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1. FERTILIZERS - GENERAL

1.1, EFFECT OF DIFFERENT FERTILIZERS ON PLANTS

. CLASSIFICATION

Fertilizers may be divided :into three categoriaes

. Fertilizers ag such, or major elements : these
are nitrozen (calculated as N), phosphorus (calcy-
lated as P,0¢) and Potash (caiculated as K;0),

' ' - Ameliorators : rthese include lime, magnesia,
plaster, humus, clay and sand, and are used o
improve the physical, chemical and biclogical
properties of the soil in order t¢ enhance the
effect of the fertilizers themsalves.

. Micronutrien:s, or miror elements, boron, manganese,
Zinc, nickel, ete... These are found in trace
form only, bu* are nevertheless vital to plant
growth, both in quantity and in quality, A lack
“Or an excess- of these elements is particularly
noticeable.

I. FARMING PRACTICES

To allow a seed to treathe and develop into a plan-+
with good roots and radicles, the earth has to be
broken up. Plant §rowth requires substantial amounts

of water which can re retained only if the earth is
able to absord rain water,

The aim of the various farming operations practices
~ploughing, harrowing, rolling, hoeing- is to break up
the earth suitably, but these dlone are not sufficient
t0 achieve the optimum physical condition ; the tilth
has to be corrected by the addition, often in consi-
derable quantity, of whatever constituent is lacking,

e.§. humus, clay, lime or sand. This is the prime purpose

of ameliorators.
M
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The microbial life of the soil, a great stimulant

to plant growth, has to be enccuraged : enemies

such as infusoria and protozoa can be combatted

by special applications, e.g. carbon disulphide,

lime hypochlorite, but most important is to

promote microbial development 5y creating a favourable
environment : this 1s tha second ouropose of amelicrators.

3. AMELIORATORS

I.

Humu s

Humus results from lignin decomposition. It is
introduced into soil in the shape of natural or
artificial manure and organic matter such as
leaves which rot giving leaf mould, brushwood,
rush, branches, manure crop, atc..

Humus lightens the soil and holds water. It favours
bacterial growth.

The liquid manure found in farm manure contains
1 to 2 million bacteria per granm.

It plays a part in plant feeding in the form of
calcium humate and also acts to solubilize and
disperse P,04.

The fact that it forms humic acids which neutralisge
with lime points to its tendency to acidify soils,

Lime

Lime must be added regularly to soil to nreutralise
the action of humic acids.

Lime plays an important part in nutrition.

It breaks up soils ~hat ars: over-solid, i.e. those
with high a clay content.

For liming either quicklime, left in little heaps
in the fields to burn out before being spread over
the earth, or else crushed slaked lime, which can
be applied at once, is used.

Limestone

Powdered limestone is used, the finer the harder
(60/100/180 riddle). Its effect is to release
potash by ion transfer from insoluble compounds.
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4.

Plaster

Plaster also has the property of causing clay to
coagulate, thereby lessening the impermeability
of the soil. It helps form absorbent complexes,
and erncourages nitrification (pH).

Clay, Sand

In some cases too light soils have to be correctad
by the addition of fertilizers to the tilth.
Conversely, over-heavy scils can be improved by
having sand added.

ELEMENTS AND FERTILIZERS

.

Carbon

Carbon derives from carbon dioxide (air, water). The
gas is broken down by leaves under the effect of
sunlight, the carbon being fixed and the oxvgen
given off intc the atmosphere - this is the
chlorophyllian respiration.

Lighting has an important effect on chlorophyllian
assimilation and synthesis. Lighting covers not
only visible light bu*t also infra red and ultra
violet - maximum photosynthesis energy occurs at
around 8580 A,

Qxygen

Oxygen derives from water and carbon dioxide.

Hydrogen

Hydrogen is cbtained from water.

All these elements (C, H;, 03) would combine in the
form of carbohydrates which through polymerisation
would yield glucose which in turn by giving off water
and oxygen would generate cellulose.




4. Nitnogen

¢ Function

Nitrogen is the essential vital element, as it
g§oes to make up protoplasm, albumin, and above
all protein and chlorophyl. It generally
determines erowth. It is found in the highes<«
concentrations in young tissue.

In addition nitrogen feeds the micro-organisms
in the soil, promoting decomposition of organic
matter.

® Sources

Nitrogen is cbtained from three sources :

Some bacteria fix atmcsghcric nitrogen directly
whereas others change nitrogenous matter into
nitric ions. Plants that fix nitrogen are
generally of the leguminous type.

D] Vegetsble zscompositicn_ang organic_metters

Cecomposing vegatables (manure, cil cake of
various sorts) and organic matter (blood, horn,
hair, skin, etc..) constitute sources of

or;anic nizrogen and follow the ni<rogenous
matter transformation cvcle.
c) Eegtiiizers

Fertilizers provide nitrogen in two forms

Ammoniacal form : phosphate of ammonia,

cnium suipha<te, not always absorbed
immediately by plants as bacterial action is
first required to change them into nitric
nitrogen.

Note the direct application of ammonia

as a fertilizer. gt can be added directly

to the s0il in the form of either water
solution or liquid anhydrous ammonia. Unlike
nitric nitrogen, this type of ammonia remains
in the ground and is not washed away by rain
water. Nitrification speed depends on the
acidity of the soil.

I
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Nitric form : sodium nitrate, lime nitrate,
potassium rnitrate, ammonium nitrate - these
fertilizers can be assimilated immediately

by plants, and their effect is very strong.

In nitrate form, nitrogen is soluble ; it
encourages plant stem and leaf growth but
does not increase the plant's resistarce.
Plants canno*t get rid of surclus nitroger,
since it s-imulates leaf growth., At the
same time i~ a" .30 ennances evaporation,
thus in a hot climate a surplus of nitric
nitrogen is particularly dangerous.

§. PhoAphorous

® Punction

Phosphorous plays a major part in cell
composition (phytin, lecithin) and in
forming fats and fruics.

It determines crop quali<zy, regulates growth
and lessens the risk of crops being Leaten '
down. It is vital to bone formation, and
together with nitrogen governs growth.

