchon

The general tendency 10 produce complex and concentrated fert-
hzers was adopred and developed now on a large scale 1in Hungary
too 155, 50 H8 H9 6Ul

B was adopred the nitic process 1o desintegrate the phosphatic
‘U(k H41

Among the mpaortant chemical tertihzer complexes we mention
kazinbarctka  Varpalata  Tiszapalkonva,  Peremarton, Sioinok, Buda-
pest, et

The special development. in the last penod, of the fertilizer produc-
non in Hungary will enable to cover the internal consumption (without
an important avalable guantity tor export)

As a result, Hungary will no longer be a commodity market for
the great tertihzer producers

127 Poland

The c(hemical tertihizer industry in Poland has many years of expe-
nence, producing a large range of grades even before the second
world war

The raw material tor the ammonia production is natural gas, coke
gases or c(oke iwith the tendency o be replaced, up to 1978, by
natural  gas)

The phosphatc fertilizer producticn is based on imported phos-
phatic rock

The sulphuric acid output 18 based on sulphur from native supplies.

the potassium fertiizers are based on imported potasium saMs.

Nowadays, the fertilizer industry of Poland producds . ammoOnRm
nitrate, calcium ammonium nitrate, urea, calcium nitrate, calcium cyana-
mide, ammonmium sulphate, ammoniac waters, ordinary superphosphsie,
calcined phosphate, ammonium phosphate, phosphatic rock concentrate.

in the future, the fertilizer production in Poland will extend W
cover concentrated fertilizers and to fertilizers with many components [25].

it is to be mentioned the i rance given in Poland to siudies
regarding the production and use fertiizers comtaining micro-elements
and liquid fertilizers.

Among the important industrial complexes are those st Pulawy (28,
Gdansk, Police, etc.

Poland is an important producer of chemical fertifizers although
the use of fertilizers is intensive, in Polend it still remains an excess of
production for export.

&4




H28 Romania

Staring with 1955, the tertihzer production in Romaria s cjarac
terized by a coniinuous increase

This industrial branch became important within economy in Roma
mMa only ifter 1960 when the development has heen really substantial

Ro wa has important natural gas deposits, 1act that allowed for
the development ot a strong nitrogen tertibzer industry |34}

The phosphauc rock and the potash salts are imported

Nowadays, the tertilizer indusiry in Romania produces . ammonium
mtrate and calcium ammonium  mitrate, urea, ordinary superphosphate,
triple superphosphate. complex fertil zers

Among the most charactensuc aspects of Romanian's tertilizes pro-
duction development, theie are 127. 28, 29|

— the extension of concentrated feitihizer, urea and tnple super-
phosphate produchon |

the extension of complex fernlizer production |

- the productior ot phosphatic fertilizers in grades that ensure a
maximum phosphorus solubility 10 water |

—~ the improvement of fertilizer physical qualities, in order to obtain
products with as smail a caking tendency as possible

The hmited available amounts of sulphur raw matenals and the
parallel development of the nitrogen fertilizer industry have determined,
lately, the passage from phosphatic rock attack by sulphuric acid to the
nitric process [30, 31, 32 13|

Important chemical fertihizer industrial complexes in operation are
at Fighrag, Piatra-Neami, Craiova, Tirgu Mures, Turnu Migurele, Nivo-
dari, Valea Ciluglireascd and in course of building at Slobozia and in Arad.

The future development of chemical fertilizer production has in view
not only to ensure the internal requirements, but also to create some
nitrogen fertilizer available amounts tor export.

As for the fertilizer quality, special care is given to varying the
fertilizers and microetement fertilizer production.

11.29. Spain

The fertilizer industry development in Spain is characterized by large
resources of phosphatic rock [40, 41, 42] as well as of important internal
reserves of pyrite [43, 44, 45, 46] and potessium [47].

Lignite and naphtha [36] are used to produce ammonia ‘with the
tendency v be replaced by hydrocarbons).

The systematic exploitation of the pyrite mines at Huelva has created
fevoursble conditions for complete and integrated phosphorus fertilizer
industry. In this respect the sensible increase of phosphoric and sulphuric
acid is 10 be mentioned.

In Spain a varied range ot fertilizers is produced : ammonium sul-
phate, ammoniiun nitrate, urea, calcium cyanamide, ordinary superphos-
phete, triple superphosphate, ammonium phosphate, dicalcium phosphate,
complex mined and liquid fertilizers.

The tendency for concentrated, complex and liquid fertilizers is also
noticed in the qualitative development of fertilizer production in Spain.

Among the analyzed countries, Spain is the only one which has
salt ores, ing grest quantities in meny countries of
, Africa, America 48]




B ks o oaotnoed 1 deseloping achion o) the nanve chermical
erteicg e oosdue tean e dder o decrease  ihe  amport which  w now

voreaniy due e the 1act that the producton i not increase |t the
waner aler s he D ansamprbaon
Cine o1 the amportant poobiems which condion the mit.ogen  ter
Cieer ondusty developmeat o Larkey e the dependance ol ammanig on
ot noothe tutore The anumediig prodduction an Tu:ney v toresper 3]

He hasetd o peliobemacal caa matenals af bz and Cembie 5

Tookes bas sulpbag caw matenaly, which enghled the development
G cutpbeod aod producenon A Ak

The phosphate reck o impoerted

The chemuoal entizec grades prodoeced in Tutkey  at present are
Aammeram sulphate salcium ammanium nirate ordinary superphesphate
Fopre caperphospioace  diammonim phosphate

(AR IR RN TN

Alter 1966 the terlinzer industry 11 Yugosiavia has registered a sub
g tial development 220 The raw matenals used tor the anwnonia output
sre  coal with 1 tendency (o he replaced by petrochemical productsy,
natural gases coke gases petroleum retinery products

bor phosphorus  tertilizers. imported  phosphaie rocks are used ,
v wadavs  there are phosphatic rock prospections, ioreseeing  the partial
conenng ol phosphatic reck need. on the basis ot indigenous  sources

The poiassium tertilizers are entirely made by means o, potash «alt
IANTRIRZS

The sulphuri acd tabnaation s based on wasle gases from non-
terrons metallurgy and o natve sulphur raw matenals

Yugoshivia s terblizer outpul imitialty hased on calOum  ammonium
mitrate and ordinary superphosphate s continuing it development, on
the basis Ol concentrated terthzers, urea, and taple superphosphate and
omptex testihizers

To produce v P K tettiizers two processes are used, attack (desin-
iegration: hy sulphunc aid and mitng desintegration as well.

Amoung the modern indusinal “omplexes, he Kutina Combinate s
mentioned 24!

Atter 1971, together with the achievement of the new industrial
units, as planned. the teitihzer balance wil become positive and Yugos-
lavia will come to be a terthizer exporter, instead of an ymporter, as it
was hetore 1966

In the future it 15 estiv sted that the iertilizer production will cover
the whole inteinal consumption at ihe level of 1975 while the further
development of the fertilizer production will be achieved only in keeping
with agriculture demands 122, 231
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Chapter M

TENDENCIES REGARDING  CHEMICAL FERTILIZERS IN THE COUNTRIES
UNDER STLOY AS COMPARED TO OVERALL WORLD TENDENCIES

The state ot iertilizers consumption and production in the coun-
tries this report deals with, 1n most cases retlects the apolication of the
most advanced tendencies at a world scale to each country particular
conditions

These countries possess of get from outside the raw materials requi-
red tor chemical tertihizer industry

Except Cyprus and Malta, that have not yet a chemical tertilizer
industry o their own, all these countries we studied have
strong fertilizer industnes based on inner or imported raw materials
and intermediate products, m;ludm? large size plants, based on advanced
processes trom a technical point of view.

The latest achievements introduced in the manufacturing processes
al o world scale have been obtaned by most of the mentior COUNtries.

Thus, large ammoma plants of 600-—1000 tons per day, with a
single production hne, provided with steam drive centrifugal compressors,
minimum  electrical power consumption and thermal power generators
are under construction or n operation in countries such as . Buigaria,
Crechosiovakia, Hungary, Poland, Romania and Spain.

Modern urea large sized plants, with total circulation, based both
on conventional urea manufacturing processes and on modern “stripping’-
type processes are under consiruction or in_operation n : Bulgaria, Cze-
choslovakia, Hungary, Poland, Romania and Spain. Nitric acid, ammonium
nmitrate, sulphuric acid. phosphoric acid, ammonium phosphates, nitrog::)t-
phates etc. process plants are also characterized by large sizes, being
hased on equipments and process among the rnost up-to-date ones.

The modernizing of the manufacturing processes and the growth of
production lines capacity enable the use of computers to operate the
chemical fertilizer plants to increase the efficiency.

The efficiency of such large-sized units based on up-to-date processes
is embodied by the production cost decrease of final products and
intfermediate producte.

These industrial complexes achievement enabled the manuf
of new modern fertilizer grades and — at the same time — coniriouea
to the wconomical national system consolidation in the respective
countries.

The problem of pollution, much debated at international level lately,
also constitutes a steady preoccupation for the analysed countries, having
an advanced fertilizer industry.

We quote Czechosiovakia's and Romania’s processes for sulphwr
dioxide recovery in the waste gases that, besides W
effect, also obtains the sulphur dioxide recovery with «e-

nomical results {4].

centrated fertilizers and the importance of a correct ratio between the
three basic nutrients : nitrogen, phosphorus, potassium.
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in this respect, the tertihizer industries 0 mosi o1 the analysed coun-
tries record qualitative transformaticms, thus the producton of high grade
concentrated and ~sypiex fertilizers acquining a particular value

As regards hquid fertilizers, we can conclude that their use 15 <0
tar resincted in the analysed countries, both 1o radicle and extraradicle
nuintion.

The advantages of the hquid fertiizers (the possibility ot accurate
umiform fertlizer spreading the possibihty ot mtroducing them intg the
Irngation water, the absence ot caking and dusting. and of mixed fer-
tihzer segregation, lower costs for their storage and handling than for
sohds, the possibility of mixing them with insecticides and herbicides)
piead ior the expansion of their use Czechoslovakia, Poiand, Spain and
Yugoslavia are particularly preoccupied by the use of hiquid tertihzers

.
» *

From the aspects analysed herein, we come to the conclusion that
the countries this report refers to, are in full developing quantitative
and qualitative progress 1n the fertilizer production and consumption
evolution.

We appreciate that the moment chosen for working out this analysis
15 one of the most acute in the fertilizer history of these countries.

it s 10 underline the iact that the experience of the countrie. with
strong industries and intensive use of chemical fertilizers is weli-known,
atd the resuits thus obtained are applied in many of the ccuntries
under study

Countries that developed more recently the fertilizer industry have
overlooked the stages of looking for efficient technical solutions, enjoying
the most lo-date progress reached by advanced countries in the pro-
duction and the use of fertilizer.

The concentration of production in large industrial compiexes, the
efficient tramsport of raw materials, intermediate products and final pro-
ducts, yield the premises for stimulating and developing the inter-countries
co-operation.

In the future, one can foresee technical progresses in the fertilizer
industry, that should lead to the continuous decrease of investments and

costs and that should enable the production of such grades
that meet to the greatest extent the plant nutrition requirements.
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ACTIVITIES OF THE FOOD AND AGRICULTURE ORGANIZATION
OF THE UNITED NATIONS IN THE DEVELOPMENT
OF THE USE OF FERTILIZERS

W Hauck*)

Withia the orgamizational tiamework of the Food and Agnculture
Organization ot the Umited Nations, the land and \Vater Development
Division, as a part of the Agriculture Department, 1 responsible  not
only tor work in water resources and use but also for sol surveys and
related telds tncluding the Soit Map of the World) and for all aspects
ot soil development, soil cansevaton and the use ot fertihzers. Maore
spectically the Division, in co-operation with other Divisions (Plant Pro-
duchon and Protechon Dmvsior, Economic  Analysis  Division.  Statistics
Division, Rural Instiiutions Division, etc  assists States members of Food
and Agriculture Organmization in

4l Promoting the use of tertil.zers through soil appraisal and fertility
programmes, to determine application rates and other cultural require-
ments for particular crops and kinds of soils, aming not only at higher
yields but also at optimum economic returns and farm profit ;

bl Asessing the needs member States tor fertlizers and analysing
iwith UNIDO as appropriate) problems of supphes and production on a
global, reg:onal and country basis.

The rapid developments in the use of fertihzers have led and are
leading to local fertilizer production facilities in the more advanced and
larger developing countries. Already at an early stage, FAO and UNIDO
have found it essential to co-ordinate activities dealing with the develop-
ment of fertilizers. FAQ dealing with the problems of the use anvi supply
of ferulizers and UNIDO with the production of fertilizers and connected
fields The logical interrelation between the two activities led to the
agreement between FAO and UNIDO in 1969 on the co-ordination and
synchronization of activities of mutual interest. Experience has shown tht
thss co-operation can lead to developments that help to avoid mistakes
and that are in the interest of the countries concerned. Some fertilizer
projects in which UNIDO co-operates with FAO have been or are being
carried out or are planned for the foreseeble future, for example a
project in Pakistan carried out with the assistance of the United Nations
Development Programme entitled “Pre-investment Studies for the Pro-
matinn nf Fortilizar  and Petrochamical Industrise” and the nilotnlant
project in Togo.

Regular consultations on the policy and the technical level have
led to a mutual approach to the problems of the development of ferti-
lizers and to a better understanding on both sides, thus inproving the
quality of the assistance to the countries.

Both organizations are also co-operating in conferences and meetings
of different types ; as for instance, at the Second Interregionsl Fertilizer
Symposium held at Kiev and New Delhi in September — October 1971.
The co-operation has also led to joint field missions relating to pre-invest-
ment studies on the use and production of fertilizers, which provide the

* Senior Officer, Soil Development and Conservation, Food and Agriculine Crgamd
zation of the United Nations.
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coun‘nies and the organizations with the necessary miormanon to enable
them o take decisions on the production ot tertilizers

The joint UNHDO/EAQ/IBRD Working Group on  fertihizer Develop-
ment Planning, a follow-up activity trom the Kiev New -Delht Symposium.
has already established the reputation of approaching tertilizer develop-
ment problems in a most realisic way  The results of the Working Group
Sessions are expected to be seen in 4 numsher of (ountries n the near
tuture

In the development of the use of fertilizers FAQ) (3 operates with
other United Nations agencies, for example the International Atomic fnergy
Agency (IAEA) and the Iniernational Bank tor Redonstruc tton and Develop-
ment 1BRD) and with multilateral orgamzations such as the Orgamization
tor Economic Co-operation and Deve opment (OECD:, the Fund for Euro-
pean Development (FED) ind the Orgamization of American States . FAQ
also co-operates through ditierent types of programmes, agresments and
arrangements, with a considerable number ot bilateral development aid
orgamzations and with non-governmental organizations

The fullowing considerations influence FA() s approach

a) In line with the requirements ot the rapidly growing population
in the developing countries during the Second Um‘teds Nations Develop-
ment Decade (197119801, the increased target per year in agricultural
output 1s 4 per cent. This 1s considerably higher than it has heen achie-
ved during the last 10 to 15 years, when the average growth rate was
only 27 per cent. Although most developing countries are essentially
agrarian countries, more than 20 per cent of their imports stll consist
of fond ;

b} It 1s generally accepted that most of the future production increa-
ses have to come from higher yields per unit area ;

<) Experience in countries with highly developed agricultural systems
over the last 120 years has shown that approximately 60 per cent and
more of yield increases are due to the use of mineral fertilizers and
manures. The available figures indicate that this percentage might be even
higher in developing countries ;

d) More than 60 countries are still in need of assistance in one
way or another in developing the use of fe tilizers. The real problems
in this r t are the introduction of the use of fertilizers to the large
number 3 economically weak farmers with small and often remote hol-
dings who oroduce the bulk of the food crops, and the limited economic
possibifities of the countries as a whole.