® Sources

It is customary in agriculture to consider
phosphori¢ units, not in the phosphorous
form (P) but in the form (P;0¢) ; thus when
fertilizer strength is referred to in terms
of phosphoric acid, e.g. & super 15 %, such
as {ortilizcr then contains 15 % P,0s, not
18§ P.

a) Farm manure

Manure always contains a certain amount
of phosphorus. In addition, the organic
content has a beneficial effect on the
soil, breaking it up and allowing some
of the minerals in the soil to be assimi-
lated.
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B) Ameliorators_ang fertilizers

+ Ground phosphate : this is a low=solubility
ameliorator, lasting 4 to § years,

. Basic slag, which alvays contains free
lime - especially suitable for acid soils.

+ 40 % P,0g dicalecie phosphates, which
though non water-soluble can be totally
assimilated.

» Superphosphates of 14/15/18/20 % strength
where phosphorus in the form of mono-
calcareous phosphate is MOstly water-soluble,

. Salts, such as ammonium phosphate,
nitrophosphates, potassium phoschate
=these are expensive fertilizers but are
fully soluble and give immediate results,

Assimilable phosphoric acid sal-s aid
plant growth, help regulate nutrition by
fortifying them and are particularly bene-
ficial to seed formation.

.Potash

@
Function

Potash is resporsible for sead and fruit qualicy.
It promotes sugar and stareh formation. It
reduces plant transpiration by retaining water
in the cells, thus enabling the plant better

to stand up to drought and fros=.

Sources
a) Qrgenic.refuse

All organic refuse, including vegetable ash,
contains potash to varying degraees.

B) Potessic fertilizery

These include :




. Sylvinite, a low strength potassium
chloride containing impurities in the
shape of sodium chloride and magnesium,

- Potassium chloride, varying in strength
from 49 to 63 % K20.

+ Potassium sulphate, resulzing from sotas-
sium chloride breakdown 5y sulphuric acid.

Chloride and sulthate mus* not ke used indis-
criminately for all crops ; tobacco, for
example, requires a potassium sulphate based
application, never potassium chloride.

Potash seems to play an essential role in

the assimilation of carboric £as and nitrates.
It helps carry organic acids and improves

the plart's resistance tc disease. I+s

action is therefore a multiple one, and not
just the direct action of the element itself,

MICRO-NUTRIENTS

These act at a homeopathic level. Like vitamins, they
are indispensadble, but an excess is definitely harmful.

Great care must be exercised if adding them to a compound
fertilizer to ensure a homogeneous resulr.

ASSIMILATION By THE PLANT

The principle of fertilizer assimilation by plants is
not fully understocd, but rhe use of radio isotones
offers a new technique for study of this process.

Absorption of a soluble substance Dy osmosis is
comprehersidle, but it is difficult to account for the
fact that some insoluble substances pass through meme
Pranes and are found in nlants.

Soluble fertilizers, being dispersed through the soil,
have the advantage of being more readily accessible
tO roots.

The plant makes its own choice of nutrition, seeking
within the range of its radicles the elements it
requires. Successful assimilation depends on thorough
spreading and if possible watering.
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Plant roots secrete acids which solubilize non water-
soluble substances.

Roots cften penetrate deep into the soil and are able
to draw up from below the elements required by the
plant. Lucerne roots, for instance, have been found
tOo reach a depth of 2.5 metres, and this is turned =o
advantage by farmers who rotate Crops so as to ge<:
the best cut of the soil.

SOIL pH
I. 8042 pH

The extremes of soil pH recorded are 2.3 for
acidity in FINLAND and 9.5 for basicity or alkali-
nity in EGYPT. These two levels are, however,
exceptional.

In FRANCE farm land rarely has an acidity level
Pelow pH S or a basicity level above 3.5. Chalky
s0ils are somewhere in the region of 8,

A slight variation in pH is encugh to have a
considerable effect on indigenous vegetation and
on crop type.

2. Causes o3 404k acidity

Soil acidity is caused by the presence of H ions,
which can be exchanged with sther ions such as
Ca, Na, etc..

In other words, if soil containing H ions is
treated with a solution containing Ca ions, the H
ions disappear, bdeing replaced by the Ca ions. The
converse is also true.

Exchange H ions in soil are mestly found in
argillacecus or humic colloids.

5. Causes 04 acididication

Soil acidification is chiefly caused by the washing
action of rainwater which carries lime carbonate
-4 neutralising agent- down to the lower layers,
and also by accumulation of acid organic matter.
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Farming, especially ploughing which brings the
deeper laysrs up to the surface, and root activity
have the effect of delaying soil acidification.

In fact, if cultivated land is compared with
nearby uncultivated land, the difference is
substantial, often some 2 to 3 p»H units.

Nevertheless, with inrtensive farming the use of
fertilizer is responsible for some acidification.

All the ammonia salts, sulphur and urea are
acidifiers ; potassium salts, supers, lime and
potassium nitrates and oilcake have no effect,
while cyanamides, slag, sodium nitrate and basi-
phosphates are alxalizers.

Peants and so0L& reactions

Indigenous plant growth is an indicator of soil
reaction. Some plants are typical of acid soils
and others of alkaline soils.

The ideal growth condition for most cultivated
plants is a more or less neutral soil. A number
of plants can, however, tolerate slight acidity.
Barley for instance is sensitive to acid, wheat
somsw%at less so, while cats and rye adapt %o
acid soils.

Seetroot grows at between 7 and 7.5 pH but at 5.8 pH

iminish. The potato tolerates higher levels.
Leguminous plants require a neutral or slightly
alkaline soil with the exception of the lupin, the
least sensitiva of all +o acidi<y, which grows in
soils up to 2.3pH.

a
<
-
a
-’

P

Many horticultural plants, such as pinks, chrysane-
themums and cyclamen do best in acid areas ; a Lot
oF Zlowers an5 shrubs prefer an acid soil and are
grown in compos® or heathe-mould.

Soil reaction is also very important to microbial
soil life. Ammonification -transformation of
organic matter into ammonia, and nitrification -
transformation of this ammonia into nitrate- take
place when pH is between 7 and 8, i.e. in an
alkaline environment. Nitrogen-fixing microbes
(azotobacters) are no longer active once the pH
falls below 6.,
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Con4cguenc¢4 04 s04il acidity

As far as cultivated land is concerned, soil
reaction has two consequences :

. it may or may not promote growth of some
plants. As mentioned above, each plant has an
optimum pH growth laevel.

.« it has an effect on s0il struc+=ure. Whenever
a4 certain amount of clay is present in the
soil it is vital, in order to make satisface
tory structure and ease of labour, to have a
sufficient amount of limestone, so that such a
soil is basic or at any rate neutral.

However, some alkaline soils can have an extraee
mely poor s<iructure, as for ins<-ance when calcium
salts are replaced by sodium salts - sodium
having the property of liquefying clay. Such
soils are highly basic. This soil type occurs

in EGYPT, ALGERIA ard the CAMARGUE.

Neutrabisation o acdd 30iLs

In practice orly the application of lime or lime
carbonate will make acid soils more neutral.

Liming should be moderats, ever if this means
increasing the freguency, and the application of

organic matter, manure and manure crop should no=
be stinted.

Retention by the so il

The three basic fertilizers, nitrogen,
phosphate and potash, react differently to rain
and erosion in typical arable land.

Highly scluble nitrates are washed away by the
first rainfall and thus lost to the crops. It is
therefore preferable tc spread them at the moment
when they will be used by the plant, in small
successive amounts.

Phosphoric acid i{s absorbed by the soil and spreads
only over a small area of about 10 cm around the
seed itself. It thus represents a store lasting
several years which can be used by successive crops.
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Potash, more solubre than phosphoric acid but less
SC than nitrates, Spreads over an area of 35 cm
during the year, so that each year ploughing brings

it up into the arable layer where it is accessible
to roots.

These are, however, no* the only factors affecting
salt dispersal in soil ; alternating rain and
drought cause saline solutions %o sink ard rise e
the surface.

Retention varies greatly depending on soil type,
being particularly efficient in argillaceous soil
and peat, but very poor in sandy soil ; in the
latter, fertilizer has a very fierce effect and

piants should be "hand fad" in small, frequent
doses.
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THE MAIN FERTILIZENRS

INTRODUCTION

Soil which supports plant life is tasically composed
of an organic frame (humus) and mineral salrs,

Cf the mineral sal*®s the chief one is clay = 13 1o

35 % depending on soil type. Clay is a sedimentary,
silicate, aluminous rocks, basically composed of
phyllite or fibrous minerals and formed by wea<thering
of feldspathic rock (of a diameter greater than 2 microns).
Limon is also found, with a diameter of 20 to 2 microns,
and inevitably -in the form of mineral saltse various
types of sand which are loose sedimentary rocks, most
often quartz. Sand can be classad as gravel (diameter
200 to 20 microns) and coarse sand (2 to 2300 microns).

Organic matter is basically composed of humus formed
by lignin decomposition and micro-organisms.

Clay, in the shape of a colloid made up of hvdrous
alumina silicate, has a layered structure. Water
molecules penetrate between the lavers, Clay is
adsorbent, and uses water to fix fertilizer solubles
which are then passed on to -he plant. This process
is facilitated by Brownian motion.

The purpose of fertilizers is thus to restore to the

s0il menerals removed by Crops and erosion. The g0il

type (pH) can be altered through organic or inerganic
ameliorators.

Fertilizer may be applied either as such, in the form

of inorganic chemicals, or in the form of natural

fﬁrt% i128r containing organic and inorganic components.
¢ .latter type was for many vears the on y kind of

fertilizer used. Fertilizers can be divided into
three categories :

. organic fertilizers
. natural inorganic fertilizers

. synthetic fertilizers.
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13.

ORGANIC FERTILIZERS

The main organic fertilizer is farmyard manure.
The so-called average content of farmyard manure is :

9.8 % total nitrcgen
0.+ % phosphorus '

0.5 % potash,

though in many cases it is less rich as a result of
deterioration in storage.

The organic matter found in manure nas a favourable
effect on soil as it breaks it up, so +that par+ of
the scil mineral content becomes assimilable.

Other organic fertilizers include : w
. dried blood

. human excrement {

wool waste

. bones, used either :
- untreated : "green bones"”
-« as bone ash

. Ollseed ocilcake

. compost (created by aerobic fermentation of house-
hold waste)

. guano.

Amounts of minerals put into the scil by this type of
fertilizer are very small. Moraover, in the case of

farmyard manure, for instance, its effect is only to
put back into the soil part of what was taken out by

the crops, thus keeping the soil properties constant
without correcting any imbalance.

When organic fertilizer sources - generally of local
origin - became insufficient they had to be supplemented
by fertilizer of purely inorganic origin, and thus the
inorganic chemical fertilizer industry grew up.
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Inorganic chemical fertilizers provide the desired
amount © ertilizer in proportions suited to each
$0il type and crop. They can be broken down into

natural chemical fertilizers and synthetic irorganic
chemical fertilizers.

NATURAL INORGANIC FERTILIZERS

Conversely to the above type, such fertilizers 4o not
contain natural organic mattaer, yeT are equally
effective in enhancing soil fertilicy.

Natural fertilizer resources are abundant, b>u< these
are not directly usable by farmers. It is through the
chemical industry that they can be developed for ugss.

Although potash is the most reacily available of
fertilizers, its recovary and purification require
sizeable plant.

As regards nitrogen and phosphoric acid, substantial
technical facilities are required to achieve an
easily assimilated, easily handled form.

1. Potassdic 4ertilizens

The only commercially produced agricultural
fertilizers of this sort are chloride and sulphate,
the effective ingredient being exprassed in Terms
of oxide (X20).

The major sources of po-assiunm salts, chlorile

in particular, lerive frem various rocks o
carnallize, sylvite, kainire, leucite, polyralire,
etC.. type. Such potassium salcs are generally

formed by the concentration and drying up of a
former sea.

Ores u;cd particularly in the preparation of
potassium chloride are hartsalz, sylvite and
carnallite, in ascending order of ¥mgortanc .
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Qre_processing

Ore is crushed, may be magnetically separated,
and is then sent to dissolution., If the ore
contains a high proportion of magnesium salts,
the first washes are treated with limewash, the
quantity being calculataed =0 ensure the following
reaction

Mg SO, + Ca (OH), ~ Ca S0, + Mg (0H),

The solution is filtered and sent to crystallize
ation, the salts obtained being insoluble, By
cooling a crystalline mass with about 55 % K CL
is obtained after fiiing with a sal+ saturated
solution, and afrer drying potassium chloride of
37 to 39 % K CL strength is obrained,

Nitrogenous dertclizens

Natural mineral nitrogen rasources occur principally
in the form of sodium nitrate, of which world
supplies -concentrate virtually exclusively in
CHEEE- are insufficient toc meet worldwide demand,
and the distance from main consuming centres is a
major drawback.