Development of the use of fortilizen




carrying cut this work  The most important of them are the UNDP smali
wale  the ( NDP darge scales and the FAQ) tertilizer programme

This n the type ot assstance that usually prowid s one o two
experts s advisers ta governments lor special fields of techmcal activ
ties  The programme also provides some  equipment and one o1 two
tetlowstups and has a duration per project from bwo 1o sixo yearns wWithin
the tramework of this programme the use and promotion projects ot
terthzets were started i the early 19507 and  have operited n 24
Countnes

These proects are intended to provide pre-investment asastance 1o
govern-ients They primarly concem apphed research and investigation hut
for some vears i Special Fund projects on sol tertihity and the use of
tertilizers  strong  promotion  components  have been included UNDP's
contribution to these relatively large projects includes mainly a4 tecm ot
five to seven international experts equipment and <upply for the neld
and laboratory wark including vehicles and  for projects with the distri-
bution of tertihizers adequate quantities ot tertilizers and tinally about
ten o mare telowstips tor the training of local <tat The minmum
duration o large scale projects of this type s three years, but n maost
Caves the duration is hive vears or moure Such projects have heen or are
executed for example n Argenting, Ghana, lran, Pakistan. Philippines,
Repubhc of Korea and Thailand Besides field expernmentation and demon-
stration special attention has heen given to the establishment or strengthe-
ning of services required tor the use of tertihzers and the development of
wound fertlhizer recommendations Governments are also assisted in deve-
loping policies for tertil:zer supply and assistarice is given 10 pilot schemes
tor the distribution of tertilizers Emphasis has been placed on combining
the use of ferlizers with the use of improved high yieldin  varieties and
with hetter methods of cultivation, ngation and pest control. These
intensive projects have considerably contribuied to an extraordinary
increase of the use of fertilizers. Fo istance in the Philippines a large-
scale project carned out (ointly by the staff of the Philippine Bureau of
Soils and the international team of FAQ. layed out 5500 ferilizer trials
on all the major food and cash crops, with special emrham on rice,
maize and c(oconuts Detalled recomincndations on fertilizers for each
province and main soil series and for the high yrelding and tiaditional
varieties have heen worked out, at the range #)—30-—0 or 40— 30—
tor local vaneties, 60—40—30 for improved varieties and 90—40-30 for
high yielding varieties. The protect has assisied in re-equipping and 8-
ding eight regional soil laboratories. A plant nutrition monlow ﬁn
greenhouse were completed , research has been organized on the nutrient
requirements of rice, maize and coconuts, and tests of various strains of
Rhizobium spp. on legumes have been carried out A field check of
13 benchmark soils was carried out and suggestions were made for the
improvement of soil mapping techniques. The marketing of fertilizers
and credit situation were studied and proposals for improvement were
presented The project reviewed the organization and staffing of the Buresu
of Soils and recommended its reorganization to improve the planning,
Co-ordination and practiCal OMENtation Of researcn. A aetatiea propossi
for a Dwvision of Fertilizer Promotion 1o be created in the Department
of Agriculture was worked out ; it is to be responsible for the co-ordi-
nation of all activities in the development of the use of fertilizers, inclu-
ding dissemination of recommendations to farmers, fertilizer legislation,

-

co-ordination of imports, local production, marketing, warehousing, pr-
cing and long-term developments. The project in the Philippines has net
only provided a sound technical and economic basis for the use of forth-
lizers but has also contributed to incresse it. The consumption of feril-
zers was 97,000 tons (NPiOs, K:O) in 1964, when the project stareed
and reached 226,000 tons in 1970/71. Under the UNDP finencing, FAD
is at present executing 28 smeli-and large-scale projects related W sl

fertility and the use fertilizers,
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The FAQ fertilizer programme was initiated in 1960 under the Free-
dom from Hunger Campaign It has turned out 10 be one of the most
effective FAO fsie!d programmes . it is orented towards practical needs
and should lead to short-term results. The fertilizer industry was the first
contributor to this programme and in tact made s mtiation. but increa-
sirgly voluntary contributions by governments and non governmental orga-
mzations and by the recipient countries have helped towards the const
derable expansion ot the programme The programme has up 10 r.ow
worked in 34 countries and s at present operational in 22 countries In
principle, the FAQ) fertihizer programme uses the tollowing approach in
its activities

a) The tirst stage s to ascertain the most protitable treatments of
feruhizers and 1o create a demand tor these treatments among small-scale
farmers through trials and demonstrations

b) The second stage s 1o identfy the distribution of ferthizers,
credit problems and test different answers In fact, in our case, tertilizers
can be properly sold directly to intormal natural” groups, directly through
formal co-operatrses, or indirectly through local dealers

) The fertihzer programme s carried one step beyond the existing
rocedures on a pilot basis ; if the test proves successful, the programme

institutionalize the new procedure in the whole country

Roswlts oblained

The following is a short summary of the results of the programme
achieved from 1961/1 2 1o 1968/69 on all crops in all regions and all parti-
cipsting countries

a) Out of a total of S¢A61 demonstrations (3 to 5 plots), virtually
all 999 per cent) showed povuve responses and the weighted average
response of the best treatments was 359 per cent; 94.7 per cent showed
positive economic returns to at least one treatment ; the average value/
cost ratio *) of the best treatment was 4 ;

b Out of s total of 6,158 trials (90:0‘“1.6 plots), 9.5 ;;ehr cent
positive responses ; 95.7 per cemt 5,987, for which price
data were reported, showed positive economi.c returns to at least one
treatment. The average response and value/cost ratic of the be . treatments
were 81 per cont 9.1 respectively ;

¢) During the first seven years of the fertilizer programme, the annual
comumption of plant nutrients (N.PsOs, KeD) in the countries taking part

from 273,000 tons in 1960/61 to over 875,000 tons in 1967/68, which
i an increase of over 600,000 tons. This represents a gain of 220 per cent,
per cort per year (linear). The value of this increase, at wholesale
was $ 40 million per year.
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The Expert Panel on the Eiicats ot datensive Tertilizer Use on the
Muman bnsonment omganzed with the trncal support ot the Swedish
International Development Authonty SHDA L brought together tor the tirst
tme leading experts mthis teld on 4 word wide hases The tollowing
entences o e summan and condlusions ot the panel are ot parti-
cular nterest

Clearhy  tertlzens have done much toward making this world a
better place i which to lve They are presenthy and will become increa-
cngly indespensable tor providing 1ood tor those now hiving and the gene-
fations o come  The long term eudence that o availlable. tar trom
proving that terthzens ne damagng o ol anvd therr organine reserves,
shows the  contrary  Less apparent but  genuine  oenetits derved  trom
proper terhilizer use are an cnhanced water use ethoency and a dleaner
atmosphere trom the hetter Cop growth achieved  Abuses 1o the envi-
conment have been induted Dy excessive tertihizer use in certain loca-
hes and 11 s important that correction be ettected i these cases. On
1 world wide bisis, however ot seerms reasondble 10 predict there would
be 4 <trong backlash to the  emviionmenta! crisade 1t tood hecame
moie dear thiough restictons on fertilizer uve

The United Nations Conterence on the Human Frvironment  held
a1 Stockholm from 5 to 16 June 1972 presented a numher of recommen-
dations concerming the use of tertilizers  In Recommendation 21 research
i recommended on the environmental ettects of pestades and tertidizers
and on the dose and tming oi the applicetion of tertiizers and  their
etfects on soil productivity and  the  environment Recommendation 20
includes items dealing with the mamtenance ot soil productivity. FAO
1s at present prepanng its action plan related to the Stockholm recommen-
dations that concern this orgamization ™

Situation conceming the development uf the use of fertilizers

After mare than a4 decade of intensive work on the development of
the use of fertiizers by a large number of countries with the assistance
ot FAO) and other organizations, the countries can be dassified as follows
as regards the stage they have reached in the use of fortilizers and the
need for further assistance

a) Countries ihat are still in need of basic technical and economic
information on the 1se of fertidizers. For these, assistance would concen-
trate on expenmental and demonstration work, followed by pilot schemes
for the distnbution of tertilizers. There are 49 countries in this category,
maost of them in Atrica ;

h' Countries that 1) have recognized the importance 'of fertilizers
for the development of agriculture, (I have information on the rationdl
use of fertilizers, and (1) have developed a sizable demand for ferti-
hzers among farmers, but that mainly because of inadequate infrastructure
and deficiency of foreign exchange, cannot build up the use of fertilizers
on their own as qu ckly as it would be desirable. This category includes
67 countries, distributed almost evenly in Africa, Asia and Latin America ;

¢) Countries with an aiready reiatively eificient inirastruciure but
where (1) the lack of sufficient foreign exchange for the purchase of
fertiizers represents a major bottie-neck n further development, (1) the
infrastructure for distribution of fertilizers and other inputs needs further
improvement either in the country as a whole or in parts of it. There
ar2 16 countries in this category, mainly in Asia and: Latin America ;

d) Countries (1) that do not need any more foreign assistance in the
development of the use of fertilizers, or (I} that need assistance in the
development of the use of fertilizers only in parts of the country, or ()

*) with reference 1o the attitude of FAQ to lertilizer hazards, an action
based on the recwnmendations of the Stockholm Conlerence is being planved. 1t
research on the ecolagical ettects of fertilizers, u. Jer which more specific swdies
probably be intiated
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that need assistance only for solving specific problems, 1or  instance,
building up a sonl testing service establishirg 4 tertilizer umit 1n the Mimi-
stry of  gnculture, introducing tertihizer legislation. prepanng an overall
plan for long-term development of the use of fertilizers and eventually
tor the produchun ot terthizers. There are at present 17 «ountries n
thisy category

FAO’s activities in soil fertility and the use of fertilizers in Europe

As the major problems of the use of ferulizers have been solved
n most European countries, the expenence collected in this part of the
world and the know-how availahle are often used as a basis for solving
fertiizer problem, in developing countnes. Direct assistance 10 European
countries 1s relatively himited, usually only to speafic tields, tor . rance,
in soil chemisiry, complex experimentation with organic manure, mineral
fertihzers and adequate crop rotanons, management of heavy dlay soils,
specialized equipment 1n the use ot terilizers. Some projects include also
dassification ot soils for irngaton and related soil tertility  problems

Matters of primary interest in Europe ai present are problems arising
from increasing concern for the protection of natural resources and the
human environment. FAQ, in connection with the UNDP, organized in
lune 1971 a consultation on soil degradation and measures to curb it
FAQ is following up the work on these problems also in close zo-ope-
ration with the Eur yean institunons concerned

Identification of fertilizer projects

On dealing with the development of the use of fertilizers and with
fertilizer requirements, FAO is giving assistance, in co-operation with
UNIDO, through field projects, consultations, publications, missions in
the identification of the projects for the production of fertilizers with
the aim of providing for them a sound economic basis. FAO's activi-
ties include :

a} Obtaining information on the most rational use of fertilizers
on a variety of crops under different soil and limatic conditions by expe-
rimental work with fertilizers in combination with other inputs under
normal farming conditions. The experimental results obtained are also
used as a realistic basis f the overall planning of the development
of fertilizers and long-term estimates ;

b) Extending the information obtained through experiments to the
advisory services to enable them to demonstrate the value of the use of
fertilizers and of the related improved practices to cultivators ;

¢) Studying the economic factors affecting the use of fertilizers
and of practices and f:nding ways and means to overcome obsta-
cles to wide application. These economic studies are related to
the farmer's level and the aconomic aspects of the country as a whole ;
. & Distributing fertilizers to farmers . pilot schemes for the distri-
bution Of tertilizers as examples and incentives in such countries or
areas where the supply facilities are not adequate ;

@) Inkastructure for the long-term development of the use of ferti-
Hiaers : infrastructure to promote the use of fertilizers and
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for the production of tertilizers This type of activity s being carned out
jomntly with UNIDO and 1BRD

hi Tran g in sosl tertiity and fertilizer work  the training of local
personnel 15 retaiad to held activities and consists of on-the-job traiming,
taming courses fer owships and study tnps outside the country Additio
ral assistance 18 required tor national and regional serwnars tor extension
otatt and high level othcers, responsible tor the long term over all planming
and execution of the development of the use of tertrlizers

In a number ot countres the slements hsted here have already led
0 the identitication ot needs tor the local produc tton ot tertihzers and
serve as 4 hasis for discussion with UNIDO and other organizations inte-
rested v the producton ot tertihzers. The joint UNIDO/FAO/IBRD Wor-
king Group on Fertilizer Development can be considered a competent orga-
mzation to dlear the related ideas for the identification of projects
advantage of this Working Group 15 also that all elements ot the use of
fertrhizers, the pioduction ot fertihzers and their financing have been
brought together tor the first ime on a world-wide basts

Conchmions

On the basis of data received from the Indicative World Plan for
Agricultural Development the use of fertilizers duting the Second Develop-

ment Decade 1970--1981) should materialize (as n in the following
paragraph) 1n  line with the requirements of the rapidly increasing
population

World consumption should increase from 68.2 million tons of plant
nutrients (N, P2Os, K20) in 1970/71 to 126.5 million toms in 1980/81.
Within these totals the inciease of the use of fertilizers in developing coun-
tries will be more rapid. The consumption in 1970/71 was 10 million tors
of plant nutnents and 1s estimated to be 22.4 million tons in 1980/81.

The experience of FAO shows that, particularly in the developing
countries, these figures will not be reached without an extraordinary effort
on the part of the countries and aid-giving of. izations. This calls for
even closer co-operation from all concemned : producing fertilizen
-hould provide the best possible fertilizer materials and those using ferti-
lizers should make certain that the fertilizer is used in the most
and economical way.




V. COUNTRY PAPERS

BULGARIA

Stefan N Lazarov

The intensive agriculture of Bulgaria requires the appi:cation of
vanious forms of fertilizer

The production of fertlizems currently forms an important sector
of the chemical industry and the demand for more and improved fertili-
1o i3 Increasing.

Bulgaria produces ammonium nitrate, urea and phosphates. The pro-
duction of nitrogen fertilizers nearly meets the needs of the country, but
the ion of phosphates is limited and potassium fertilizers are not

od at all.

Granulated ammonium nitrate s manufactured according to a process
developed by the Union of Soviet Socialist Republics. In recent years the
mh:bmnmodd!cdu\dd\eqmundw:pmductunow.mch
improved.

The ammonium nitrate produced in Bulgaria contains :

— Nitragen, 335345 per cent.

~— Mumidity, 0.2—0.3 per cont

— Dissoived additiom, sbout 1 per cent

— Inort pdditioms, shout 0.5 por com?

The dimensions of granuies are -

- $ize 42 mm, showt 73 per come

— Under 1 nwm, 58 pov coni
-~ Over 1 mm, about 20 par cond

Granuiated ures is produced by the Stamicarbon precess of the
Netheriands and contains :

— Mirogen, 46 per cont
~ Siurgt, 0.0-—1.7 pov comt
- Mumidity, 0.4—84 per com
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CYPRUS

Petrakis Markou
Anasta~os M Papakynakou
john P Zvngas

Cyprus s the thid largest istand in the Mediterranean, with a4 popu-
Letion ot about 630000 Agacuittire s shill the heckbone of the economy
and  comequently tertilizers are ot prmaty importance

Cyprus has not vet esabliched ats own fernbizer industry Al lerti-
Lrers are imported trom abtoad by the Co-operative Central Bank and
by various private commercial tirms fertilizers are either sold or distribu-
ted diractly to - rmers or through their local Co-operative Credit Societies
Ferhlizers ate not mixed by (yprot tarmers . most mixed or compound
tertilizers used wy Cyprus dre vmpmled

Fertilizers are » Id in sealed bags of 50 to 100 kilogrammes each.
The Government exercices stact control 1o guard against adulteration by
analysing samples ot all impoited erulizers The cost ot fertilizer imports
amounts to approximately 2 mithon Cyprus pounds annuatly.

Programenes ot lertihzaton are based on leaf and soil analyses for
various crops  This v a service provided to the farmers by the Ministry
of Agriculture and Natural Resources i order that fertilizers in the right
amounts andd tepes are used

Market

Accurate records of fertlizer consumption in Cyprus are not available,
wnce there are no records of stocks left over at the end of each year
Table 1 shows the fertilizer imports for the period 1932971,

Table 2 shows fertilizer consumption, on a nutnent basis, compiled
irom data on the sales of the three major importer/distributors. Appro-
amately 14 000 tons of nitrogen (N) were used in Cyprus dusing 1971 ; of
which approximately 40 per cent was in the form of ammonium suiphate,
&) per (eni CAMIUM AMMIKATIUIL IHileic aind uics, end 20 por cont nined
or compound tertilizers such as 7--11—0, 14220, 14—22—9 and
o8-8 tigures |, 1l and 1) In spite of the increasing quantities of
nitrogen used every year. and the fact that too much nitrogen is _
to some crops, it is estimated ihat nitrogenous fertiiizers are
under-utihised if measured by the total tonnage of nitrogen needed for
agniculture

Urea was introduced into Cypriot sgricuiture abowt five yesrs qr
and at present accounts for only a m:a percertage 5
per cent) of the total nitrogen consumphion. The conmumption of wres i
expected to rise , however, owing 1o it; low cost unit of nutriont,
high concentration of mworu (46 per cent), , consequonty, low
handling and storage costs (figure IV).

"




1)

apqeyene Jou amndy 1eve | g3 1—4|

MUY OWRig 10 Jusuiedag ‘SHod pue Lotk 1O NS WOH v PEE ‘lr6L y

SATAY MU LPdaT NP Ayl pUE iUy 10 juaLIPd) Ot SHISORIS M) (A0 PINEIGO Sidm CRP P96i— Sk paned g oy

Y N ) T Gie i MU oees FaH - v6 T Wil SUISE SSIt el
IET e ¢ IR [V .S [ 1% g —_ 8L 9% 0L 'y Jeald LEW'S /LN
a6, Lh t M6’ 19¢'y e LL 96 £95'E [Ya g 4 > 0EW'L L9 Fa* £19
1w SR Lk 1ot o 206 6 Y 1R e SEV'6 9L L QLT 19 ol
i Shi R <9 6.t 6oL 4 - 610’y reg'si a3 6es e
" PEE S ST v 176 L Lind (93 o (S RY @97 8Ly Sov'L  sovet
o0y Far [ XY o0t rer <6 iy e L% L SOE'TL
4T £ - WOL'E ssier o5
AT %l L1 L8t - oy S 9 T 0e'sE
oty L rey 9.4 o - 050t ol 97 —-- - %6
s 16 (SN L% - [t raty Ovg'TE — - “rom
e ha¥s - oel orLSe - - Fibal)
[SER : : (¥ 0§ [ 4% Ty - - 209
[re— 997 - ore'l eSSy —_ -~ 4Ye
oF 0L - vl 1194 - — e
"o - [ 3 L64LE - - "N
Do 8. - (1,13 oTrei — — on's
S 86 - 0o 00E'sT - - L 3 'y
(L s - o 9019 — — =°Le
P SEL - ' 1435 1 et -
e ) 899 e IIFL O Ol . TSON00 SN0 09 R0 oL N0 NHPO 0O YOS oiL
Pt Sedrg T 0T sl sy paviv SRTLA  seazipiaa; oneydsougd ATy -Igll!ima!

Terki MG T e g

isuot Sy

wndun soegn.35 L BP)




Table 2. Total annual sabes of fertilizers by the three major importer/ distibutors

inutrients o metiic lons!

Tanu 1961 1942 1263 1964 1S 45
N PG, N PO N RO, N PO} IN} (PO Ny POy
Vot Ty 6’79 7 595 THY 820 BB 81318 T8 8326 *043 8,545
19hb 1Yy 6/ 1968 1969 180 1971
Ny P, NI POy IN) POy INI PO, IN) P40 Ny P0y
4914 aMi 10715 9418 1175310695 10849 8647 1329414428 14,292 10,54}
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phosphoris. < heing constantly replaced by the more concentrated type.

0

44 38 0 tywues v oand VI As with nitrogen, consuraption ot phos-
phorus i estimated 10 be below the recommended requirement oi (rops

i Cyprus
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Figure VI imporks of lertilizers, 6-44/08-8
Source irepariment of Agrculture Sods & Plant Nutrition Section

Potassic fertilizers comprise only a smail fraction of the total con-
sumption of fertilizers in Cyprus, because the soil was (2nd in many arees
still 1s) abundantly supplied with this element. Hovrever, it should be
emphasized that the use of dntassium frequently appears necessary for
greater yields Potassium sulphate is the main simple potassic fertitizer
that 15 imported (figure Vil), but in recent years potassium nitrate has also
been imported, although on a smaller scale.