There are practically no natural minerals that
contain ammoniacal nitrogen.

The solution was therafore to make use of the
commonest source - <he air, which contains 738 %
elementary nitrogen that can bde transformed in+o
assimilable form.

Phosdphoric {ertilizens

Phosphorus is abundant In 4 natural state
in the form of phosphates, but up %o now only

calcium prhosphates have been used for agricultural

purposes.

Flucrine is practically always associated with
calcium phosphate, giving either crystallized

compounds of the pure apatite type (as found in
the KOLA peninsula) or elve amorphous varieties
when other compourds are involved, CO; Ca, etc..
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Large deposits of these phosphorites occur in
NORTH AFRICA and the U.S.A. particularly.

The apatite structure, characterised by the
presence of fluorine in the phosphate molecule,
means that it cannot be as<imilated by plants,
or at any rate only extremely slowly, unless it
is very finely crushed and the soil is acid.

Thus emerged the no<icn of phesphoric acid assimi-
lability - it was found from experience that in
order to be assimilable P,0¢ must be in an ionizable
form ; this may be rendered by a number of phos-
phoric acid compounds, soluble either in water or

in other media such as ammonium citrate solution.

.......

The fertilizer value ~f unprocessed natural
phosphates is still under discussion. Although
they have the advantages of low cost price and
the possibili+ty of using low strength ore, with
no chemical treatment, it must be remembered that
consumption over the same area and for the same
yield is markedly higher than in the case of
superphosphate,

They are ground as finely as possible with the
aim of being left with no more than 10 % tailings
at 170 riddle size (1860 microns).

Ground phosphate, being irsoluble in water, is
suited to moor and heathland, where the sandy,
clayey humus contains little lime, or in acid
prairies.

In such cases the acid roo* excretions are
sufficient to dissolve the calcic salt, but it
could not bte applied to land used for rapid growth
plants such as cereals.

Note that solubilisation of natural phosphates
is distinctl; activated wher they are mixed with
dolomite (5 to 10 %) and calcium sulphate.

Rock phosphate in a finely ground form may be
used on moderately to strongly acid soils and
particularly for long season or perennial crops
with extensive root systems on acid soils in the
tropics.
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4. SYNTHETIC FERTILIZERS

I.

Nitrogenous jertelizens

Ammonia is the dasic raw material ised for nitrcgencus
ertilizers. Nitrogen is gererally <ncwn as <he
essential constituent of manurirg. I+ is alsc the

MOst expensive ingraedient, hence <he desirapilicy

of cutting down fertilizer costs for the same

yield through use of a concentrated, active product.

Ammonia with 4 molecular weight of 17 contains
14g nitrogen in the gramme-molecules, its commercial
strengti beding :

is x 103 = 32 § nitrogen,

17

Its density in liquid state varies between 0.58
and 0.32 at 15°C, Boiling point at atmospheric
pressure is -33°C., Ammonia can therefore be kept
in 1liquid state cnly under pressure - the rressure

varying according to temperature.

Temperature °C -32 -5 s} *5 +18 +80
Pressure (bars) 1 3.5 4,2 8.1 7.2 20

Soil nitrogen, in order to be assimilated by plants,
should be in nitric form. The ammoniacal form is,
however, of some interest, in that through

Dacterial activity is gradually changes into an
assimilable nitriz form, the resulting fartilizer
acting over a longer pericd of time,

Ammonia can be synthesized petrochemically, using
hydrogen obtaired from hydrocarbons and nitrogern
taken foom the air, and ammonia =43 mentioned abcvee
is the key to the gynthesis of all other ritrcsencus
fertilizers,

Ammonia synthesis processes Operate ar different
pressures and temperatures, but all the products
obtained can be situated with reference to some
point on the grade established in 1892 by

LE CHATELIER.

Ammoria from a synthesis plant is recovered in
liquid form and used directly in fertilizers. The
main ammonia-based nitrate fertilizers are listed
below :
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Used as such for nitrojection ard liquijection

Reacting with sulphuric acid, to yield amminium

sulphate

Reacting with nitric acid 2o yield ammonium
nitrate

Jsed in the manufacture of compound N.P.X,
fertilizers, ei-her in nitric acid form Sr as
such (ammonizatior)

Oxidized to produce nitric acid which in turn
is used :

 in ammonium nitra‘e
- in lime nitrate
= in compound fertilizer manufacture

Used with residual CO; from ammonia synthegis
to produce urea

Used in the manufacture of l1iquid fertilizers.

E{fect o4 synthetic nitrogenous jertitizery - 8aie
descreplion o QAR mMainusacrture

e)

Ammeniecal fertilizers

Ammoniacal fertilizers may :e divided into she
following tyces

Ammonium sulphate, obtained by direct reaction
of ammonia on sUlphuric acid within a
sulphate solution. The resulting supersature

ation leads to the formation of crystals, which
are dried defore being sent toc the silo.

Urea is obtained from the reaction of ammonia
with cardon dioxide in synthesis autoclaves
under 130 to 20) bar pressure and at a temp-
erature of about 185°C, Manufacture comprises
an intermediate stage, that of ammonium
carbamate which by dehydration yields urea.
After being condensed and filtered the
concentrated urea solution is pulverized 3t
the top of a prilling tower.
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Effect : the effect of ammoniacal fertilizers
proper is progressive and continuocus, as

the nitrification process taxes place cver

a period of time. They are retraired by the
scil's power of absorption and are especially
affective against winter soil leaching.

The main fertilizers of this type are lime and
sodium nitrate.

¢ Sodium nitrate
This is no longer used.
® Lime nitrate

Lime nitrate is releasad in the form of a
solution when natural phosphates used in
compound fertilizer manufacture reacted with
nitric acid. The salt igs crystallized bdy
cooling and centrifugally separated,

¢ Effect

Nitrate fertilizers being highly soluble are

4t once absorded by the soil. As ro previous
microbial transformation is required, they

are very rapidly assimilated bv plants,

hence their particular value wher swift action
is indicated, as in the case of la‘e spreading.

This category includes the various ammonitrates
and ammonium nitrate.

¢ Ammcnitrates
Rich ammonitrate (33.5 %) obrained by

ccating ammonia nitrate granules with
chalk,

« 22 % ammonitrate, which contains a greater
quantity of lime cardonate.
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* Ammonium nitrate with 34.8 §% nitrogen

The basic ammonium nitrate soluticn is
ocbtained by direct reaction of gaseous
ammonia with nitric acid. The solution is
then concentrated, and pulverized into fire
droplets at the top of a granulation tower.
As they fall <he drcplets are solidified on
meeting rising cold air,

¢ Effaect
R

These fertilizers are the most popular with
consumers in EURCPE. The associa<-icn of ammo-
nia and nitric acid means +that the agronomic
properties of <he twc far+tilizers car >e com-
bined in one su:bstarce.

Jitrate nitrogen, the firs=t t3 Sa At sorbed, ac*:
very swiftly. The ammonia rnitrate, on rtne

other hand, is fixed by the soil's powaer of
absorption and released gradually. Ammo-
nitrates are thus very versatile in uga.

Gomegung fertilizers

The three basic elements -« N.F.XK., -
back into the so0il, bHut mest fertilizers contair
only ore of these elamenrts,

Moreover, a simple fertilizer (one which is
either nitrogencus, thosphatis or dctassiz)
efficacious only if a sufficient juanticy of
other essercial nutritive elements iz already
present in the soil,

Should this rot be so, the application of a
simple fertilizar represents naecless axpense
and may even lead <o a drep in yield. Manuring
must therefore Le complete and balanced, and
this is achieved by use of compound fertilizers
containing the three important elements :

nitrogen, phosphorous ard potassium (N.P.K.).

Each crop's fertilizer renuirements ares
different, as regards both to+tal quantities and
speed of absorption during growth.

This would appear to restrict N.P.K. fertilizers
to a small number of formulae only, However, such
is far from being the case.
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In fact soils on account of their absorption
facility are able to store phoschore

otash and lime, in varying amounts and for
§T?T35ing lengths of time. Wi*h regard to the
above elements the aim of dressings is to
maintain or build up the quantity of each stored
Dy the soil rather than to match the supposed
needs of any ore crop. This unfortunately does
not apply =0 irorgaric nitrogen which mos* soils

30 _not store well, sc *na- adciticral acolicatison

o ertillizer have T2 ba matchad o ar P grow=h
patterns.

This 3tate of affairs ~“arran<ts meeting reeds by
4pplying jus< <he righr amoun=- »f nitrogen for
present regulireme~ts <sgs<her itk Phosphata and
potash in quantitias desizred =c ma<=h the avaera-
ge needs of saveral arc wrerea Irop rozavticr is
practised following a :

A @ BN /N1 7Y

[T BN

i1t has been found from experierce that in most
cases a small number of carefyull, selected
formulae provides all <ha- 1s required in the
way of plant nutrition and a* the same time
maintains soil fertili-y,

The use of formulae relatively rich in P as
against N offers a means in some cases of
further relaxing the matching of the nitrosancus
component to growth requirements, Particularly
when the latter are especially subject to meteo-

rclogical conditions and cultivating practices.

In view of the very composition of compound
fertilizer, with the obligatory association of
nitrate nitrogen and phosphatic compounds, the
advantagss became apparent of manufacturing

& fertil zer where natural pnoszhate P04
solubilisation is achieved through nitric acid
instead ¢f sulphuric acid.

Benefits are threefold

» Savings of sulphuric acid

« avoidance of the large calcium sulphate
part, resulting in a more concentrated
fertilizer

- the fertilizers in the end-product are ro

longer merely roughly mixed but are closely
combined at molecular level.

=
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Fertilizer ¢n

-in_solution

Such fertilizers, whether niwrogencus , binary or
ternary, are concentrated soluzions of classic
fertilizers (urea, ammonium nitraze, sulphate,
phosphoric acid, etec..). They are the most

recent tc Decome availakla for agricultural use,

and the versatility of their formulae and |
drades make them the fartilizers of -he fusure ‘
for sophisticated agriculrura.

Liquid fertilizers may be classed as follows :

® Vapour pressure solution

Such products con+tair ammonia and must
therefore be stored in sealed conzainers,
They fall into two Types

+  4mmoniawater with a low nitrogen density,
SbTaTrned by dissolution of ammonia gas
in water. .

- gomposite solutions of salts anc_ammonia
In"water™ (Sareft 1IquorsT. THese usually
contain urea and/or ammonium nitrate
in solution. The nitrogen dernsity can be
increased by bubbling ammonia gas in the
solution,

Solution without Vapour prassure

Such solutions are the most widely used in
FRANCE. Unlixe <he 1iquid fertilizers
described above, thasa clear solutions may

bDe stored ard nardled in the cren with no
hazard to personnel and no risk of nitrogen
loss. This Category covers many possibilities:

- - -

JenisT+y Trom 27 To 40 kg of nitrogen rer
100 litres, They contair urea, ammoniunm
nitrate ard/or ammonium sulpharte,

+ Nitrogerous solutions : these vary in niwogen

. Binary N.P solutiors : thosphoric acid is
mainly~obtained From ammonium phosphate,
Cepending on whether the base is phosphoric
acid of superphosphoric acid - a blend of
ortho -and pofypﬁospﬁoric acids- the
basic formula is more or less concentrated
10 kg of nitrogen and 30 kg of P,0¢ per
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100 litres using phosphoric acid, ard
14/48 with superphosphoric acid. From
14/48/0 and urea or ammonium nitrate a
numbar of binary formulae can be derived,
e.g. 20/10/0, 17/17/C, ete..

. Zlernary N.P.X, solutions : a large
Rumber 5f formulae May Se preparaed.
Nitrogen is obrtained from ammenium thos
phate or urea, choschoric acid from 12/
and potash from potassium chioride or
sulphate. ‘

4 Supersaturated solutions

These are suspersions, or muds, obtaired by
taking concentration bevond satura+-ion
limits. Various products «for ins-arce,
colloidal clay- are added to the suscension
to inhibit crystallization.

-
+3/70

Such fertilizers may also be obrtaired by
direct reaction, vielding finely divided
solid compounds which are maintained in
suspension. In the lat+er case raw materials
need not be the same as for clear solutiorns.