The anticipated and recommended cor.
(P20s) and nitrogen (N} is 18,000 tons and 17,

tion of phosphorus
tons respectively In

1976 and 20,500 tons and 19,0 snis respectively in 1986, The NO»
mtrogen used as top dressing for ceresls and vegetables, estimated to

ammount 1o approximately >,000 tons in 976 and 4,300 tons in 1988,
not included in the above figurss for nitrogen. it is also estimeted
the actual consumption will be approniretely 80 per cont and 30 pov
cf the anticipated and recommenderi consumption in

respectively (table 3.
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Table 3 Projected land wee and foclilizer needs, 1976 and 1988

197
Recommended nutrients
Prowected cultivated arva tons)
. Crop (dorums) + N POy
Citrus fruits 134,000 4318 "o
Potetons 64,000 1,2% 1,2%0
Careshs 1,329,080 4,108 b 6,098
Yires 313,000 2,985 2,583
Detiduous 35,000 1.99% 580
73,000 %0 bi 1,12%
¥ 408,000 1290 3,845
Doy lond troes 346,900 30 1,330
2,700 19,000 17,720
198¢
Citrs fruies 170,000 $.478 1,160
Potatoss 40,008 1,15 1,1%
Coronle 1,150,008 3,968 5,29
Vines 330000 1,708 2,708
Daciduow 1,000 um [
x— 198,000 7% 1,500
1,9 3,208
Ory lonsl o ... .1 . . A3
176108 20,99 080
B Y serw w1008 durwarn b Enchutirs niteachelk (calcium
1 Rochvs = 7465 dmnem AORIUM
Pomibillyy studime
Yo sulies wers corvind owt, ane iy UNIDO 1nd the other by & feveign
firm. Soth conctuded $hat s fertilaer plant would be and eun-
E wibin n under catain cnﬂn~ w o
il ewt & SWEMNENL commithe, capesily
o hestd an S grejeced sgrenamic nevs for n shont
Ow s basls, rocommendotione roloting to plent capacities were




Yable 4. Recommendations for fertilizer ,lant Capacities

( apace iy imetog fons! tdaily,
Type of plant lannuai $30 davs)
Ammaonium suiphate 115000 148
tequivalent to
24,000 of N
viperptiosphate teguivalent to
2000 of PO
Nt REANGATION CANsuMINg 1Ow- 170,000 515
iathvaos moxed tertibizes toritral 120,000) 363
vtang and granulahion awsuming high 120,000 63
mahvas mixed fertilizerd fivtial 70,0000 22
Saiphure aod amn 100 per cent acid
Inttial 100,000 0
tonal 150,000 450
Phosphoric aod
A nple  superphosphate s 1o be
imanntacturedd 18 000 35

A private hrm st at present seriously considering the possibihty of
-etting up an integrated sulphuric acid-fertilizers-steel (reinforcing iron bars)
complex The bastc raw matenal considered in this and all previous feas-
bty studes 18 the local supply of iron pyrites to be used in the manu.
tacture of sulphunc acid

Problems

The Ministry of Agriculture and Natural Resources has been recom-
mendimg the use ot high analysis ferulizers to farmers The use of such
tertihzers 15 als, evident 1n the hgures referred to earlier, indicating thal
concentrated types of fertihizers are being applied increasingly at the
expense of low-analysis fertilizers Whether low or high analysis fertilizers
shou.d be manufactured has been a major question raised by all fea-
sbihin studies  To evaluate the economic viabdity of the fertilizer project,
11 prices of tertilizers and tertilizer raw materials, such as ammonia and
‘ock phosphate were taken as the basis for calculations. An indication as
‘o tuture (1 prices of tertihizers and raw matenals would be very helpful
in deciding whether or not a project would be economical. Finally, as
sulphate of ammonia 15 the main, simple nitrogenous fertilizer used by
the Cypnot larmers, knowledge of future price trends for this fertilizes
would also he most helpiul in assessing the whole project.

HUNGARY

Tibor Zsifkov

The rate of consumption of fertilizers, in Hungary is appromime-
tely equal to the medium rate for £ . it has taken some 20 years
reach this rate which has led to the stabilization of Hungarien agriculwral
production.

Betweer, 1951 and 1960, the amount of fertilizer used m
was 14 kilogramme per hectare . by 1970 it had increased more

tenfold Between 1966 and 1970 the use of fertilizers had more then
doubled.

Nowr Jowl wcvve ingrodions, igfte
1946 "
1947 ”
1966 32 ]
1949 18

we 190




Over this same penod the domestic production of tertilizers was

Year OO tons 10 active ingredient

(N} Py
1966 167 b3
1967 185 154
1968 245 156
1969 600 170
1970 i%) 167

The yields ol some more important cultural plants in g/ha were

_Year W"'_}j' Rice Maize Sugarbeet Potato
196 217 h4 116 $,0h he 8
1967 159 213 285 3240 "9 4
1968 252 94 M4 144 2 849 !
1969 7y L 79 34t 4 (AR
1970 214 191 (%) 287 1 104 1

Merely increasing the doses of fertilizer, however, could not satisfy
increasingly varied demands. Under such circumstances, the present situa
ton in agriculture had 10 be realistically assessed. and on the basis of
this analysis the trend of developmert established It was also cons:
dered that the quantitative development of agricultural production requi-
res agro-techmical and other measures.

om?nkdy ;g per cent of the fertilizers used at present are
i , including both single and compound fertilizers and raw phos-
phate. Simple fertitizers predominate in dormestic production , the propor-
tion of compound fertilizers produced locally is still small and limited
n assortment. Only 15 per cent of the total fertilizers used domestically,
are compound fertilizers (including those imporied).

The quality and the ng -of Hungariun fertilizers correspond
to the standard Recently, their ical propoition and spreadability have
been improved, theugh in this field still further improvement is necessary

Domestic production of nitrogenous fertilizer is sufficient to meet
the present and predicted needs. On the basis of experience 3o far, the
use of urea may prove advantageous.

The ity of oric and tash fertlizers available 1s not
sufficient m the m: needs. TPh(;ir turther development is called
for by the fact that the ratio of the N.P K. will be altered in accordance
with the tendency 1o favour phosphorus and potassium. The demand for
these fertilizers is also expected 0 increase

The essential problem is that the present assoriment of fertilizers
i Hungary is not satisfactory. In particular, it would be desirable to
mumnmofcemm&msmmm:mmn
propestion reaches 40 per cent of the total fertilizers used and their

of a mill 10 produce mined fertitizer based on ammonium-phosphate  Both
esiablishments wil produce NPK products with a composition that is

Compound fertifizers combined with some microslements are now
mﬁbmﬂ,MMMww




MALTA

Peter C al.matta

Multa has no tertilizer or  estioos industry s requirements, which
sie not targe are met by impcits Both the amount of arable land (4
tew hung o hedtares) and the roimber ot farmiog tamilies tabout 7,000
At present have heen dechinmng as 4 result o1 the lack of ofti. Al encou-
ragement ot agnculture in the pat two years however (om erted efforts
have been made to reverse thie trend and 1o replace the ammonium
sulphate  tradibonaliy used on *he sland's calcaicous sots (pH 75 and
e by complexes

POLAND

Jerzy Simonides

Production

The st atinospheric mtrogen fixation plant. based on a Polish
orcess and bult by Pohsh workers, was put into commission 55 years
ygo I was @ nitne acd  plant using professor Moscicki's  etectric arc
process  Another Polish contribution to the development of the nitrogen
ndustry was made i 1905, when the Westregein factory of the Gesell-
«hatt fur Stickstotfdunger  produced the  first commercial quantity of
calcum  (yanamid, using an invention of the Polish bhorn  chemist
t L Polreniusz

Fifty years ago in 1922, the first state enterprise, Panstwowa Fabryka
Iwiazkow Azotowvch (State factory for mtrogen compounds) was esta-
hhehed at Chotzow This enterprise took over the nitrogen factory located
at Chorzow which had been built by Bayersche Stickstoffwerke in
19151917

Following Protessor Mosaicki’s initiative, the second state nitrogen
factory. located at Moscice near Tarmow, was built mn 19271929 At
that tme this factory had the largest capacity for the production of
ammona n Europe

In 1919 the total production capacity ¢ the Polish mitrogen industry,
including coke-oven ammonium  sulphate.  was 60,000 tons per yesr
Owing 1o the poor economic situation of Polish farmers, full use of this
produchor  capacity was never made, except in the period from 1929
to 1932

During the Second World War, the Polish nitrogen industry suffered
covere losses in statf and plants. After the war, however the industry
was rapidly reconstructed By 1947, the pre-war production level was
curpassed The land reform and a new ugrarian policy brought a funda-
mental rhange m the economic condition of the farmeors. As a result, the
demand for ferilizers began to increase rapidly in addition to recon-
A\Lru(‘hnf the Tarnow Nitrogen Works it wes necessary to built another
large plant located at Kedzierzyn in the south west of Poland. Produc-
Lon sarted 1 1954 and was expanded in the period 19581964

In 1966 and 1969 the hrst and second branche of the Nitrogen
Works Pulawy went into operation. This plant has a production capscity
of 2500 tons/day urea and 3,300 tons/day ammoniura nitrate and s ome
of the largest in the worid.

The Nitrogen Works, Wioclawek, with a production capecity of
1 500 tons/day ammonia, is the latest factory to go inio Nperation.

Besides factories produci single component fertilizers, a lewge
fo tory for NP fertilizers, the .gnmh‘.d Works Police, located at Pelice
near rcczecin, began production in 1970. Future plans are to ahso produce

86







et e,

NPK fertilizers. When this factory 1s completed. it will be one of the
largest of its kind in Europe.

The decision on the location of the at we-mentioned new works
was based not only, on economic aspects. but also on the stimulating
etfect of industry .n districts of hitherto purely agrarian character.

Table 1 shows the production of nitrogenous tertilizers (10 thousand
metric tons N) in comparison with the total tertilizer production (in
thousand metric tons N 4+ P20s) and the per capita production of N and NP
in kg N or N4 Pa0s).

Table 1. The production of nitrogenous fertilizers

Annyal

NP ¢ N Annual rate Kg per capiia

Year ‘thousand ':;:;:P fthousand  of insrease e )
metric tons) Pl . metric tons) L) NP N
1°,8 85 - 429 25 12
1950 160 4 — 778 f4 i
1960 477 - 270 - 16.0 91
1965 738 - 4 234 125
1966 826 112 462 11A 26.0 145
1967 974 118 594 128 10 2 8.4
1968 123} 126 759 128 81 234
1968 1472 120 938 124 45.2 288
190 1.629 111 1,030 10 50.0 316
171 1,786 110 1,081 105 544 329

Swyrce : CUS publications.
# Foregoing vesr 1O -y

Table 1 gives only the figures for nitrogencus and phosphatic ferti-
liaers ; the entire requirements for potassium fertilizers are covered by
"mports.

Comparing table 1 with table 2, it may be noted that the figures for

oduction are slightly higher than the figures for consumption. in the
uture a certain amount of the surplus of preduction will be kept in order
to make possible some exportation of nitrogerous fertilicers.

Rrw material for ammenia synthesls

in Poland natural gas steam-reforming plant for ammonia synthesis-gas
uction was working even before the war. The fundamental raw material
ammonia synthesis-gas production was coke and coke gas based on
small native natural gas resources and a well-developed coal-mining industry.
Since the early 1 uﬂm'wpla:zhavewb.mnmmnm,the
remainder being produced from coke gas and petroc ical tail-gases. The
change in raw materisls and the gradual replacement of smaller ammonia
P othuction units by up-to-date larger units shouid substantially reduce the
avrage cost of production by about 40 per cent.

e ssariznent of produced nivegencws feviilinen
The Polsh nitregen industry produces

Ures
Coiclym ammonium mittate (CAN)

Arvanemivm niteste (AN)
&m

AR S




Lrea Poiled rertiizer urea has been produced in Poland since 1964
by the  Pover R oaisu process o Lotal recycle plants  The main teature
a1 this prodoot s s low bruret content and very good storage properties
without art cakmg treghiment

C ot ammonnem natgte Ongindlly CANG wads produced n Potand
with only perode miang o the surry and by pu,, mill granulation The
nitragen contem aas 205 per cent Since 1954 nearly the entire produchon
o CAN has been done by a continuous pritl 2-towe, process In the late
1950 « the nitrogen confent was e redsed tist 1 22 per cent and later to
I oper cent A nliogen content of Iy percent s d compromise between
the Letter agrochemical properties of the 205 per cent prndmt and the
Lmer Total AN tertihang costs 1t should he emphasized, however  that in
quie ot the higher prce ot mitrogen i ( AN hy compansion to AN, the
Chmers ke to buy CAN because of s gqood agro-chemical properties

Arimoram mirate e order 1o reduce the costs of mtrogen pro
duchion o 1957 ame plants previowsly pmoducig AN hegan 1o pro
e AN

I 1964 this producion was considerabh expanded by the start-up ot
the AN plant at Pulawy. tollowed 0,972 by the inaguration of the newest
olan: at Wioclawek The nitrogen content of the varicus products is between
I3 per cent and 14 8 per cent Very good handling properties of the product
are ensured by the stabihizing and anti-caking agents used

Caloium mitrate Calcium nitrate s produced trom limestone and nitric
aiid with an addition of a nmonium nitrate, giving a nitrogen content of
155 per cent In spite of very good agro-chemica properties, the output
tenc’s to decrease hecause of high production costs.

Sowdium mitrate Sodium nitrate is producad by alkaline apsorption of
waste gases (rom low pressure nitric ac id plants Onlv 4 very smaill amount,
i used tor tertihzing

( alcium (vanamide Calcium cyanamide was produced in Poland for
tertilizing PUIPOSES IN an INCreasing ammount from 1957 to 965 when the
supply to the tertlizer market began to decrease In 1970 the supply to
agriculture was stopped in order to be diverted to industrial needs.

Ammonium sulphate In the pre-war period, ammonium sulphate was
produced i Poland from  coke-oven gas and from synthetic ammonia
Jher the war it was produced only from coke-oven gas An increasing
amount of AS s obtaned as a by-product of caprolactam production.

Aqueous ammomia  The use of aquecus ammonia with 20 pe. cent
N was introduced as a fertshzer in the early 1950 by the nitroger. industry,
which nvested a great deal in local storage tanks. In spite of the lowest
price tor adtrogen aml intensive organizational eftorts on the part of the
mdustry  the demand tor this form of nmitrogenous tertihzer has not reached
the expected level

CSther nitrogenous tertiizers The ammonium phosphate produced at
Police contains 18 per cent N and 46 per cent P20)s The prod ction of an
NPK fertilizer based on this product, 1s planned

The relative importance of the above mentioned fertiizers and its
cariatton  with time 15 shown i table 2 (percentage of total nitrogen
production;

The above table demonstrates the dynamic growth of the urea quota,
considering the substantial paraliel growth of AN production (n absolute
Hgures!

There are expected to be some changes in the relaive importance of
nitrogenaus tertdizers in the next few years in 1972 there was a noticeable
increase in AN preduction coming from the piant at Wloclawek. The
production ot NP tertilizer should increase siepwise, partly in the form of
NPK fertilizers By 1975 the supply of CAN s expected to increase owing
to the planned modermization and intensification of exsting plants. The
produrtion ot other tertihizers should remain the same as the present pro-
duction. The planned stepwise change of CAN-filler from limestone %




Table 2. Variows types of nitrogenous lertilizers a percentage of total production
of nmogen, 19601971

S 5 § S L P E‘i‘;
Year §8°~ 82 §0 %w gé é; 38 5’5
cED £ o PR 2 Ic £ %E £ 1
RE S £ = ¥ & RE X® EX FE  ES
- Aar < o] W £ Fr [ < 7 < 3 L -3
1960 1643 354 015 46 G199 114 978 37 —
1961 4418 29 33 007 408 0noro12s2 996 053 —
1962 4308 )1l .65 416 003 1y IR 475
196 3 45 84 954 064 358 015 852 18 155
1964 44 85 277 189 (S 017 916 936 343 -_
1965 38 81 2371 1086 302 010 754 1142 454 -
1966 1 24700 1582 160 (06 302 1t10 459
1967 11.04 2266 87) 168 0o’ 322 891 370
1968 2620 1274 1695 1 b4 Nt 185 7 bi) 299
1969 112 4098 2830 104 0.0 014 614 228
1970 2210 31593 405 (kY 0.01 012 5.76 134 :
1971 2170 1149 3528  O6b 022 5 64 100 122

dolomite is aiso worth noting. This will yield a nitrogen tertilizer with a
content of about 5 per cent MgO, which should diminish the magnesium
deficit in the soil, if used continuousiy.

Consumption

Tabh 3 ?m the consumption of nitrogenous fertilizers (in thousand
metric nitrogen) in comparison with the total consumption of
fcnmzm {in thousand metric tons N+ PrOs + K1O), and the per hecta.e
consumption of fertilizers in total and in nitrogen.

Tible 3. The consumption of nitragensus feviliiuere

Annu:l‘ Annul; Kg/ha sowed land b
r 4 (WiE
o et el

N/'! ] ie ‘.) a NPK N
199/% 3628 - 9317 — 241 62
N98/80 744 6 - 2%1.3 - 486 16 4
1954/6% 1108 7 - 6 5 EE ] 255
1963/66 13028 117 4332 112 9%.2 287
1904/87 1581.7 mmn 5133 118 1047 40
1907/68 80 11 604 8 118 1ma2 40.1
1009 21413 117 o 118 142 % %7
1989/ 70 24163 112 785.0 1M 1613 525
wrer i el s 8224 105 1722 551

Sowsas : GUS (Chief Consus Buresu) publications
ﬂw"y—vt
;h:nmhummt“uwbyhfwfw

14,901,600 he_sewed lond
15.087 900 ha arshie lpowl
3 shows thet in 3 very short period the botween Polish
nd hat of the moet M:hnm
of NI “w nitrogen, was comsidersbly

. .um.-w-vdmum per hectare — the con-
ventiorsl lower limit of vavy contunption — is sxpectarl %o be reached.
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Exports of nitrogenous fertitizers

in the early 1960 Poland imported certain compiementary amounts
oi mtrogenous tertihzers, ahout 15000 tons per year N, but the growth
ot domeshic production made 1t possible to start exporting by 1967 In
1971 exports had reached a frgure of 320,000 tons of mitrogen The pro-
ducts went to the Far Easi and the Middie East and aiso to Western
turope It v planned to maintain nitrogen tertilizer exports at about the
present level The me.n products exported are urea, AN, CAN, ammoenium
sulphate and 4 certain amount ot ammonium phosphate. CAN may also
be supplied with a nitrogen cor tent that ditfers from the dontestic stan-
dard e 25 per cent, if wished. by the customer

The exported tertilizer is in principle packed as for the domestic
market 1n plastic bags of 50 kg net When needed, it may also he packed
mto additional jute bags

Fertihizers we currently transported to European countries by tran,
but 1 the near future 1t will he possible to ship fertilizers by barges
within the hounds of the European nland navigation system

The domestic retail trade prices shown in table 4 are in . ty/1000 kg.