Synthetic phosnhordic {evtitizens

The whole phosphatic fertilizer industry is based
on the transformation of natural phosphates
(tricalcic phosphate (P0,); Caj) into compounds
which can >e assimilatad >y plants (monocalcic
phosphate or shesoheric asid whnish is f.r=ner
sonrver+ed v= MAP Ar [AF,
It would seem that the phosphoric molecule is
assimilable in iss simple form but rot in *he
compound (flucephosphoric or apatite) state i.s.
natural phosphates which mostly have a P ratio
2Vs
Teater than J,7891 - equivalent to nure apatite
(PO,) 2CA F3Ca . The fertilizer industry *herafore
Seeks O ralease the anhydride from its flucrine
compound by either direct attack (by a strong
acid) or heat treatment.

Once the fluorine compound has been broken down,
the anhvdride becomes assimilable and retains
this property, even after insolubilisation in
the s0il, provided that it {s not accempanied by
4 Teturn to a compound state.
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Chalky soil is improved by liming and the phosphatic
?crfi%!
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Zer remains assimilable, whether in soluble
from or net ; in an acid

contains sesquioxides
iron phosphate and

aluminium,

80il which generally
t 1s partlv transformed into

Phosphatic fertilizers may Le classed in four

categories

« Crushed natural

ground)

thosphates (reffared <o as

. simple and zriple superphosphates

. bonre superphosphatas

. basic slag.

There is more call for su

triple) in which monocal
predominate, than for the "Zrou
Their degree of assimilation ap

perphosphate (super of
cic phosphate and sulphate
nd phosphates”.
rears markedly higher,

Phosphate typs % P:0¢ Assimilation| E#fsct on the ooi{

{

"Ooubla”superphroschate 34 §s reutral i
Crainary superchosprate 14 - 18 30 nsutral !
Baeic slag 18 a0 alcaline i
Scne ash (4 % Nj) 20 70 alcaline }
Crushed matural phosphats 0 - 38 25 alcaline i
Apatite 38 - 42 28 alcaline ;

- 6 & G G & a0 G 6 ¢ = & a» b OGP G @& = = - |

3iperphosgnates

This name refers to the result of natural
phosphate and bone ash at<-ack
acid (53° 8,, or 56/68 § SO.H32).

5v sulphuric

Sulphuric acid tends to have the effact of
transforming insoluble tricalcie phosphate
into monosoluble phosphate.

If instead of using a fairly

sulphuric acid on the natural
a triple quantity of

acid is usde, phospohoric
acid is obtained in a concentrated soLlution

small quantity of
phosphate (17/17),
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together with plaster, which is removed by
filtration. Large amounts of sulphuric acid
are used in this process, hence the accent in
industry on decreasing or eliminating sulphuric
acid consumption for natural phosphate solubile
izarion.

7arious processes are in use. In thermal treatmen<
for example two methods are available

. Phosphoric acid can be prepared by reducing
natural phosprhate with coal in the presence
of silica in an electric oven, the phosphorcus
obtained being oxidized in air.

The phosphoric acid obtained is pure, >Sut a
large amount of electricity is consumed in
its manufacture,

. Calcc-alkaline phosphate may be prepared by
substituting a alkaline metal, such as soda,
potash, etc.. for part of <the natural phosphate
lime.

This reaction takes place in sresence of
silica. The required temperature is not so
high as in phosphoric acid manufacture, but
ts still fairly high, and <his process is
not very widly used (defluorised nhosphare).

There is ancther rrocess in which natural
phosphate is corroded by hydrochleric acid,
obtained as a by-product of sodium chloride
electrolysis or potassium sulphate manufac-
ture, for example, the phosphoric acid then
being precipivated by limewash. The resul:

is blcalcic phosphate, an excellent fertilizer
(precipitated ~hosphate),

Concentrated doudle or triple_superghosphate

B I S SN Y-S =gy -

The P20s content of such fertilizers may be as
hizh gi 50 3 3 their manufacture is similar Tc
that of "super", a phosphoric acid solution
taking the place of the sulphuric acid in the
natural phosphate treatment.
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Eoricned superghospnates

Sulphuric acid with phosphoric acid added at the
natural phosphate at<ack stage yields

enriched superphosphates with 22 to 23 % P,O«.

Phosphoric acid can also be used *o manufacrture
mono-ammonium or diammonium-phosphate, wnich

is a base for very high fertilizer content
compound fertilizers.

The following compositions may be cbtaired :

RATIO FCRMULA
Binch fertilizers
from PQuH, ang 1. 1.8 -0 23 - 33 -0
NH3 alcne 1. 2., - 0 18 - 48 - 0
1. 300 - 0 15 - 4& - 0
1. 403 - 0 11 - 4& - 0
sdqing NO;NHu 1. 0.8 « 1 18 - 9,8 - 18
10 007 - 1 15 - 12.5 '15
10 105'1 18.24 .15
Turncrx fertilizers
Nith CIK "-o 005 - 1 19 - 305 - 19
POQHa 1. 007 - 1 15 - 12.8 - 15
1. 1.0 - 1 17 =« 17 < 47
1. 1.0 = 1 14 « 14 <« 13
1. 1.5.1 15'2" '25
High Radg.content ehosphoric acid [superpnosonoric!

Other processes used, still with the aim of
increasing the P,0g¢ content, involve treating
so-calles "green" phosphoric acid by vacuum
evaporation or hot gas bubbling, or in some
cases by plunging a flame. The result is a
superphosphoric acid, containing approximately :
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50 % ortho acid PO4H)y
33 % pyro acid P,2049H,
17 % meta acid PO;H

Since natural phosthate derosits began =0 Se
worked, bone-based fer<ilizers have beer
manufactures using only waste, in most cases
after the ossein recovery stage,

The "bone super" and sone rhosphate industries
are very small scale,

Besic_slag

.........

When phosphorated iron ig processed ir a basice
lined furnace with ores similar to Lorraine
minette, a 37/45 % (POu)2Cay bdyeproduct is
obtained. Such slag agrees *o quite a degree with
4 silico-carnotite formula (PO4)2Cay, Si0yCa, Cal.

In the cage of these fertilizers, assimilabilit:
is defined not by sclubility in ammonium cltrate
48 in the case of phosphates ard supers, >ut oy
their solubility in Wagner's reagent ( 2 % citric
acid).

The method used to render slag in=c fertilizer
form usually involves two successive crushing
operations,

The first crushing yields a product from which
the TronThas™been removed by means of a magnetic

separator and which leaves 30 & tailings.

The saecond crusning prcduces commercial fertilizer
75 37sIfTable atrlicdle size 100 (170 micpons).

P20s strenght varies from 14 to 20 3%, This type
o% fertilizer is successful in clayey and acid
80ils and makes a good amelicrator.

Also included in this category are certain
calcined phosphates, produced in a rotary
Turnace By roasting a mixture of ore (100 parts),
sodium sulphate (1 parts) and coal (15 rnarts),
Nominal strength varies between 23 and 25 % P2Cs

and such fertilizars in blends with others are
suited %o acid soils.
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Potassdc 4ertilizerns

Potassium chloride and sulphate alone are used
for agricultural purposes. These are the only
two salts includes in the class of ratural
inorganic ferzilizers, al+hough there 15 ar
industrial process wnich separatas *ha various
salts associated wi+h XCL, the most in iemand.

Agriculture accounts for 3J. %0 32 % of all
chlorides and sulphates, most of which are
obtained from deposits.

Potassium sulphate may be marufactured :in combination
with phosphate. Hydrochloric acid released oy
oKlvinito acid at=ack is used +2 lecompese na<viral
Phosphates. The resulting shosphoric acid solutiorn

is neutralized with limewash, and yields dicaleic

Ehosghato.

Direct use of anhydrous ammonia as {ertilizenr

M quiectoon]

B{ virtue of its,composition'ammcnia is the
richest of the nitrogen fartilizers, with 32.3 %
nitrogen.

As such it can be used only by direct applicarion
%0 the soil. Depth depends on :

. s0il type

+ the Crop to be fer+tilized

+ the spreading dave

and is generally somewhere between 3 and 25 cm,

As soon as ammonia is injected into the sgoil it
changes from a liquid to a gaseous state. This
enhances its dispersal, but is goverried by the
soil type, dispersal being greater in a lighe,

dry soil than in a heavy, damp one. The dispersal
area is assumed to extend to 10-15em from the point
of injection.

As to its assimilation there are a feu points to

be noted, nitrification in particular. NE, + ammoria
icns are more swiftly nitrified. The increased pH
due to injection favours microbial activisy,




The change in soil ?H is only temporary, and is
limited to the soil's neutralising power. The pH
value gradually returns to normal as nitrification
takes place.

The ammonia gas diffuses in a regular manner
around the point of iniection, over an area of 1l
15 om, and is fixed homogeneously by the soil,

The attractiorn is so strong that even a corious
water leaching will not carry away the ammornria

in spite of its solubility. This would no*t be the
CAdse with NOj-anions. With ammonia there is a
phenomenon of true absorption : 4 soil sample
taken a few minutes arfter injection is already frae
from the suffocating ammonia smell.

The ammonia is releasad progressively +through soil
humidity, and +he NH,+ ion can act as a fertilizer,
either directly on the plant while in the ammoniacal
state or after transformation by microbial action
into nitric nitrogen. This nitrification is governed
by humidity, soil aerartion, pH, the quantity of
organic matter and most important, temperature.
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2+ THE FERTILIZER INDUSTRY

GROWTH

The fertilizer industry has Dbeen growing steadlily and
rapidly since the beginning of this century, as can be
seen from the table which follows

Miizsggclggr é;é CONSUMPTION (2)
1905/C8 2.0 1.8
1913/14 4.1 3.8
1818/20 3.7 3.5
1938/38 3.7 33
1945/48 7.8 7.8
1949/50 14,1 13.8
1859/60 28.1 27.8
1983/79 §5.2 32.3
1973/74 87.8 83.3
1874/78 31.8 353
375,78 52.2 el-1 :

Source : FAO production year book

(1) The ratio of NPX to end products is about 1/2.5, i.e.
the 91.8 million tons of NPKX manufactures in 197¢4/75%
represent some 250 million tons of finished fertilizer.

(2) The gap between production and consumption is largely
accounted for by products in the distribution stage,
and losses.
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As output increased, quality changes were also raking
place. During the early years -from 1306 to 1332%- most
commercial fertilizer was organis, and mainly took the
form of meat industry by-products e.2. dried blood,
bones, scraps. From 13435 Lnwards, however, synthetic

and inorganic matter began increas:

ngly to repregent

the bulk of fartilizer s0 <-ha-= today orgaric materials

account for only a very small

Since output in 1345 was less
it can be concluded that most

W LI
taan Lo

proportion of the <otal,

cf present ouTput,

existing production capacity

was built after the second world war. Table ..2 =reaks
down production between developed and developing
countries. The latter today produce 1§

PAST CONSUMPTION

Fertilizer consumption statiscics are ziven in tables:.itol.
and figure 1.1. Table 1.3 shows consumption of each
nutrient in developeuy and developing co

% of world ferti-
lizer demand (2° % nitrogen, 15 % pnosphate, 3 % potash)

untries, between

1950 and 1375, In 1375 for example respgective shares

(%) were :
N
Developed countries 72
Developing countries 23

P2ls

~3

(3 )

3.

[
[
4

K273 NPX
33 77.3
Ll <l.”

Petails of consumption in 73 counsries are presen-ed

in table .4,

takinrg 197¢ as an example, the highest ccorsumers

were

NPK (million *ons;

U.S.A. i8.8.
U.S.S.R. 16.13
CHINA 6.2

FRANCE -1
POLAND 3,88

U.S.A,
U.S.S5.R.
CHINA
INDIA
FRANCE

N (million *ons)

3.38

+
O
an N

]
« e .
~ O v
w
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Table 1.5 ard figure 1,2 show consumption per head in 73
different countries In 1375/75, In JAPAN consumption

was fairly low =15 kg per head- while CUBA with 35 kg
per head had the highest of <the developing countries.
CHINA with 7.3 kg per head, reached a markedly higher

-

level thar INDIA where the figure was .53 x&/head.

It can be seen from *he -able:,: +hat in 27 develoning
countries consumption -was less than S ¥g/head, which
in most cases is far too low to fert: ize the crops
required to feed the fopulation adequately. The only
exceptions are ARGENTINA, THAILAND and BURMA where
population density is low.