Table 4. Domestic prices of nitrogenous fertiliner

T,V_Ef_,“_‘_le_"'.‘lff_'l Percentage N packaging (!my 1060 l_t!
Calcum an me vum nitrate 25 PE bags 2,3%0
Ammnorium nitrate 11 Pt bags 2,820
Ammoniunt nitrate 145 PE bags 2,900
Urea 4 1 PE bags 1,650
Calc um nitrate 155 paper bags 2,050
Sodium nitrate 155 paper bags 1,900
Ammonium sulphate 205 butk 1.300
Agqueous ammonta 20 harrel 900

When fertilizers are bought outside the season for their use, the
purchaser gets a discount of from 5 to 13 per cent, depending on the
nme and the kind ot fertilizer

Fmdaehmcmﬁmmmhnadcm

The planned production and consumntion figures for nitrogenous
tertilizers 10 1980, and the forecast for 1990, are

Year Producion Corsumption
19, 157,000 ¢t N 1,250,000 t N
1980 1,700,000 t N 1,500,000 ¢ N
1990 2,200,000 + N 2,000,000 + N

These figures will mean a nitrogen consumption, kg/ha, of -

_Year Ky/ha arable land
1975 8s.3
1980 100.0
1990 1333

For the purpose of comparison, the figures for P-Os and KsO com-
wimpion are shown helow in thousand meteic tons

Yo i X0
re73 1.000 1,550
1980 1,250 1.7%
190 1M 2,09




i i e

The torecast tor the total and per nedtare (onsumption ot NPK
is then

Year Total kg ha arable iand

1975 3,800,000 RER R

1980 4.500,000 00

1990 5.712.000 HO B
TURKEY

Gungor Cankara

Production

The main Lorporations proc  ing fertihizer in Turkey are

a) Turkish Nitrogen Indus s Inc, which produces nitrogen- and
phosphorus-based fertilizers

b) Fertilizer Plants inc, v _h produces phosphorus-based fertilizers |

<) Mediteiranean Fertili;  Industries Inc, whick produces nitrogen-
and phosphorus- based fertili

d) Karabiik Steel- tror dustres Inc . which produces mitrogen and
phosphorus- based fertilizer:

The amount of various fertilizers produced by the plants of these
companies are

a) Tarkish Nivegen Industries Inc.
I Kitahya
Ammonium sulphate — 21 per cent N 80,000 tons per year

Ammonium nitrate — 20.5 per cent N 60,000 tons per yea:
Ammonium nitrate — 26 per cent N 133,000 tons per year

H. Samsun

Triple supsiphosphate (TSP) 18460, 45 per cent P:0Os 220,000
tons per year
or Diammonium phosphate 139,500 tons er year

"t Flacwg
Normal superphosphate - 18 per cent PaOs 220,000 tons per year

b Portillany Plants due.

\. skenderun
Triple superphosphate (TSP} — 43—43 per cent PrOs 100,000 tons
per year
H. Yarimca

Normel superphasphate — 16— 18 per cent PyOs 100,000 tons per yesr
. Maditeveanoen Fortilizer Indusivies inc.
Ammuniom nitsate — 26 per cot N S0B.000 torne per year

Disssnonivm phouphete 18—46—) 130,000 1one per year |

W, K bes-Siuel kit .

Ammonive wighste «~ 11 sar cont N 4500 tens por yeer '

Single superphosghats — 1608 por cant MOs 22,000 tons por yeor ,
Y
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Consumption

P vodection aad comsumption ar tertdizer e Turkey  since
IR} M
A Prowfucbion 1O tons pen L ear fartspmpition S TOND Tons e avar
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Con o4 o 148 ey
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Fertilizer plants

kotahya This comp.ox s located in central Aratolia. It 15 accessible
o ol and road Production consists mainly  of ammonia,  mitric aad
and  <alt

The "ollowing tertilizers are produced in the Kutahya plants -~ ammo-
nam oatrate, 205 per cent N, by the BASF process ; ammonia hy the
Haber-Bosch method . and ammonium sulphate, 21 per cent N produced
by the prilling method of Kaltenbach The necessary ammonia is manufac-
tured by the (asale method

Samsun  This complex 15 located on the central Black Sea coast
It 15 accessible by sea and road Tbe phosphoric acid and triple super-
phosphate or DAP plants are s major sections. The SIAPE-Chemiebau
process s usea to produce the TSP, and DAP can he manufactured by
the Chemiebau Olin process

flazig This plant 1s located in the south-east part of Anatolia. It
15 accessible by rail and road The acidification and granulation units are
the major parts of the plant The process used is Industrial Export, and the
Muonts reactor s emploved

Iskenderun  This plant 1s located on the eastein coast of the Medi-
terranean Sea. It 1s accessible by rail, sea an/l road TSP is produced by
the Broadfield-Den metbod

Yarimea This plant « located on the south-eastern coast of the

Marmara Sea. 1t 15 accessihle by rail, sea and! road. SSP 1s produced by the
Rroadtield-Den method.

Mervun This complex 1s located on the eastern coast of the Madi-
terranean Sea It s accessible hy rail, sea and 10ad. The phosphoric, nitric
ana sulphunie acd plants and DAP and ammonium nitrate plants form its
major sections.

karabuk This complex 1s located in the north-western part of central
Anatolia It i+ accessible by rall and road. The ammonia in the coke-oven
gas obtained trom the coke plant of this complex is treated with sulphuric
acid in 3 <emi-direct method to produce ammonium sulphate, with 21
per cent N, as a by-product. SSP with 16--18 per cent P20s, is also pro-
duced, using the Maxwell method

Raw materials

The main raw materials of the fertilizer industry are coal, naphtha,
fuel oil, smelter gases, phosphate and sulphur-containing ores. Arnmonia,
and nitric, sulphuric and phosphoric acids are obtained from these raw
matenals and then converied to various fertilizer products.

Sulphuric acid. It 1s estimated that 45,000 tons of sulphuric acid
were consumed (nther than by fertilizer industries) in 1972. The following
plants, currently manufacture sulphuric acid :

Karabuk has an annual production of 20,000 tons. The acid is pro-
duced in pyrites roasters and is sold to the market.
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Murgul Copper Complex has an annual production of 20006 tons
the aad 1« produced trom smelter gases and s sold to the market

The Sansun sulphunie acud ued, which s a part of the ISP plarts,
dses pyrites roasters and has a capacity ot 215,000 tons per year

the Bandirma sulphuric acd plant uses pyntes masters and has a
capacity ot 120000 tons per year

The Merun sulphurtc aad plant. which will have a
214,500 tons per year, 15 abcut the commence production

capacity  of

Small amounts o« Iphuaric acid are also produced in the Flmadag
and Yarimca plants

Pyrites, sulphuwious and smelter gases are used to manufacture sul-
phuric acid.

Pynites production Sulphus production

Year o Mene L ons
1970 88 592 26,760
1969 124,367 25700
1968 130,057 24,180
1967 125010 25,030
1966 120622 22,650

The future of the fertilizer industry
Estimated rroduction

The new plaits in the 1971-—1972 investment programme are the
ammonia-urea plant of the Turkish Petroleum Company, the ammonium
nitrate (Gemlik) and the DAP (Samsun) plants of Turkish Nitrogen tndus-
tries, and new sections of the Yarimca and Iskenderun plants of Fertilizer
Plants Inc. 8y-product ammonium sulphate will be manufactured by the
Turkish Petrochemical Industries caprolactam project. Bandirma Fertilizer
Industries is in the process of erecting a single superphosphate plant in
Bandirma.

The capacities of the plants being planned and built are

Designed
capacity
(1000 ions Year of
Company Fertilizer _per_year} _erection
Turkish Petroleum Urca, 4603 N 360 1972—1974
Turkish Nitrogen Ammonium nitrate,
industries (Gemiik) 280/ N 600 19721974
Tuviish Nitrogen DAP 18-46-0 220 1971—1973
Fertilizer Plants
(Yarimca) TSP, 450/, POy 200 1971-—1973
Fertilizer Plants
(iskenderun) TSP, 450/ POy 200 1971—1973
Turkish Petrochemical  Ammonium sulphate,
{Caprolactam) 21/ N 100 1972—1974
Ponciorna Partilizer NSP, 1004 POy 200 1$70—1971




I ~imated tertiizers consumpiion an velecled vyears to 1982 are in
1ok foaas

oo ot et e I M- 1982
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MAIN PROBLEMS IN THE FERTILIZER INDUSTRY

KAV MATERIALS

some problems have ansen n obtaining pyrites, rhosphate rock
dandammonid

PRICE COST PROBEEM

The prce of terulizer s especialy atfected by two factors - the
(ol o1 the fertilizers and the distribution charges.

The cost of raw matenals 1s the iargest item in the overall cost of
the tertihzer. The distribution charge is about 20 per cent of the plant
dehvery price

PRODUCTION OF THE BEST FERTILIZERS FOR TURKISH SO

The (ombmation of mtrogen - and phosphorus-based tertilizers
has given good results for most of the crops harvested in Turkey. with
respect to compound fertilizers some detailed work is being done under
the third Five year Development Plan.

SPARE PARTS

Gnce the existing plants and the plants under construction use
manty imported machinery and apnaratus  a major problem is the avai-
labifity of sufficient spare puiis as needed.

QUALIFIED WORKERS

To find and keep experienced and qualified employees has been a
werious problem, especially for corporations with low capital retumn such
as Government-owned fertilizer companies.

The courses given to train workers have not heen sufficient to meet
the demand, and exodus of qualified workers to West-European countries
has aggravated the problem.

YUGOSLAVIA

Anton Vizovisek

The possibility of exploiting a domestic deposit of phosphate ore
is being investigated in Yugoslavia but the results so far obtained are not
very promising.

All of the potassium lertilizer used — about 200,000 tons per year

is imported.
Urea is produced at Pancevo and Kutina in plants with a capacity
of 100,000 tons per year each.
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The nationai capacity tor manutacture ot phosphoric acid 1< about
160,000 tons per year acid, and tor complex tertibizers, abont 14 mithon
tons per year product.

Consumption n 1971 was estimated at 300,000 tons N nd 220,000
tons P20)s. The average con imption 1< still low about 81 kg/ha | and
producers must begin to conuder the specitic needs of terme n therr
owr localities.

Soils i Yugosiavia tend to need more phosphorus and somewhat
more potassium than they are receving, and the inteniion v 1o increase
the rates of apphcation of these two nutrients while mamtaining  the
nitrogen rate at about ity present level

The production and use of hquid tertiizers are being studied. The
research is partly sponsored by the pesticide incustry, which is interested,
for example, in tank mixtures for the simultaneous application of ferti-
lizer and pesticide. At present there is no industrial production oi hquid
fertilizers in Yugoslavia.
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Part three
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Vi. PAPERS SUBMITTED BY CONSULTANTS

GRANULAR PESTICIDES

Otto Zeiser ")

Granules are becoming of great amportance i dustry . agriculture
and other areas ot our Wfe. Granules may be used to improve storage and
transport stability, to provide <impler use and better results This holds
true for instant milk powder, fertilizers and encapsulated seeds

Granulated pesticides have gained importance only in recent years
but are now being used more and more extensively

Many problems can be more efficiently resolved with the ad of
granulated pesticides. In this paper, the following aspects of granular pes-
ticides are discussed

- general characteristics

- formulation nrocesses
- application

-~ residues and toxicity hazards

Granules are mixtures of an active compound and inert matte,. Ther
particle size ranges between hundreds and several thousand microns. In
many cases, surfactants are absent. Stabilizers and binders are common
adjuvants, There is no standard operation for producing granules. Some
active material may need a particular carrier composition to combine
mechanical and chemical stability with good field performance.

Often granular pesticides are difficult to formulate. Much effort
and time are needed before being marketable. Sometiines there is no
problem at all.

The best known formulation method 1s impregnation, which is a
simple operation with a large output and low investments.

Other methods are agglomeration to form bentonite granules, com-
action which may become of greater impcrtance in tha future, but needs
arge investments and extrusion which is feasible for a few com-
pounds only.

Some recent developments include microencapsulation. In the United
States, microencapsulated methylparathion was field tested n a large
scale during the summer of 1972.

Microgranules wili find a limited application.

General characteristics

The following characteristics of granular pesticiges should be deter-
mined : specific gravity or buk density, the number of particles per
gram, water content, moisture uptake, swelling capacity with water, abra-
sion and dust formation.

The m~st obvious characteristic is particle size, which is defined by
dry-sieve andlysis with standard sieves (table 1). Granular formulations have
a characteristic particle-size distribution. The narrower the particle-size
renge, the more uniform t e coverage.

%} AMONN Fhochimics 5p.A. Boleeno, Raly.




Table 1 Particle size characlerisiics

N ragder et le /e Vo ed ma i
RIS deviahion
Yot LR may o o Ly oo
A ITRITR PRSI TN [EL TR N 0o dost
TR YR NNT N x5 @ 0 cron
S N RATRERY PR T N ey st
Do content et be onmized o gocutes because ot dott toxd
Con hasards and danger ot overdosage Dust s deined by a pathicle size

cotler than 30 mucons United States Department ot Agnicalture allow
no mene than o pet cent hines smaller than 250 microns

Recently miciogranules with particles between 100 and 200 microns
were proposed tor special apphcations Microgranules should not contain
particdes below 40 microns Microencapsulated hauids may be as fine
das o microns

There s a sigmiicant ditterence between ;wsmt('M dust microgra-
nules, granules and macrogranules when the same active maternal s
apphed at the same dose per surlace drea In most cases the wvarious
lommulations have the common  chanictenstic that they act by vapori-
sahon, aqueous soluton or both

Usually 0o surtace active compe ind are incorporated in - pesticide
ganules  In ettect. this distinguishes thery from wettable, water-disper-
wble powders

Granules can be spherical, but they are mostly non-spherical and
ammmetrically shaped The dstribution of active material within or on
the gianules may be homogeneous or heterogeneous depending or the
lormulation process The compaction of mixed powders gives evenly dis-
trbuted active compounds

The impregnation of sorptive carriers with liquid or liquidized pes-
hades occur less evenly  In this case, the sorptive carrier can have a
high 1nes tace This inner surface is given by the porosity and diameter
of mictoscope The mner surface is dependent of particle size. The sorpiive

~

Cipacity of common pesticide carriers and diluents are given in table 2.

On non-sotsine granules such as ferulizers, reasonable amounts of
pesticide can be depusited with binders. This deposit is sometimes easily
heaced ot hy ahrasion and gives a dust of high active-material content.

Table 2. Sorptive capacity

Amount of water spacific surface
raken up 10 the {waier sorption
Butk density wet flow point technique)
1 A . N
Tale 04 06 100--128 18158
\ica 05 110 26
Betanicals 02 -04 1.70—452 —
1401850
MontmaoriHonite
Lroup 04—06 8.00-8.53 b 294--1397
Auapulgite 0.32-05 —= 120140
Synthetic S10), 020025 255 210

ar No swelling
bl Swelling

Source : Handbook of insecticide carriers
Coating with oily layers, films of plastics or pigments is therefore
farly often exercised, if necessary, in combination with natural or synthe-

tc gums. Such layers encapsulate or iather cover granuler, giving them
more mechanical stability for transport and graded release after application.

100




In some cases af may be desrable 1o imtate the disiniegration o
the ganules soon atter appheabon This can he achieved with swelling
carners, <icko as bhentonite AWhen maistened by ram or n comtdot with
wel soilespecally o some werting agent s present sawelling hentonte
dispnteg:ates pesticide granulies

New fechniques are st bemy ovented, as the possibidities 1o ¢ on
trolhag the charactenstios o granuies have ot bheen exhausced

T oblam o good product the tomualator has 1o conander the  he
mecal and phyacad properties of the aoive matesal espeoatly <olnbahin
water  stabdiy to o Bydeolv e calatan, rum[ml")ill, Ah e )
the adsorption and decomposanon i ol

Close co-operation with the agronomist s advicable  Environment
and climate can signihicantly attect the performance i regaid 1o crop
and pests

Intensne Held trials give indhications about the active mateaal 1o be
used Quabty and quantines should be based on practical results

Formulation processes

Once the formula 15 elaborated, greater quanthies have to he pro-
duced It is not always easy to obtain stable granules economically

Economic factors to be considered are costs and availability of inert
matenial, quantities to be produced within a given period and quantities
to be produced in the future. These factors determine the capacity and
degree of automation of the installation and the capital investment
Personnel has to be trained, and the maintenance group must be equipped
Production costs have to be calculated.

A short description of the formulation processes follows

A. IMPREGNATION

Impregnation is ahsorption ot hquid or liquidized pesticides in pre-
formod, sorptive granules. The sorptivity of the carrier gives the percen-
tage of liquid matter that can be absorbed.

if the pesticide is a solid, it can be dissolved in non-volatile sol-
vents. A dispersion of finely ground pesticides can also be sprayed on inert
granules. In most cases, impregnation leads to good results. This method
should therefore always be considered tirst

The properties and performance of impregnated granules depend
Gh the inert carnier.

Organic carriers include wood flour, ground tobacco stems, maize
cobs, coffec grounds, walnut shell flour and other sorptives. The wastes
from polymer manufacture can also be used.

Inorganic carriers include granuiar clay, especially of the mont-
morillonite group. Bentonite, attapulgite and sepiolite are well known
INOrganic carriers.

Other inert carrie:s are pumice which is highly sorptive, but also
abrasive, calcined diatomite and granulated fertilizer. The choice of a good
carrier 's often difficuit.

Pesticides can be decomposed by the carrier, particularly by clays.
On the large inner surfoce are active sites, where pesticides may be
adsorbed and decomposed catalytically. Spontaneous decomposition is
possible and can iead to ignition.

it is possible to inactivate these sites with urea, hexamethylene
tetramine or glycols. Granules are impregnated with a few percent of
deactivrtor prior to imp . Tall oil may be applied as a stabilizer
with the active mﬁm may not always be necessary,
but it deserves attention.

101




Studies on the compatibiity ot carner and pesticide are  essentiai
These can be done by tormulatng the product with well defined corncen:
tfrabiors The granules are stored at elevated temperatures dunng a given
hme Al otenais. the product s analysed chemically to determine chan
ves in the actne matenal content 1t no agnihcant decompositon  atler
1 tew month at 50 C o noticeable the formuolation  can be  cons
dered  <tahle

A hetter indication. however  should be given by soiage under
practical condibons 1t s always the pertormance in the held that gives
the hinal answ et

The impregnation pincess atselt o no- geat problem In the labo-
Citony ath type of rotary blender equimped with an njector @an be used

Relable results concerning  dust tormation can be obtained only
by using mixers of at least 200 i capaaty. Dust tormation is nften
4 problem

Lintroatedd  hentanite grarrules may have 2 favourable particle size
Getnbution as shown an figure | However, their stabiity s trequently not
adequate and the tiearment required s 100 tough. so that the impregnated
;‘J.I““U‘.(‘\ Mds o oo ”‘U(h hines

Berntornse #/30
Untreoted

ntreared '—T I egrci 20
ﬂ

W—?’M B

Py hct sre peroenrope

mm:\i E:mmlmrm e | @} 2 avinsi 78 »
oor

o0 N et % % W X A WIS AWM

Lyrpele sze w7 mwres
Tigure 1. Particle size distribution of bantor'te granules

Active material is sprayed at a pressure of 3—5 atin with full cone
nozzles. This may be done by pumpirg with a gesr punp or with air
nressure from a pressure vessel.

With a concrete mixer of 3—5 m?, one can obtain good results up
10 2 ton/batch operation. But any other rotating drum, tumbler or not,
is good for impregnatior, if injection of the liquid compound is possible.
A flow sheet is given in tigure i1.

If inert granules are transported with a screw conveyor at a constant
rate, continuous impregnation is possible. The liquid is injected into the by
passing granules. This installation can be fully automated. A plant cost
estimate baced on the autohr’s experiences is given in table 3 where a batch
operation with 500 ton per year output is compared with a semi-automatic
and a fully automated installation. Labour is calculated at § Vhour. Amor-
Lization is made in ten years. Capital costs are calculated with 5 par
cent over this period. Direct and indirect costs may be different.

Simple and appropriate installations give the best results and not
highly sophisticated equipment.
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Mast important s capacity  Fach installation by or optimum apa-
Oty 1tas always a probiem (o determine and te reach thic optimam
No instaliation can be used with tull foad ' vear round

Figure 1. Impregnation of granule .. flow sheet

Opelation costs for granules in a well-balanced installation are not
greater than costs for a wettable powd:r formulation, but whereas inert
carriers for wettable powders cost § 10—4(ston, the inert carriers for
granules cost § 40--R0‘ton. The use oi organic carriers mav possibly
reduce mater al costs Higher material costs are balanced b lower appli-
cation costs.

Tabie 3. Cost calculation [ar impregnation

Semi-wuto-
Butch mated Automated

Capital invested 30,000 § 50000 § 200,000 §
Daily output tons 8 tons 40 1uns
Number of workers 4 7

VG finished product per working hour 300 750

Yaarly output, max. 1,000 10,000

Yearty output, eff. 500 500 5.000

Operagion cost per ton 20,000:/500 30,000 3,000
Amortisation 10 years within 40.0 67
Ivarest 5 pet cemt of iwested capital X 200 33
Clirect woges 40 40
Direct costs 30 200 200
indirect coats 50 . 5.6 50

Totsl per ton : 540 ; 89.0 390

8. AGGLOMERATION

anﬁm of finely divided and well-mixed powde:s is effecied
and siimultaneously moistening the powder with 5--25 per cent

by
water. The percentags of water on the materia! and blender
chamcteristics. Yhe amount of water, tinie empersture, the f revo-
Mwh?edwmbmm?m m&ggk)-
Rtion process M usod for zers, baits inert
bantoniie gracules igure 14, :

- Granules wwist be dvied, sifted, crushed sri agaiv sifted. Fines must
k- rmcycled. A
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Pesticide granules need binders A tew percent of gninculphonate

Mgy suttice to minmize dusting

in this provess water has 1o be evapoiated al elevated temperatures
floe may cause decompostion ol achive matental  Operation costs are
attected] considerably

Ap’bmodm
/ Ovoler
& Trymy
' /
Déve
Rofory win éq
Gromrtes

Figure 1. Agglomeration flow sheet

In this connexion ! have to mertion a new formulation method desig-
ned by Diamond-Alkah researchers to provide controlled releatk of the
active materials Grancles are formed by using mixtures of gypsum and
ammonium or aluminium sulphate as a carrier composition. In the pre-
sence of 5—30 per cent pesticide the mixture is rotated and wetted to
agglomerate granules. -

Gypsum and ammonium sulphate in the presence of water give stable
adducts, contaning chemically bound water, so the granules can be dried
atl low temperatures.

C. COMPACTION »

Compaction 1s accomplished by passing a moist mixture of powders
thiough steel rolls. The powoer is compacted under enorv.cus pressures,
whereby temperatures of B0"C and more are reached, thus evaporating
most of the water

With fertilizers and with matter of some plasticity, rather dense
granules can be obtained after disintegrating the compacted sheets.

For pesticides binders are needed.

Care must be taken that the powder to be compacted does not
contain excessive amounts of air. The powder must be deaerated hefore
compaction. This can be a problem. Controlled disintegration of the com-
pacted sheets followed by sifting out the needed fractions gives 80 per
cent fairly firm, irregularly shaped granules. They may be coated afterwards
for better resistance to abrasion during transport and handling (figure V).

This procedure lends itself to controlled release, because different
effects can be built in. The process as such is complex and needs
investment of capital. The process is feasible with an output of ¥
tons per year.
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1 EXTRUSION

Extrusion s pertormed by presang a pasty mass through small ope-
mngs Al osallaing rolls can pass over a weve, thus extruding the
materal A rotating knite cuts the threads in small peces. 5 per cent
metatdebvde ath organic tillers gives macrogranules for baits  without
diving  Untortunately all other tormutations need  an  expensive drying
Mocess  Carness such oas hentorte tonm thixotropic masses. but they need
Rreat quantities ot water 20 per cent or more water has to be sed
-nd - evaporated  Dolomite as carmer would need only 5 per cent water. '
This fact diustiates the umpartance of properly selected carners.

I Japan extiasion s a common process, may be because paddies
need veny slable gianules  may be because bentonite is avaitable and
energy s cheap This process o only possible with stable, non-volatile
pesticides

t MICROENCAPSULATION

Microencapsulation ot liquids to torm granules with all the characte-
ristics ot dry matter 15 a most important process. Pesticides ar~ not yet
encapsulated on a large scale thgures V, Vi

Encapsulation may be achieved by

phase separation by coacervation
interfacial reactions hy polymenization of monomers
physical methods such as spray coating in a fluidized bed. |

Pennwalt encapsulates methylparathion. Particle size will be 10—40
microns but it 1s possible to make finer or (oarser capsule< 1o assure the
desired rate of toxicant release.

P
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Figure V. Microencapsulation B4 coacervation

COACERVATION 15 the method most commonly wsed to form microcipssie
Initilly the care material to be encapsulated (the internal phese, dupicted as grey spheres)
exists ac a dispersion suspended in a liquid (the vehicle phase, in pele coloun in which
it must be immiscible. A wall material, s as th, |
the dispercion medium or actualty dissolved i it {shis, the external phase, is therefore
not visually evident in the first ilfustration). To indisce coscervetion the tempers! s, pht
or composition of the system is changed in some significant and carefully conryled way.
The wall material comes out of solution (s the coacervate, shown in deep coloud ami
eventually aggregates around the core particles to form continuous encipsuisting wills.
These are then hardened.

t
2
1
3
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Figure VI. Microencapsulation with mechanical methods

MECHANICAL METHODS of encapsulation are preferred  for somie  systems  and
research into these techniques is very active. in the modified fluidized bed method (left)
ar is pumped vertically up through a dense fluid bed of core particles. The latter, which
be either solid or liquid, constantly circulate and are blown upwards at high speed

2 tapering cone. Wall material is deposited on the relatvely widely separated

parti above this cone. Centrifugal encapsulition follows a principle patented by the
US Southwest Research institute (right). Wall material is fed to the inside of a spinning

drum and escapes through fine peripheral holes. Care particles are flung from rotating

disc and build up on the wall mmﬁ:ne over eich escape hole. When enough core has

at one hole centrifugal force causes it to distend the wall membrane through

hoie and tear it away to form a microcapsule, which then drops into the hardening

bath. The hole is immediately re-covered by fresh wall membrane and the process
continues.

Mire is experimentally encapsulated by NCR as baits for fire ants
while Pennwalt is encapsulating  disparlure, the isolated sex attractani
of the gypsy moth.

Formulation costs for this process are very high and at the momeni
there are only a few comparies specialized in this technique.

F. MICROGRANULES
Microgranules were developed to apply herbicides of the hormone
group with lesser costs and reduced dri‘fspMicrosranules are highly con-
centrated granules with application rates of 5—10 kg/ha.
Application

granules is chaudper and simpler than convention.
sccount manpower, machinery and main




lo achieve pest and weed contiol. T 10 kg'ha ot well chosen mate-
nal has to be deposited i paedetermined locations This may be a spot,

row oc even spread  preatment spot treatments  are made with a tube
cquipped with o smiple dosage device o by hand  Band treatments may
he made with doli machines o with one oi several devices in use | the

best apphcation machinen works by pneumaac distrabution An air stream
carnes @ continuous jet ot particles 1o bands o1 200 200 an widih. These
preumatic distnibutors are also good for overall treatments

Ovenall treatment can dlso he made with tertibizer  distributors it
they are calibrated exactlv The problem in this case 15 exactness  terti-
lizers are used with 1000 kg/ha and more it 1s not cntical it some rows
are treated twice Herbiades are apphed at rates of 30--100 kg/ha. An
averdose may mean a heavy los or compiete kill oi the Gop

Dritt 15 no problem w h corventional granules. Table 4 demonstrates
dntt measured tor dichlobeml granules at various wind velocities. With
microgranutes drift could be a problem and there should be no wind
during apphcation Granules can be easily mixed with other granules if
they ?ﬁave the same size range and the same specific gravity. Otherwise
there may be separation problem..

Table 4. Drift of dichlobeni! granules at various wind velocities

— Dnft in cm —
Wind in meters/sec 05 1.2 2 5
fFall height in cm 20-—40~-60 204060 20—-40—60 20--40—60
Granules 025-0.5 mm 15 15 4 2 2 B85 4 8 16 85 29 %0
Size 05-1 mm 1 15 3 15 15 4 3 45 9 6 16 3

The distribution pattern is characteristic for only one specific gra-
nule. Calibration should be made for every new formulation.

Granules are used for soil, plant or water treatment. Application in
soil involves & combination of different factors : type of soil, structure,
mitrient status, micro-organisms, water content, temperature and many
others

Fumigants when granulated (e.g. Nemagon) are easier to use. Granu-
lated Dazomet releases the toxic gaseous methylisothiocyanate slowly.
Application is easier decause there is .0 drift of dust. Nematocides are
otter highly toxic compounds. Application of granules lowers toxicity
hazards. Aldicarb absorbed on an organic carrier, coated and containing a
warning odor gives excellent results and is easy to apply.

Soil insects such as wire worms, rootworms and cutworms are well
controlled with aldrin granules. The carrier may be a fertilizer. Resldues
with aldrin are becoming a problem, so less persistent insecticides should
be used. The problem is that most of the substitute compounds are decom-
posed by hydrolysis or by biodegradation befyre they can act.

Granulation controls release, rate of hydrolysis and biodegradation,
which also depend on temperature, acidity, movement, aeration, rate
of application and amount of water.

Decomposition in soil was studied by many authors. P. T. Walker
gives a good survey in volume 40 of Residue Reviews. Paiathion, ap;lied
at 5 xg/ha may be 70 per cent decomposed after 12 days (E.P. Lichtenstein
|. tcon. Entom. 57, 618—627, 1964). In Mediterranean climates this may
be as long as six weeks. Depending on inseci. species considered and time
of application, this period may be enough to give sufficient control from
ten weeks to a full season. There is a number uf phosphorus compounds
which persists up to 6 months in soil ; fensulfothion, trichloronate, chlor-
fenvinfor, but these compounds are rather expensive. So it is of great
interest to find improved fermulation and applications for parathion g~
nules which are relatively cheap. Fungicides such as fquintozene can be
phvtotoxic to some crops. Granulation with controlled relesse soives this
problem. ‘
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Applications on plants gIve possibilities tor «elective effedts In cereals
broadleated weeds are treated with 24- 1), MCPA and amilal wwmpounds
With conventional <pray techriques drift v a problem, cspecially 1t vire-

yards are nearby M rogranules applied a1t 5 10 kg ha adhere on broad-
leated weeds hetter than oo coreals and grasses
blem than with ¢ onventional sprays

Convennonal granules would not adhere, but tall on 10 the soil The
pestiude penetrates through the upper soil lay  and rinally reaches the
oot systems. Results may be quite ditferent as compared with microgra-
nules of the same pesticide

Corn borer control s possible with carbaryl granules, hecause gra-
nules mainly fall and collect in the leaf sheath ot corn, where the borers
attack. With rain or dew small amounts ot carbzan | are dissolved, sufti-
aent to control the corn borer.

Controlling pests in water is often a problem 1t they live on the
bottom of canals, lakes, paddies. With granules 1\ is possible 10 reach
them. Development of submerged weed may be controlled with herbicides
such as dichlobenil. For example, a canal of 10 m width js treated with
two applicators on the embankements. It is possible to treat 3—5 km/hour.
The same results may be obtained with treatments from a boat

The highest concentration of pesticide in water is given by its solu-
bility. Pesticides with high water solubility must be carefully applied, Since
pesticides are absorbed bv plants and plankton, accumulation in fish is
possible, even if the solubility in water is not high.

Deft s alsy loss g pro-

Residues and toxicity hazards

Residue problems and toxicological hazards are connected with
various characteristics of the particular pesticide and not only its intrin-
sic toxicity.

By l’Iormula\ting hazardous pesticides in a granular form it is 10 a
limited extent possible to keep unwanted side effects somewhat under
control. But one cannot possibly expect to eliminate hazards completely.

Theoretically, a compound that would decompose easily can be
encapsulated s, that it wilrﬂpermanently remain within the wail and thus
never become active.

In practice there are factors that bring about changes at the sur-
face of the capsules. Humidity, temperature and micro-organisms are such
factors, thus the encapsulated toxicant will not always be released at the
same rate,

In discussion, Dr. Zeiser said that prospects for expansion of gra.

nulated fungicide consumption seem to be best for soil insecticides and
systemic fungicides.

Best carriers for organophosphorus insecticides are probably corn

cobs, where are cheap, aithough are not really dense enough
for easy distrfbt?::iyon, and bentonite, #h they ¢

One of the participants sugfested that the reasons for the siow
growth of granule use lle in di

culties of production, particularly the
18ty sspect, and application. The rate of application of a pesticide is

more critical than that of a fonmzerwfm example. Yugoslay expe-
" on pesticide application are current concemed with micro-gra-
nules, and hore again application equipment is the main meblom.' s




Vil. COUNTRY PAPERS

BULGARIA

Stojan Gantandpey

Bulgaria 1n a country of mtensive agiiculture, distinguished by the
vartety of planis grown Thus plant protection requires the application of
a comparatively large number of pesticides.

In companison with other branches of industry, pesticide produc-
non 15 not well developed. The chemical industry produces fungicides and
«wome herbicides At present, insecticide production is chiefly based on
the impornaton ot active substances, which are formulated into agricul-
tural chemicals suitable for application. Part of the demand is met through
imports  trom countries that are members of the Council for Mutual
Fconomic Assstance and trom some Western European countries. At the
same time Bulgaria supplies many countries with the fungicide ,Perozin®,
based on zineb

some of the problems of the industry arise because a great variety
of pesticides must be applied but only in small quantities. International
speciahization and regional cooperation help to overcome such difficulties.

Another problem 1s to secure an adequate supply of raw materials,
which cannot ali be easily supplied from the domestic resources of a
«mall country. Difficulties also anse because pests may develop resistance
to certain pesacides and therefore new product varieties must be applied.

The industry faces problems of industrial hygiene since most pesti-
cides are to some extent toxic to man.

Standards of medical supervision of workers in the pesticide indus-
try are high in Bulgaria. Some plants whose waste products have been
polluting rvers or lakes face the great expense of constructing purifica-
tion facilities.

To overcome some of these difficulties, Bulgaria has chosen to
import the active ingredients of many pesticides and to produce domes-
tcally only their final formulations. The purchase price of the active
cubstances is crucial, since it determines whether domestic formulation
wiil be profitable or not.

Other problems concern (2) the production of highly concentrated
weltable powders from active substances having a comparatively low
melting point; (b) the formulation of cm for low-volume and
ultra low-volume spraying ; and (c) the p ion of agricultural chemi-
cals in the form of small granules. The problems of as a whole,
including the use and reuse of rathe: cheap and of high quality packaging
material, must also be considered.

A point of interest for Bulgarian industry is the potential of universel
(multi-purpose) installations or plants. These facilities allow, by means of
small adaptations, the production of several alternative agricuitural che-
micals of similar technology.

Regulations conceming industrial safety in Bulgaria ere '
However the level of automation that secures a high W n
the work is not economically feasible for small enterprises. This is another
problem to be <olved.
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CYPRUS

lohn P Zyngas

Introduction

Cyprus s the longest sland in the Lastern Mediterranean but only
the third largest in the Mediterranean Sea tts area 1s 3.572 square miles
the extreme length is 140 miles and its greatest width i1s 60 miles The
highest mountain 1s Troodos at 6,400 ft above sea level The climate s
of mild Mediterranean type. Summers are hot, especially on the plain with
maximum at about 36--38 C, while the winters are relative mila

Tweniy-thiee per cent of the cultivated area is irrigated.

The main crops are citrus {oranges, grapefruit, lemons, etc ), potatoes.

Brapes (wines), carobs, vegetables (carrots, tomatoes, cucumbers, etc ),
olives, etc.

Table 1. Area, production and exports of the main crops (1970)

Area, Production, Exports
donums tons tons

12,000 922 —
(dry year)

125,500 10,291 -— —_
80,000 208,280 161919 6,517,241
11,000 700 1,474 515,705

(included
stock)
72,000 — _
182,880 10,360 1,217,384
5.000 6,404 42323

— -— 1,400,000

864,000
3,683,49
1,630,392
1,792,573

Mpmacﬁoain(?ynm

One of the main factors for the increase of production and the
improvement of the m?uality of the agricultural products is the protection
t and disease.

of crops from pes
am was initiated in 1965 by the
mmrm to use the measures
nd disease. 'pmg.r:minduded issue of sub-
usters (1965-—1968), issue of pesticides for collec-

educational ) | th
; Wﬁfﬁ
university graduates at the Head-
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St negect ed spechoativ awath the plant quaranine implemeniation
COthe anportation o Produce Controb Oders 19571965 under the Plant
Provention Law  General Pests and Diseases Camp. gns dlocust, rats, stink
By bonets et demonstrations, collective sprayings plant protechon
Duivhion eatiets bulletns press adho IV biologial contiol, potato

wed cemhitcation control of nsedts e stored  products. agncoltmal cne:
mecats agucuttual aviation beckeepng et

The role of pesticides

Pesticides have heen used extensively in Cypros 1or the last 8--9
vears The whole quantiy ot pestcides used i+ imported and most ol
them are used m the ame tormulation m which they are imported
Certain pestivdes espeonlly dnss wettable nowders and cereal weed-
killers are imported i concentrated form, and are formulated and packed
At lower roncentration in Cyprus

Tahles 2 and 3 show the quantities of pesticides imported for the

past four vears

Table 2. The annual import of pesticides into Cyprus (19%8-—1971)

1968 19649 1970 - 1971

Commodies  Quantty, Value Quantih - Value,  Quantity  Value,  Quantity, v,
w1 [ CWT £ CWT 4 ) £

26316 225264 29905 227427 19976 234322 18,003 261,848

Inseciades

fungicides 16891 37,681 293 37.756 6,498 79,583 5.224 65,642
Weedicides 1599 2696 "0 198,668 1632 50,993 6,783 500,950
Disinfectants 161 1073 2024 14520 280 15.950 2,338 21,%7
Onhers 1180 1589 1,844 331104 1,661 52,510 4,057 266,328

Total 34,347 :Hboll 43727 711475 14508 433,358 36,405 1,115,076

(WT = 40 okes (112 Ibs
800 okes = 1 long on 12.240 by

Table 3. Imporis of pesticides

(Total quantities and value)

Year ()‘2:2!;- ty, Va!lut,

1962 2,638 104,326
19613 3,194 259,558
1964 2,615 190,190
1965 2,09 180,819
1966 31,605 319,267
1967 2,969 312,12
1968 1,717 316,631
1969 2,186 711,475
1970 1,731 433,358
1971 1,820 1,116,076

The main pesticide producing companies of Europe and the United
States are represented in Cyprus, and quite newly-developed
are imported here. The pesticide importers have contacts with the Plant
Protection Service, and all available technical data, such as toxicity, residue,
efficacy, tests, etc, are submitted to the Plant Protection Section. The
countries from which the pesticides are imported, are indicated in table 4.
There are about seven najor importers. As from 1964, the Wﬁd

rative Central Bank plays an important role in ”w
sale of all main pesticides (Insecticides, fu R )
through well-organized teams all over the island.

Table 5 shows this trend.

112




Table 4. Quantity and value of pesticides by countries of ongin (1969—1970)

__Joal nmports 1969 Totat imports 1970

Value Quantin Value

Commodities and countnes of ungin Quantity
(W1 £ (W1 £

Disinfectants
Israel 150 1366 40 132
Italy 27 293 5
United Kingdom of Greal Eqtain and
Northern lreland 1,748 11,325 2,123 12152
United Srates o1 Amenca 60 904 50 70?7
Other countries 39 632 618 2,754

Total 2,024 14,520 283 15950
insecticides
Belgium 79 418 m™m 801
Bulgaria 138 1,288 -
Czechosiovakia 846 3,200 80 257
Denmark 977 14,499 1.022 15,935
France 194 8833 1.469 17.827
German Democratic Repubhic 1.8 10,504 1.546 11,106
Germany. Federal Republic of 4,982 40,373 .23 29,616
Greece 1,078 6,384 681 3129
fsraot 9,074 42,804 7,035 32,677
Italy 1,637 15.379 673 21,605
Netherlands 1,930 21,678 1.7 2B 474
Switzerland a2 16,956 14 16.569
Uniterd Kingdom of Great Britany and
Northern treland 4514 18,601 2.743 35,629
United States of America 2.219 25,946 490 18,042
Ciher countries 24 562 137 2,655

Total 29,905 227,49 19976 234322
Fungicides
Belgiuin 394 4,182 - -
Buigaria 196 1,788 492 4476
France 417 2,479 2,260 21,472
Germany, Federal Republic of 415 9,154 239 3,252
Israel 93 1,126 €83 9,595
Itaty 961 11,583 1.51 15,859
Netherlands X0 1,024 51 2,693
Switzerland — — 189 8,852
United States of America 239 4,158 766 9,606
Other countries 196 2,29? 107 3,778

Total 290 3.,7% 6,498 75,583
Wesd-killers
German Democratic Republic 91 7,578 1,772 18,109
Germany, Federal Republic of 49 3,061 60 4,270
Greece 1,042 3,070 1.213 3,702
Israet 173 2,32 78 945
United Kirgdom of Great Britain and
Northern ireland piX] 6,130 136 10,104
United States of America 44638 370,118 bal © 7,260

Other countries % ;nﬁ 302 6,603
Total 3% 668 3,632 50,993
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Table 5 Sales ot pesticides and ferlilizers through the Co-operative Central Bank

P A o) ' 19 6
Lowies \atae RIS Value Tons \abue Tons \oatue
boeol e o P o0 6T 20 2280 TR Tae) e THO99 1564 18
supha P RO [ [N P 400 1R Pl 19 718
et ade [ T IERELY NN REE] 1089 M
1oty . IE VO GE Pgb bt TR0 ety o Ty M 1 T1ann
19 6K [T 19 "o 19 "
Toms Valoe Foas \ e Lo \alue lons Value
tertiheers RO 1 C89ec Y 6T TR S8 GE T T d6d THY 256 T 8L 1 a0y
“ulpbur [ 52865 1297 94 1 1 44T 44 489 1,40 44,20
Pesticdes 147940 134 425 16" 208,277

Tola W00 1900 461 HY9.08Y 1 TBY SR T TI0 Q072474 S 2783 1.861.455

There are alsry six small industrnial units “or re-packing pesticides in
small-size bags o1 tower cencentration For example, concentrated techni-
cal Parathion s imported and then it 15 mixed with tillers and the new
1ormulation ot lower concentration 2 per centy 1s packed and sold. This
work s done with certain pestiades o dust or wettable powder for-
mulation There are, also, two units for higuid tormulations, 1e. a con-
centrated liquid tormulation 1s imported and then 1t 1s diluted with suitable
solvents such as xylene. Tables 6 and 7 show the main pesticides tmpor-
ted as techmcal or concentrate and formulated to dusts or emulsion
concentrates

Table 6. The main products which are imported as technicals or concentrates and for-
mulated to field dusts

1 Dicotol acanaide

2 Aldun (sorl imsecniades

3 Famid (Ciba-Geigyr (control of cockroaches;
4 All-Green llohar terhilizers

v BhO i nvecticaide)

6 Captan tfor seed dressing, etc)

* (hlorobenzidate t(dust formulations)

# Copper oxvohlonde (dust tormelalions)

Y Crotothane tdivocap) dust formulations)
1. Aninphos ethyl (dust tormulationst

11 14D heroiaide tdust formulations)
12 DD isectinide (dust formulations)

13 Dimethoale msecticide (dust formulations}
14 Ethion acanade (dust formulations)
15 tenitrothion (dust tormulations)
16 Frwt setting hormones (dust formulations)
17 Lindane technical (dust formulations)

18. Lannale insecticide (dust formulations)
19. Carbaryl insecticide (dust formulations)
20. Maneb fungicide (dust formulations)
21 Malathion insecticide (dust formulations)
22. Parathion insecticide (dust formulations)

23. Prefytol

24. Tritox Different dust farmulations

15 Triosail containing the following :

26. Thiohalkini a) Fungicide for powdery mildew

27 Thiutox l b} Inseciicide or/plus acaricide

18 Thiozinohalkini l ¢) Fungicide for downy mildew
etc

29. Sanigran (seed dressing)
Organomercury with or without insecticide
10. Zineb fungicide (dust formulations)
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Table 7. The main pruducts which are imported av lechnicals or concentrales and formu-
lated after dilution with suilabte solvents 10 lower emulvion concentraje
Chiorohenzilate

' benitrothion
Malathion
Diazinon
A Butsi o Ester 0
Parathion tmethyt or ethyl)
Summerwhite il special emulaiiers added,
Winter orls with DNOC formulated in Cyprus;

About 40 per cent of the pesticides sold have beer locally tormula-
ted and re-packed n lower concentrations. This concerns mainly weed-
killers for cereals and pesticides for austing.

One of the major importers and distributors o pesticides and fert:-
hzers in the Co-opeisuve Coantral Bank The main ponts of its activities
are indicated below :

a. Budgel of the Unii

The expenses of the industrial
which is th
in 1971. The value of pestici
Co-operative Central Bank was £ 126,500

b Value of pesticides imported

the value of pesticides tmported by the Co-operative Central Bank
in 1971 was £ 157,000.

I. Pesticides sold as imported £ 106,930
Il Pesticides sold after formulation and packing £ 100,350
Total Sales £ 207,280
¢ Personi.el
Twenty-three persons in seven shops and stores work in the pesti-
cides division. Eight mobile sale units are also available.
d. investmen|
Investments for the industrial unit and for sales :

Equipment 113,250
Cars £ 8,950
Factory £ 11,270

e. Shles

The sales of pesticides through the Co-operal ve Central Bank are
indicated in table 4.

Problems of industry

The main problems of the industry are the finding of suitable cheap
fitlers and solvents, and the finding of trained workers.

Legislation
Fhe Pest Control Law was enacted in 1967. The Regulations under

hawe ju ; been the Council of Ministe

i i ) thort time s ey OB "a.‘?"’»g.mﬁ.“m:mzmz
et R 3 T A
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Prospects for expansion of the pesticides industry

It i expected that in the near 1uture the main amporters such as
the Co operatinve Central Bank and others will expand their activities by
geting nea machimes tor vacking dusts and haud  pestiades, and wil
cover a laoe aumber of pestiades

HUNGARY

Ferenc Hargital

Development of plant protection through use of chemicals

During the last decade, the use of plant-protection chemicals has
increased rapidly In Hungary the value of such -hemicals cornsumed In
1972 was 4 9 per cent greater than 1t was n 1960 . tor herbicides the
i~crease rearhed 1,500 per cent. The rate of 'ncreese has accelerated
particularly auning the past five years as shown below :

vear iillon_dollars
1968 245
1969 24.6
1970 320
1971 41.0
1972 (estimated) 53.0

Plant protection 1s one of the factors of a complex production
technology , its significance, role and 2conomic efficiency are inseparable
from the level of development of the technological system as a whole.

With conventional methods of cultivation, plant protection has the
role of increasing yields z2nd of improving quality, but with the complex,
mechanized methods suitable for large farms it becomes a precondition of
production. It can be anticipated that the role of plant protection - - in
particular protection, through the use of chemicals — will become even
more important in the future.

The forms that pesticides may take are very simple : dusts, liquids,
or granules. Working with them, however, requires at least as much spe-
cial knowledge as handling a complicated machine. That is to say, the
action of pesticides can go beyond the immediate objective and conta-
minate the environment. Since 1968, persons engaged in pesticide produc-
tion, have been required by law to have special qualifications.

A strict system of regisiration has been set up to control plant-
protection chemicals. This system is similar in many respects to the well-
known system of the Federal Republic of Germany, but in some respects
it is stricter. It is directly administered by th2 Ministry of Agriculture
and Food.

A continuing programme of chemical analysis in factories, in commer-
cial store houses, and even on farms provides for quality control at the
plant protection chemicals and for detection of pesticide residues.

The well-equipped laboratories in which pesticide residues are ana-
lysed, carry out the control and inspection of all plant products imported
or exported, and of al! those grown on large farms for domestic con-
sumption.

A further increase in the demand for pesticides is expected. It is
estimated that their consumption in Hungary will by 1980 be twice the
present level. With such an increase in demand, the question arises as to
whether production can continue to meet it.
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The situation of pesticide industry

As it s well known. at the heginning of the 1960« (he Hungaran
industry produced a «onsiderable Guantity ot DT anct HOHE 10 1967 the
use of both chemical. was orohinted, this the proportion ot the home
industey in the trade ot pesades tell from O per cont 1 e than 50
per cent i parallel with this import from Western Furope was wigniticanthy
increased  in 1967 1ts rate ot Pariicipation was 22 per cent and L present
it approaches 40 per cent O course, hom eeonomic angles s nol accep
table for the Hungaran plant protection (o depend on impons, and there
fore increased etforts have heen made tor developing  home produdts

As 3 st step we addressed ourelves 1o several leading manaty
fLrtng compantes of Furope with the request to purchase L ences, byt the
answers concerning the up-to-date products and technologies wers on
formly negative

In this situation ihere were Wwo posabifiies Jett  domednc tonmy
lation of active ingredients trom abroad. and the development o nde
pendent production of active ngredients  Undoubtedly the  eaver and
more rapid solution 15 to formalate the active ingredient trom  ahroad
in this way, however, the toreign-exchange saving< are not SIEMCant
and the strong dependence on foreign industry :nvanably reman,  Thye
from the pomnt of viewr ot national economy. carrying  through the pro
duction of the active ingredients seemns to he more advantageous. Besides
the chlorophenoxy-derivatives, «horamino-triazines, mercaptotriazines,
DCPA, trichlorphon, DDVP and DNOC traditionally manufactured for years,
and the formulation of ahout fifteen active ingredients trom abroad, the
Huingarian industry, on the basis of independently developed procedures,
effected the production of paraquat-di/methylsulphate, trifluralin, iinuron.
monolinuron, propachlor, pvrazon, prolate, chlorphenvinphos, O)-ethyl-S,
S-dipropylphosphodithioat (Mocap), dioxacarb, ben nvl, a mercury-free
seed-dresser and a number of other compounds.

An industry of intermediates for pesticides serving the above produc-
tions and a biological-toxicological experimental station meeting the needs
of industry are in the process of development. As a result of these deve-
lopments, we expect that through the demand for pesticides will he dou-
bled by 1980, the import from Western Europe will be decreased to the
half or one-third its present level. Naturally, those foreign companies which
support themselves the development of the Hungarian industry within the
framework of co-operations of different types will be best able to hold
their ground on the narrowing Hungarian market. Such co-operations have
already come into being, or rather the talks are at an advanced stage.

Considering the present status of the Hungarian agriculture and
industry, as well as the long range goods thereof | see possibilities for
UNIDO to assist countries desiring to develop their pesticide industry
in the following fields.

Fields of support by UNIDO

Efforts must be made that the industrial companies of the developed
countries should sell the developing countries not the products consi-
dered to be out-of-date in their own countrias, but supply the most con-
temporary and newest ones, or should transfer the licence of .\.ose.

The partners must establish an i i
formulation and i and also in production

intermediates. realized not only in technical
i in their training.
- Since safe sgricultural application is #s0 in the interest of the industry,
induitry and industrial organizations MWWO‘ ﬂgemestablishmer:;
“specislists ‘ specting an.
instrimants, and the reslization of

mn
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A1 this moment Hungan expects support in the up-to-date tech o

s ot tomudation and. in exchange 0 undeitakes the extension tre
LGt speciaints workimg n the controlling network.

Peter A (alamatta

As | stated earbier in the meehng with reterence to tertihizers, reccrds
and statistical data 0 Malta are very lumited and rather erratic. We have
no pestiade manutacture, and although we consume qu-te 4 number of
procucts, their use up to the present has been rather haphazard.

Years ago the Gove.nment introduced 3 spraving service tor tarmers
nd gardeners, but this can no longer cope with the demands made on it

Very recent legislation controls the selling and labelling ot pesti-
Gdes which previously were olten adulterated

Our main present nterest 1s in the control ot the Mediterranean fruit
iy, and 10 this respect | othaally request UNIDO < help in obtaming
advice hased on good expenence. and to « smaller extent the olive
frunt tly

Dunng the past vear, the Government of Maita has been negotiating
with the Food and Agriculiure Organization of the United Nations {FAQ)
to set up a pesticade research centre for developing counties in Maita.
The participating and executing agency would be FAO, n co-operation
with the United Nations Industrial Deveiopment Organization (UNIDO),
the International Labour Organization (1LO), World Health Organization
WHO1, the International Atomic Energy Agency (IAEA), and also repre-
wntatives of the pesticide industry under the GIFAP group.

The purpose of the centre would be to investigate problems rela-
ted 1o the use of pesticides with particular reference to the associated user
hazards . residues in foods and the environment ; and the interests of the
developing countries. The types of activity envisaged for this centre are .

the mvestigation of chemical-technical problems which must be studied
he'ore FAO can endorse the use of certain agricultural pesticides for use
for particular purposes in the developing countnes. It would be cunfined
to pesticides which are not being investigated by industry because the
compounds are not of real commercial interest to any particular company
at present hecause they are not now protected by patent, such as BHC.
Many such compounds are widely used in the developing countries
because they are relatively inexpensive and have a low acute-toxicity
hazaid, but the available scientific datu regarding the associated environ-
mental and food residue hazards are not sufficient to allow FAO and
WHO 1o endorse their use and establish acceptable daily intakes and tole-
rance levels in food.

Another activity would be the investigation of chemical-technical
problers relating to promising compounds which for technical or other
reasons have not been developed to the marketing stage by industry,
possibly because of the limited market potentlal. This work would be
particularly related to the often-voiced desire for narrow-spectrum pesti-
cides which because of their limited market potential are of small commer-
cial interest. Such compounds are now market largely as a result of fall-
out” from research and development programmes.

There would also be investigation of problems related to contamina-
lion of the environment by agricultural cheinicals and the occurence of
these chemicals as residues in food.

Under the supervision of the Director of Research (the project mana-
ger, who will be chosen later), and based on recommendations of the
annual meeting of the FAO working party of experts and the WHO expert
committee on pesticide research, investigations of technical-chermwirsl ques-
tions as outlined above would be conducted by project support and con-
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tracts with appropate universities and tesedrch nstitutes The o mueal
research contiacts would he on d Nocosts partially sponsceed o )1
sponsored Dasis from the standoomt o) the jirogedct

In this plan, which sl needs atiticatinn  the vilontan o LTS
Malta, a4 a Jowahion resting pesticides but s a centre where gl
the data can be (ollected ani coordinated ac they airve 1rom othes
countres in the interest of 4l ceveloping countries Any help that can he
torthcoming trom mcmbers who are present here and fiom CNIDO
pooncular, will b ogrearly appreciated

In discussion the wpresenlative of Cyprus stated that they Had tound
control of the Mediterranean fruit Hy quite  easy b, regielar weekly
spraying with a tialathion-based pesticide

POLAND

Stanislaw Byroly

I have 1o speak mamnly about (he achievements in the production
of pesticides tor control of Coloradu beetle Leptinotar decemlineata) in
Polend, but at the beginning | would like to say some words ahot  the
pesticide industry in Poland as a whaole.

Pesticide production in Poland amounts to about 10 per cent o fer
tizer production in value, and s sl developing.

This year we stop the production of DDT, hut the «hlornated hydro-
carbons, lindan and methoxychlor {DMDT) which yon know, have a
very low toxicity for animals wili be still produced. DDT in mixture with
hindan and methoxvchlor as the preparation named tntox 15 being used
only in the control of Colorado beetle . it is forbidden 10 use DDT on
other crops. About the details of the Colorado beetle control | will
speak later.

As alternative substance for DDT our chemical industry prodaces the
insecticides of the phospho-organic compounds, and carbamates such as
trichlorfon, malathion, fenitrothion, dichlorfos, chlorfenvinfos, and tetra-
diphon as an acaricide.

In the group of fungicides we produce copper oxychloride, colloidal
sulphur, thiuram and captan, and we are preparing the production of
karboxine as a systematic fungicide.

As seed dressing substances we produce mercury rganic compounds,
thiuram, quintocen, HCB. In the near future the production of Organo-
mercury compounds is being limited in favour of the nonmercury com-
pounds such s thiuram, HCB, quitocen, karboxine and its mixtures.

In the huibicide group the Polish chemical industry produces 2.4-D,
MCPA and some mixtures with dicamba and propionic acids for the con-
trol of resistant weeds. Our chemical industry prepares the production
of urea derivatives such as diuron, linuren, monolinuron. From the growth
regulators we produce CCC.

All the mentioned compounds are produced in the form of dusts,

powders, emulsifiable concentrates and aerosols.

For particular application such as protection of fruit trees we import
pesticides from western countries in the amount of 10 per cent value of
our pesticide lon. | would mention that we are an exporter of
pesticides in the amount of about 2§ per cent value of our production.

Achiovements huMth ontrol of Colorado
Msmmm.)Jm
Poland is one of the gressest potato 13 in the world. The pota-
toss am g there on more then 2,800,000 ha.
&MM-%- ' m#ﬂummmdm

ot only In Poland but n off '
m\&am ‘obweved in _of continuous chemical control,

omip



( olorado beetle feeding on potatoes, especially in June and July, can
cause the loss of 30 per cent or 1n the case of complete defoliation, even of
the whole vield hecause of the beetle’s high reprodiction ratio and high
tood uptake Theoretically the progeny of the temale laying 500 eggs would
destroy, on the third generation 100,000 potato plants growing on the
average on 25 ha

In our chmatic condittons the appearance ot the larvae of the first
generation gets its peak in lune and luly The larvae complete tehir dove-
iopment duning ! 4 weeks and the maumum of beetles of the first
generation appear at the end of luly and the heginning of August Only very
seldom do the larvae of the second generation complete their development
in Poland It happens only i extremelv favourable weather conditions and
then the beetles of the second generation appear in September or October

Until 1971 the Colorado beetle was controlled in Poland by the use
ot (hlorinated hydrocarbons, mainly DDT in dust, emulsion, wettable
powders and aerosols

For several years a decrease ot the effectiveness of DDT used against
Colorado beetle was vhserved due probably to the development of resistant
ponulations. Fo: better control a mixture of DOT and BHC named Ditox and
a mixture of DDT, BHC and DMDT named Tritox were introduced.

in the Institute of Organic Industry studies were carred out on the
alternative pesticides.

In the years 1966 to 1971 the efectiveness of several carbamates and
organophosphorous compounds was evaluated in field experiments. The
results are presented in tables 1 to 4. Carbaryl was verv effective when

Table 1. The activity of Birlane and Bidvin in the conirel of Colorade beetie (ioptinatorne
decemiineata Say.) compared 10 Azoten and Sevim

% of mortality
Preparation “D:”:jh‘ Larvaes Lt Beeties
Bidrin €M 24 $ 3.‘,:‘.’ 33
Birlane EM 24 gfﬁs :ggﬁg ::Z:
Azotox Z-50 ;g 1?9)2 ;z:
Sevin 7-85 USA - o o
2-75 1PO (carbary) 2,;3 19&3 gg

Table 2. The activity of carbamate insecticides in the conteci of Colorsde bestie (Laptine-
tarse decemiineata Say.)

% ol morakiv:
. Dose,
Preparation kg a.s/ha L
30 100 8.7
Minaude (Karbamult) promecarb 1% 1% 9.y
0.7 100 767
30 100 3.3
Metiokarb (Mezurol) 19 100 /66
0rs 8.3 733
30 200 "7
Propoxur {Unden) 150 33 3.3
073 % mo
30 100.0 [ 18]
C- baryl (Sevin) 150 100.0 33
073 Q [ 73 —
30 0.0 33
1-60 (carbaryl) 150 ’ 1000
ors »? o
— ol
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Table 3. The activity of phospho-o-ganic insecticides in the control of Colorado beetle
(Leptimnarsa decembiineata Say)

% of mortality

Dese T T
Preparation .
kg as/ha Larvaes {4 Beetles
05 100 6 1000
Biclane (Sheil 0125 100 0 933
. 05 000 822
Chiorfenvintos 1PO 028 100 0 756
, 20 267
Naled (IDihrom 10 67
20 - X0 ()
N 2
tethyl Dimetoat 10 - 13
Fentrothwon  (Owadofos) 20 _ e
10 — 16 7
) 20 — 100
Vamidothion (Kilvah 10 — 100
20 . 00
Menazon (Sayfos) 10 - 0.0
10 100.0 5 7
Phosalon (Zolone) 0% 100.0 50 7
Imdan 10 100.0 60.0

applied againsi Colorado beetle larvae, but not against beetles themselves.
It killed at most 50 per cent of the bectles. lts effectiveness depended
considerably on temperature. In our experiments the effectiveness was higher
above 20°C and lower below 20°C. As in our dimatic conditions during
maximum appearance of beetles the temperatures are often quite low, we

vu«mumunw&mm«mmm
m.whumummummmmmm

19661971
Control of larvae Control of beetles

Period Period

The lowest of The lowest of .

Praparsption active dose, investi- Preparation active dose, investi-

kg as./Ma tion kg as/ha  gation

i.;uu) (years)
1042 0.1 2 PO-62 0.2 2
Bivlane 0.1 3 Chiodfanvinfos 0.2 1
Chiorfenvinfes 0.1 1 Gammarol Supra 0.2 pre. 1
Despival 013 2 Bidarne 0.2 6
Ganvnerol Supra 0.2 pre. 1 Gusation 0.2% 1
Comalarbaton 02 2 0 04 2
Cusation on 1 Sapacron 0s ]
Sepeiron 028 1 Gamaliarbaton 03 :
Thisdin ¥ 1 Thioden 05 1
Teibon 2 Karbotox s P as 2
1 A WP 73%, 03 1
] Ca 900 (1 2
2 Movksicid 6607 (1] 1
] Yoden (‘X ] 1
2 mv L 2
i | s 2
. Undn , s ]
e w 2
: Tl : |

i
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had to search tor other chemicals more eftective ot lovw temperature or to
produce mixtures ot carbaryl and other chemicals increasing its etfectiveness
m Colorado bheetle control

In table 4 are presented the results of four years expenments, Based
on these ewperninents we decided to produce a product named Cama-
harbatox 1t belongs to the chemicais ot the 11 dass of taxaty for animals |
LD 50 oral equals 662 mg/kg ot rat weight Tle recommended rate of appli-
cation 1s 1 kg ot Gemakarbatox per ha this means 05 kg ot active substance.
The cost s also very {ow. only 91 50 /1 per ha.

We are also prepaning to produce the next insecticide named Karbatox
extra Pon the form ot a wettable powder 75 per cent LD 50 on rats equals
21 mg/kg weight  The recommended rate of apphcation 1s 07510 kg
ot Karkatox extra P per ha The cost 1s about 100--120 71| per ha

The dusts  Gamakarbatox dust and Methoxykarl atox will also be
produced Both will be applied at the rate of 20 kg/h Chlorfeavinfos, the
active ingredient of Sapecron (50 per cent) and Birlane (24 per cent) is
highly toxic for mammals LD 50 oral for rats is 30 mg/kg of weigh!. but at
the same time it is very effective against Colorado beetles at the dose of
200-—300 g/ba Based on several years experiments we decided to produce
sapecron hasing on the imported concentrate. Due to its high toxicity
Sapecron will be applied only by the specialist brigade.

One treatment would cost about 160 21 per ha.

Very good results were obtained in Colorado beetle control also with
the use of the followng chemicals :

IPO-62 experimental substance in the form ot an emulsifiabie liquid
containing 25 per cent of a new active ingredient synthesized in Poland
-- an enolophosphorus compound. lts toxicity for mammals is 3—5 times
lower than that of Chlorfenvinfos. The effective dose of 1PO-62 is 200 g/ha
itable 4) which would cost less than 150 zi.

1PO-63 experimental substance in the form of an emulsifiable liquid
containing 25 per cent of a new active ingredient synthesized in Poland, aiso
an enoclophosphorus compound. It bedongs to the HI class of toxicity for
mammals and has very low dermal toxicity The effective dose of 1PO-63
is 400—500 g/ha in the control of Colorado beetles which would cost
about 300 zl/ha

UNDEN — wettable powder containing 50 per cent of propoxur pro-
duced by Bayer, beionging to the Il class of toxicity for mammals. it is a
short-life insecticide which must be applied on very exactly established date
on the development of Colorado beetles The effective dose equals to
300-—400 g active ingredient per ha.

The results of laboratory and field experiment: showed that propoxur
increases the effectiveness of DMDT and lindane against Cclorado beetle,
and may be a valuable component of mixtures of prolonged actlvity period
for Colorado beetle control.

ROMANIA
A.
luliu Moldovan
The accomplishment of industrial plants on the basis of originet
research, process design and development includes the followi :

laboratorv research, systematic ressarch and design of pilot plant,

up pilot plant, pilot plant operation, design of industrial m«w
up industrial plant, starting into operation and attaining t
parameters. ' -
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A research and development process can be stopped at the laboratory
or pilot-operation stage for ditferent reasons expense, incomplete or
unsuccessful research. delays in research, or equipment worn out hy time
or high corrosion.

Generally speaking, betore passing the prlot plant sep. a laboratory
process should be studied carefully by the design group from the economic
standpomnit so that the research can be aimed at obtaining the most econao-
micai process. Generally a laboratory research sialf involved in a process
includes 13— 15 people, each working about 2,000 hours per year. As com-
pared with the average cost oi research abroad (6 dolIars/hourfpersnm
Romanian costs are low (about one-tenth ot thisi Laboratory research s
cheapest, of course, when the process goes into industrial production. With.
out industrial development the expenses represent irrecoverahle loss

Piiot plant research and generally what s called development of a
process represent major expenses in the world, the average cost being
150—500 dollars/piiot unit. in some countries the cost of enginvering, and
systematic operation of pilot plants, is inciuded in the cost of design of an
industrial piznt which is different from country to country . in the Federal
Republic of Germany 40 marks, in the United Kingdom of Greal Britain and
Northern Ireland £ 3.00, in the United States of America 16 doliars per
mar-hour. In the United Kingdom the design cosi represents 9 per cent
and in the United States 13 per cent of the industrial equipment vaiue.

Sometimes one can pass direclly from the laboratory to the industnal
scale, the pilot plant being actually one of a semi-industriai type. This
situation is represented in our country by pilot productive piants, the piant
capacity corresponding to the quantities necessary for testing the products
for quality and for biological efficacy in field trials.

In order to reduce the research expenses in piiot plants and especiaiiy
to reduce the research period, there is the possibility of operating in ,.uni-
versal” pilot plants or of reusing one pilot plant for investigating many other
processes. Existent industrial plants can also be modified slig tly to study
similar pracesses on the pilot scale, especially in the case of fertilizers.

Generally the method and the operation in the pilot plants are diffe-
rent for pesticides and fertilizers. With pesticide piocesses, there are certain
chemical unit rations (sulphonation, alkylation, condensation, etc) and
cvery stage can be treated separately for mass, thermae and energy transfer
and balance. With this type of process the problems consist in choosing
and calculating the basic equipment and some small difficulties arise with
stirring reaction vessels,

In processes with interdependent and continuous stages, for instance
plants for manufacture of ammonia and generally for fertilizers, the necessity
of elaborating dynamic mathematical models is obvious. In the fertilizer
field are processes in which the reactor is essential, and nere not oniy
the geometry of the reactor but also the systematic kinetics and thermo-
dynamics must be taken into account.

We can dis ish two ditferent methods of working, one used in the
United States and other generally used in Europe. In the United States
co-operation with the industrial plant designers begins during the laboratory
sage. in this system a team is formed which co-operates unitl the final
mm it Is joined by the technical corps belonging to industrial units

will be involved in production. The advantage of this method within

' mmawwmmﬁamammap
ment, which y can m:!.d on the wetnanty of the specialized
mcﬂ, " ' ' of contracting cerisin pats of the equipment
wnddr fuen-ke mmm tius of simplifying the pilot

m 1o the industrial plant
plant development, w&

' 1
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chemical engineering in pilot plants, and others concerned with chemical
mdustrial engineenng work, carned out in specialized design offices.

Along the same hne there are also design oftices which have already a
package o1 general data 16 industial design which can be completed with
additional data atter cheching the procesces Tar example ammoma, ured.
ammonium mtrate. phospho i aad plants where we can talk about indu-
strial processes already (hocked and known

In Europe checking on the equipment models in micropifot piants,
equipment executed at two or three dimensional scales, 15 used as a modern
system lor determining the simibitude tactors necessary tor industrial design
and theretore tor selecting and wzing the eguipment

In our country the research and development 1or tertilizer and pesn-
ade processes has been approached differently In the field ol fertilizers,
where the processes are conlinuous, we use the pilot-plant system, which
represents on the small scale a process or a s1age rom the process in study.

A co-operation has been established with the industrial plant designer,
as in the United Sta.es system. the main problems, the process and equip-
ment desigri for the rilot plants being done by the designer ot industrial
plant.

The pilot plant 1s built in the factory in which it i1s planned 10 operate
the new process for production, but responsability ior the new technology
rests with the research stafi which elaborated the laboratory process until
the proress is put into industnial operation. This method s feasible because
the technological laboratory research is performed mainly by engineers
trained in chemical engineering.

In this way pilot plants for manufacture of NPK fertilizer through nitric
attack, for manufacture of superphosphoric acid and the alkaline pure salts
by the extraction with organic solvents, for manufacture of phosphoric acid
and complex fertilizers via clasical wet route were realised. Many of the
new processes have been checked directly in the existing industrial plants,
for example recovery of fluorine from the processing of phosphatic rock.

In the pesticide field, at the beginning we started from the idea of
similitude of processes with those for drugs and dyes, excepting the formu-
lation stage which is proper to the pesticide industry. We have accomplished
universal pilot plants for condensation, chlorination, phosgenation, etc., and
also for formulation.

Our experience showed us the necessity of having pilot plants, parti-
cularly for a group of products allowing the multilateral usage of the pilot
plants. Similarly the industrial plants are preferable to be flexible for adapting
to new processes and products. We ali know about negative economic
consequences in reducing the production of organochlorine persistent pesti-
cides like DDT. In the United States the partial reutilization of these plants
has been accomplished for manufacturing an interesting polymer on the
hasis of polychloral ; our experience in pesticides also demonstrates the
necessity of working in batch system with unit chemical operations. It is
important also that technical products and active substances be obtained
N a storable form, and the formulation be carried out in a separate
formulation unit.

Formulation is a very important stage and some’ mes if it is not well
studied and established, it can reduce the value of a product. it is neces-
sary for our pesticide industry, which is in full development, to have a for-
mulation pilot plant of universal type, serving to devclop new and various
formulations required by agriculture.

The Romanian delegation comes with the suggestion to UNIDO to
set up an experimental pilot plant for the formulation of pesticides, and
tor biological testing, within the joint Centre UNIDO/Romania to which ail
interested developing countries may have access. This suggestion takes into
account the experience we have, the achievements obtained up to the
present and the programme for future development. :
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Concluding, every new process will have economical industrial signi-
ficance only 1i 1t 1s teasible on the industrial scale, otherwise the research
time and expenses will be lost. On the other hand, the existence of universal

+

pilot plants can considerably reduce the peciod for the transition of a4 process
rrom the laboratory 1o the industrial scale

ROMANIA

Silvia Nicolau

Constantin Popa

Nowadays the importance of using pesiicides in agriculture is recog-
nized by the overwhelming majority of specialists all over the world and a
modern and efficient agriculture cannot be concerved without the contribu-
tion of these produc's in spite of some inconveniences they may generate.

On the world level efforts of specialists are being directed towards
the promotion of new products having a reduced acute toxicity, a low per-
sistence and a satisfactory degree of selectivity, and towards their use with
maximum economic efficiency and minimum secondary effects. Although, as
1s known, this wish is not easily accomplished, the results obtained in recent
years allow us to believe that progress will further continue on this line

Production and use of pesticides on a large scale in our country started
after the Second World War and were intensified in the past five-seven
years. The promotion of pesticide production and use was based on the

rmanent and steadfast interest shown by the agricultural sector on one
and and on the other hand, or the setting up of a powerful petroche-
mical and basic organic chemicals industry, capable of supplying the requi-
red raw materials and intermediate products.

Further on we will set forth significant aspects regarding the production
and use of pesticides in our country.

1. Main factors thatl require and influence the use of pesticides in Romania

Our country, crossed by parallei 45, is situated near the Black Sea
and has an extreme continental climate characterized in general by dry
summers and cold winters, sometimes with smail quantities of snow.
Another characteristic is its varied relief, which determines differentiated
climatic conditions from one area to another.

; At the same time, the high-arganic content soil in many areas of the

? " country and especially In the South-Eeast area (the so called Baragan)

requires, in most cases, the use of higher rates of pesticides than other
countries,

The structure of the cultivated surface for the main crops and groups
cf crops is shown in table 1.

Table 2 presents the main pests to be met in our agriculture,

Due to the divensity of crops and of pests existing in our country as
woll as to the various climatic conditions, a large range of pesticides is
m/.tﬂnmﬂmethwmmmmﬁm, called for by the
rm«nﬂmphmmmm Insecticides and the prevalence

certain weed species as a consequence of repetted herbicide treatment.
mm,mmmmmen variety of formula-
tions, suiushie w0 the differentisted conditions encountered in Romania.




Table t. The strwture of the cuitivated area of Romania given on main crops and groups
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To these a forest area v 10 be added having 6,315 thousinds ha

Table 2 The main pests (insects and plant diseases) encountnisd in Romania’s crops

Crop

Insect

Plant disease

Wheat-rye

Barley

Mauize

sunflower

White beet

Potatoes

Orchards
Apples-pears

Plums

Apricots-peaches

Sweet and sour cherries

Vineyards

Zabrustenebnodes
Euxoa segetum
Furygaster segetum

Tanymecus didaticols
Pyrausta nubilaiis
fuxoa um
Anoxia vitlosa

Tanymecus diliaticolis

Bothynoderes punctiventris
Tanymecus palliatus
Aphididae

Leptinotarsa decerulineata

Quadraspidiotus perniciosus

ididae
Acarinae
Quadraspidiotus perniciosus
H minuta
Acarinae
Aridkom perniciosus
Anarsia li
Aphididae
Acarinae
uadraspidiotus permniciosus
Acearinae
Polychrosis botrana

Acarinae

Tilletia tritsci
Tiletia nanifica
Ustillago tritici

Ustillago horde:
Ustillago avenae

Sorosporium holci sorghi

Plasmopara helienthii
Sclerotinia sclerotiorum

Cercospora beticola

Phytophtora infestans
Endostigma  inaequalis

Erom a e tricha

Monilia ap.
Poipstigme  rubrum

Clasterosporium sp.
Taphsins deformans
Monitia sp.

Monilis .
Ww&m
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2 Actual status of pesticide production in Romania

Practically speaking we cannoy say that there was o production ol
pesticides in Romania before 1938 «mali quantities ol imported norgani
insectivides were tormulated 1n rudimentary workshops  The only product
apphed on a large scale was copper sulphate, under the form of Bordeaun
mixture tor the prevention of downy mildew ot vine

Alter the Second World War, in 1946, the production oi BilC, n
relatively small quantities, started in 1956 began the production o1 DT,
of 2.4-D herbicide and of ANTU rodenticide. The production of these pesti
cides covered only to a small extent the steadily growing domestic require-
ments so that new production capacities ot DDT and BHC were put into
operation in 1960 and in 1962 mercury-ethyl chloride, used for the wheal-
seed treatments started to be manufactured

During this period our chemical industry began 1o deliver the fir!
Quantities of Dibutox, an insecticide on dinoseb basis, used for winter
spraying against San-Jose scale in pomiculture.

As a contequence of the important development of our chemical
industry, pesticide production broadened after 1965 Capacities for manuy-
tacturing 2-4.D herbicide, the organo-phosphorus Fosfotox, Carbetox and
Ethion, Lindare, Pinetox insecticide and Atrazin herbicide for maize were
put into productior at short intervals

Table 3 shows the pesticide production of Romania in 1965 and 1971,
expressed in active ingredient.

Table 3. Pesticide production of Romania
(as active ingredient)

-~ lons —
Name 1965 197 Formutation
A, INSECTICIDES
a) Organic chiorinated
compounds
1. DDT (as p-p‘isomer) 4,500 4,500 dwtin’ powders 5 and 10%,
2. 8CH (asgarmma isomer) EC-25%
2. Carbetox {(nalathion) 1,500 2500  dusting powders 1.5 and 3%,
based on gamma isomer)
1. lindane -— 800 EC-20% ; dusting powder 3%,
4. Pinetox (chlorinated
tempenes) -_— 600  EC-65%; conc. solutions - 30%
for LV apptlication . dusting
powders 10 and 20%
b} OP — compounds
1. Fosfotox (dimethoate) -_— 400 EC-50
2. Carbetox (nalathion) - 300 £EC-%0
3. Ethion - 1% tC-%0
€ Othe lnsocticides
1. Dilsuton idinoseb) 500 500 EC-28
2. Minersl oll — for inter
prays 3,000 3m iC
$. FUNGICIDES

i3
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Most of the pestiade umits mentioned above were erected on the basis
ol our own research, carnied out n the trame of the Central Institute for
Chemical Research of the Mimistry of Chemical Industry.

As 15 shown in table 3. during 1965 1971 a substantal progress in
the producthion of peshcides was recorded the actve ingredient varieties
mereasing tom 7 to 14, and the ionnage trom 9,755 tons per year to 15,340
lons per year

As s seen the weight ot orgarmc chlonnated insechicides as a propor-
non ot the total production decreases to a certain extent in 1971 as com-
pared to 1965 although 1in absclute weight an increment takes place As will
be mentioned further an. the use ol these products will diminish in the
coming years, because o1 the necessity to hmit or even to remove chlon:
nated insecticide rewduals from crops

Production ol organao-phosphorus insecticides, having a good biolo-
gical efficiency and a low persistence 1< at present {as shown in table 3) 800
tons per year and it will be largely increased in the coming 7-.-8 years.

At present domestic production ensures more than half of our country’s
demands and the percentage will be increased.

3 Development of pesticide production in the period 1976—1980

in the coming years pesticide production in Romania will continue its
upward line, the following considerations have determined the direction to
be observed :

a Strong reduction oi organo-chiorinated insecticide application

An important reduction of organo-chlorinated insecticides in the
coming period s forecast, as a result of the restrichons imposed by the
Ministry of Health; DDT and BHC are the products that will be affected
while the use of Lindane and of Pinetox will remain constant

b increment of OP insecticides production

Concurrently with the production of organic chlorinated insecticides
the variety and quantity of OP insecticides, of well known advantageous
properties, strong biological action, reduced acute toxicity and low persis-
tance will be increased. In this way, by 1975, three new products trichior-
phon, fenchlorphos and bromophos will be added to tﬁe existing ones.

c. Beginning of carbamate insecticide production

tn the coming two-three years carbaryl production based on & Roma-
. nian technology will start.

d Increase of organic and inorganic fungicide production

In the future captan, folpet, mercuryphyl acetate, copper oxychloride,
wettable sulphur, dust sulphur, thiuram, zirem and other fungicides will
be produced. The production of fungicides will strongly increase.

e. Increment of herbicide production

The output and variety of herbicides (especially symtriazine derivatives) ‘}
will substantially increase, in order to meet the lack of man-power in agni- %
culture expected to be encountered in the coming years, and the increase

of irrigated surfaces. .

{. introduction of economic forms of formulation

Great emphasis will be laid on the production of granulated insecti-
cides, and the weight of concentrated solutions for air trestments of low
volume (LV) and ultra low volume (ULV) will also increase. The production
o insecticide dusting powders will be strongly reduced, the spplication of
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pestade  mixtures  GnsechGde nsecticide.  insecticide lungiade,
tungiade + fungicide, herbicide < herbic:des will be increased i order 1
enlarge their biological actvity spectium thus reducing the treatment (osts
The major goale af the development o1 pesiicide production in our
country in the next 7 -8 years are as follows
complete covenng of domestic demand- for controbhing pests m
the hasic crops
reduction of undesirable secandary ettects to the mimmum
export availabilites
fable 4 show: pesticide producthion plans for 1975 and preliminary
tgures for year 1980 that are <till 1o be hnalized with the agncultural sector

Tabie 4. The development of pesticide production in Romania
Harecasts 1or 1975 and 1980 Kiven as active ingredient)

tons

Name

A INSECTICIDES

a) Organic chionnated compounds
b} OP-compounds

<} Carbamates

d) Dibutox (dinoseb)

¢} Barium polysulphide

f) Others

- FUNGICIDES

a) Inorganic compounds
b) Organic compounds

. HERBICIDES

a) 2-4.D (acid equivalent)

testers and dimethylamine sait) 1,000 1,000

b) sym-triazine derivatives 8,660

<) Cabdamates — 4,650

d) Quaternary dipyridyl compounds - 1,500

e} Others — 2,400

Total 7,000 18,210

D. OTHER PRODUCTS 160 1.265

Grand total 38,585 62,435

Note : forecasts for 1980 are informative only.

4.M|c¢m“bpmhmdwm¢ ticide
production in other ¢ ountries pes

in accordance with FAO prognosis, the annual growth rate of food
demands — in the world — will be 2.3 . 2.7 per cent until 1985, while for
the countries an annual growth rate of 2.8 — 3.6 per cent is

These figures clearly illustrate the necessity of rapidly increasing agri-
cuitursl production, to which an important contribution is brought by

in this respect, a la demand of pesticides from a great number
opin m«'ﬂ.m §
mion o pestonidered Ction S eppimires
: y uction
; mmwmomrmmmwmm
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Buillding and erection work
Technical assistance during investment and staring up
Personnel training 1in similar plants operating in our country.
The pesticides for which our country possesses the necessary techno-
e experience are the following
1 Insecticides
[methoate
Malathion
Fthion
Dinoseh
Pinetox
DOT
BHC
b Herbiades
2 4-D nodium <alt, esters, dimethylamine salt)
Atrazine
in addition, our country is able to grant, through the experts in plant
protection working 1 the agricultural research and production sector,
technical assistance in hiological screening and apolication of pesticides.
In connexion with this, we want to mention that pesticide registration
i Romania 1« done by the Interdepartmental Committee for pesticides, and
i based on hiological screening carned on in laboratories in green-houses
and in field
For the promotion of new pesticides to be produced in Romania the
research sectors and the manufacturing units permanenily collaborate with
the departments concerned of the Ministry ot Agriculture
The Romanian Ministry of Chemical Industry is willing to give careful
consideration to any proposals that will be suggested.

TURKEY

Gingdr Cankara

1. The status of the pesticide industry
1.1 Production consumption status

in the pesticide industry, the usable capacity differs from the actual
nroduction. The reason for this difference is that the selling rate of pesti-
cides depends on the seasonal demand. If the plant’s capacity is held small,
then it will be necessary to produce all around the year and to stock
the product for seasonal demand. However, the cost of the preserving
the products in this manner is much higher than the investment cost of a
high- capacity plant.

In relation to above mentioned considerations, the amount of pro-
duction and the usable capacity for different pesticides, in 1970, are
as follows :

Main pesticides Usable capacity Production

DRUGS ftons per yea.

Powdered drugs 28,000 18,404
Hygroscopic drugs 7400 1,967
Liquid drugs 27 050 . 4,228
Drugs for weeds 5,310 1.%3
Mineral oils 4,3% PRy
Powdered sulphur 20000 7,08
Drugs for seeds 10,800 1.9n
ACTIVE INGREDIENTS

DDT 2,500 2,90
BHC 4,500 i 433
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In recent years the demand
sulphate and sulphur have been a«

Organic wnthetic

The demand for pesticides in

Main vestiodes

Insecticides (a, b o
a. Organics
b. Minerai oils
¢. Fumigates
i Fungicides (a, by)
2 Inrogamic compounds
b, Organic compounds
. Herbicides (a, by
a. Chlorinated coinpounds
b. Othens
V. Molluscides
V. Rodenticides
V1. Various
Vil. Copper sulphaie
Vil Sulphur

1.2, Pesticide plants in Turkey

for active imgredients excluding coppe
tollows

1979 TG AL

A0 TRHY A B40

Turkey 19700 -1969 )

1970

6746
414
2391
13
N
93
439

03
58 i

b I

4 .
8051 7 a8y
1,914 2061
17,741 19,633

(Manufacturing units)

— Agro- Merck Pesticides Industries Inc.

-= Bayer Pesticides industries Ltd
— Hetas Commers Inc.

— The Shell Cumpany of Turkey
— Prentive Pesticides inc,

— Midiltipi Pesticides inc,

— Chemists’ Pesticides inc.

— BP Petroleum Inc.

— Sandoz Chemicals Ltd.

Inc

— Rabak Electrolytic Copper and Products Inc.

The above mentioned factories

are located in the province of Istanbul
with the exception of Sandoz which

is located in 1zmir.

1.3 Raw materiale status
The products, considered as semimanufzctured are produced in Turkey.

The import of raw materials, 1969—1970 was




OF the 1am materals needed tor the production i imorgane pesti-
Cdes mercun and coppers e obtamed  domestiaally and so i part ol
the wulphur

The future of tive pesticides industry

I onder o produce sutticent acine ingredients in cvery group ol
nestbodes  the tollowing manuiadunng umits have bren proposed to he
established o improved

Mercury hased pecticides

tubank o~ considenny tne establishment o1 a 70 tons per yedr phenyl
menuny dacetate plant The product would he sold entirely to the Ministry
ot Agnicutture and regional stations would be set up to monitor any pos-
ible tovic ettecls

Mineral od production

Copper oude and copper uxychlonde

hthiocarhamarte production

(Oyrganic nhosphate-based pesticide manutacturing unts
berbiode manutacturning umts

i The main problems of the pesticides industry in Turkey

31 Trarming  Turkish peasants, for the nme being, could not find
1 v opportunity to be trained well enough to appreciate the pesticides
32 Distrbution  Even though there are enough establishments in
e er, province, the organization does not function well enough in this field

YUGOSLAVIA

Anton Vizov sek

The production of pesticides has a good tradition in Yugosiavia.
Before World Wai 1I, we were making copper sulphate, calcium and lead
arsenates. calcium sulphite, barium polysulphides, mercury compounds and
pyrethrum dusts. After the war, new synthetic products were int .
tn co-operation with UNRRA, the production of DDT was started in the
early 1950s.

The development of the pesticide industry is closely connected! with
the production of organic chemicale and intermediates, and even now we
have no basic synthesis, but only the production of pesticides on the basis
of imported intermediates o¢ raw materials.

There was very dynamic growih, particularly in the period 19%60—1966,
and we established the production of copper s ide, copper oxychloride,
lead arsenate, zinc phosphide, mercury triacetate, methoxyethyl mercury
chloride and acetate, zineb, DNOC, DDT, lindane, TMTD and amino-
trigazines.

in 1966, we produced 11,900 tons of copper sulphate and 3,430
tons of other pesticides. The amount of copper sulphate used is diminishin
because of increased use of organic compounds, and in 1970 only 8
tons of the 14,900 tons manufactured were used in agriculture. In the
same year, production of other pesticides was 6,000 tons.

The production of phenoxyacetic acid derivatives, such as 240 and
MCP was begun, but had to be stopped because of problems ! river
pollution with phenolic wastes. The production of pyrrthrum dusts was
increased. and there was also a domestic production of pyrethrum extract,
but this was neglected because of competition from the imported extract,
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and has now ceased Changes 1 the use of chlonnated  bvdrocarbon

cnvatives heve hrought us considerable problems o the control o1 i
and ‘orest pests

Sestdes the problem ot our underdeveloped crgemic wnthews nduos
try, there s also the problem ol economic capacities o plars fnomany
cases, plants ot small capacity are uneconomic and the s of act e

ngredients 15 cheaper but as soon as there 15 4 surplus problems of expOrts
to Western countnies anse. owirg  to patent  and marketing  difterenc es
In recent vedrs. an nareased trend towdrds jJoint capital invesiment even
0 this hranch ot mdustry became possible under new regutations

The second problem s the steady .hange 1n the use ot pesticidles
There are only a tew (ompounds which (ouid hold  the position o
copper sulphate or DDT In Yugoslavia tnazine <eems 1o have similar
importance and considerable expansion ot its production i the next few
vears can be toreseen from the beginming of this vear the use of chlo
nnated organic compounds was severely imited and partally pro. ihited

There are also probleins connected with the control o1 pollution
Compliance with the regulations not only increases the capital nst ot
new plants. but also himits the choice of location

There 15 also another minor reason tor the siow development ot
pestucde production in our country. This industry has a relatively low labour
requirement in comparison to its capital investment cost and the value
nf the final products.

Yugoslavia has a rather well-developed capacity for the formulation
of pesticides. The production of raw materials takes place in eight facto-
ries, formulation in twelve, mainly because of transport difficulties and the
different needs of agriculture in different regions These companies formu-
late about 450 final products, and besides active materials from domestic
production use about 110 types which are imported We have domestic
production of some surface-active agents and solvents a d there is a
choice of good fillers and carriers for dust and granular formulations

Statistics produced in Yugosiavia refer to products, not active mate.
nals. In 1965, all formulators produced 118,000 tons of different final
products, but in 1970 the figure was only 33,800 to.s The difference is
due to exports of different dust formulations and the rapid change of use
from simple dusts to wettahle powders with a very high content of active
mngredients The general change to more concentrated products of better
physical properties is slow due to lack of experience and the high cost
of imported equipment, but nevertheless does not pose such great pro-
blems as the synthesis of active ingredients, and today total capaaty of the
formulating industry is about 45,000 tons per year (products).

The future trend will be towards modernization of existing plants,
and no new capacities are planned. Statistical data show that we used
2.1 kg/ha in 1965, and 27 kg/ha in 1970, less than our neighbours in
Bulgaria, Hungary and Romania. This is due to differences in the struc-
ture of agriculture and to the uneven development of regions of Yugos-
lavia. The largest consumption is on the plains in the northern part of
the country. Future growth will depend on the intensivity of agricultural
production, where it is necessary to consider not only higher yields but
also proper application equipment, and just that can be the problem of
the small farmar who is an important factor in the structure of Yugoslav
agriculture.

| think that in some developing countries problems of the availa-
bility of proper equinmnt must be comsidered with the same attention
#s the production of pmticide.

At present, Y produces pesticides almost entirely for home
consumption, and e tronds will strongly on progress in
agriculiure and the profitebility of production ; on possible
arrangaments for @xport 1 other countries ; and on further improvement
in the general standerd of Iving.
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