Table 1.5 gives consump+ion per hectare of cultivated
land in 73 diffsrent countrias, for 1375/76, In looking
At these figures i* mus+t be remembered that in many
countries a certairn amoun= of fartilizer goes o
permanent pasture, not *to crcps. This is -he case in
HOLLAND, BELGIUM, WEST GEIRMANY, FRANCE, CENMARK, the
UNITED KINGDOM, AUSTRALIA and NEW ZZALAND.

.

It is also seen from *his tabla
that 23 of the developing countries have a per hectara
consumption of less than 2) kg and 12 less +han 13 xg
i.e. they are virtuall, none-users.

The aim in compiling Tadle 1.7 was to show the larges:
preducers, consumers, and surpluses and deficiencies of

nitrogencus , phosphate and potassic fertilizers in =+he
Aorld in 1373/74, The UMITEZ STATES was overall the
largest oroducers, and the largest consumer of potash.
The USSR was the larges=+ procucer and secord largest
consumer of nirogen and phosphate, ard *he largest
potash producer. JAPAN nad +hae greatest surplus of
itrogen, the UNITEID STATES of phosphate and CANALA of
otash. CHINA had the greatest deficiency of nisrogan,
RANCE of phosphate and the UNITED STATES of potasn.

Only a few developing countr
major producers, but a Sreat
the largest deficiencias.

ies aprear in thas list of
number among those with

Po

Figure 1.+ shous fertilizer consumption trends over
the 1355-137¢ period. Consumption grew steadily over this
time, in both developed and developing countries.®

¥ The one exception was 1974/75 when for the first time since 1945

there was a drop in consumption, brought about by a sudden rise
in nutrient prices.
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Since the fertilizer industry is relatively young, in
that the rapid expansion from 1345 onwards was matched
by fundamental qualitative changes, it might be
somewhat misleading to view its growth as continuous
through time. There are now grounds for considering
“hat a structural break occurred in the eariy nineteen-
sixties as a result of the population exglosion and the
consequent demand for food.

Ihe rapid world population increase in *he ninereen=

$istles compared O previous decades is il.ustrated
by the following data :

Population grow<th
(millions)

13290/39 2329
1330/43 230
1380/50 251
1950/83 485

This rapid growth in the nineteen-fifties led *o new
pressure on world food supplies and prices in the early
sixties. The impact was not felt until 1860 <hanks to
record harvests in 1358 and 19360,

Then in 1961 cereal crops were very poor, 2.3 } less
than in 1960, the greatest percentage drop in the
history of our time. This fall, which hit the UNITED
STATES, CANADA, EUROPE and OCEZANIA hardes=, brought
adbout a revolution in world agricultural growth, inclu-
ding the use of fertilizers and grain sroduction, which
first started in <he daveloped countries in 1351/32 and
s;r2ad %o the develoring countries in 1382/325, Vew
processes and new technology for large scala fertilizar
production came successively on to the marke<*, thus
laying the foundations for *he growrth <f a modern
chamical fertilizer industry. This new pattern of grow=h
still continues.

(¢ 3]

It can te seen from figure 1.5 rhat in world consumption
terms nitrogen has a much higher growth rate <han P,Je
and K20, the latter two keepirg rarallel,

UP to 1355 the nitrogen share was lower than either P,0¢
or K20. The percentage grew steadilv in the developed
countries from 30 % in 1955 to 45 % in 197s.

The nitro%en fFercentage in developing countries has
remained fairly constant, in the 53-83 range, but is now
beginning to show a gentle decline.

—pp— -
" m———————
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TABLE 1.2 = WORLD PERTILIZER PRODUCTION = HISTORICAL DATA
1950-1975 (MILLIONS OF TONS)

Dcvclgginl countriss Oeveloped countrise

AP0y X0 NEX S PO K0 MK
19%0 |0.38 0.27 0,04 0.83 3.73 5.89 4,21 13,8
1951 10.43 0.3¢ 0.02 0.79 4,28 5,83 4,94 18,4
1982 |0.45 0.368 0.02 0.8 4,49 8.13 S.40 18.0
1983 {0.81 0.3 NIL  0.88 5.02 8.18 5.87 17,4
1984 10.95 0.41 0,01 1.04 5.59 8.80 8.32 18,8
1988 |0.%8 0.4% 0.02 1.0% 6.29 7.34 8.8 20,8
1988 10.53 0.54 0.04 1,17 6.94 7.71 0 7.1 2.8
1987 10.72 Q.58  0.08 1.34 7.49 7.94  7.8%5 23,1
1988 |0.7> 0.80 0.09 1.48 8.24 8.20 .88 24.°
19%9 {0.%% 0.84 0.10 1.80 .00 8.88 8.17 28,9
1980 [0.83 0.72 Q.12 1.7 9.43 9.2¢ 8,81 27,3
1961 [1.04 0.79 0.14 1,97 10.37 9.58 8.88 28.8
1962 [1.14 0,78 0.14 2,04 “1.12 9.08 9.2% 30.2
1983 [1.43 0.8% 0.18 2.44 12.2 10.5  9.83 32,4
1964 11.72 1.01  0.19 2.92 13.9 11.7  10.8 8.1
19685 |2.02 1,18  0.30 3.47 15,4 12,7 11.8 39.9
1968 {2.24 1.3 0.3% 3.93 17,7 14,2 13.4 45.3
1867 [2.49 1,48 0.38 4,38 19.8 15,3 14,1 49,2
1968 |2.79 1.7%  0.41 .95 22,4 16,0 14.8 83,2
1968 (3.44 2,01 0.43 5.88 24.8 18.3 18,4 $8.8
1970 |4.07 2.32 0.59 68.98 28,1 17.0 18,1 $9,2
1971 [4.99  2.%9 1.00 08.18 28.3 18,2 18.9 83,4
1972 |5.81 3.1 1,13 9.8% 28.3 19,3 18.3 6s.9
1973 |6.84 3.%4 1,22 11.4 3.2 201 19,0 70.3
1974 |7.24 3.9 1,10 12.3 33,3 21.2 214 78,8
1978 |7.99 4.22 1,28 13.8 34.3 21.8 22.% 70.3
1978 18,77 3.3 0.8 13,22 35.1 21.0  22.9 78.0

Souzrce 1 FAO production Year book
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TABLE 1.3- WORLD PERTILIZER CONSUMPTION -
MISTORICAL DATA, 1950-75
(MILLIONS OF TONS)
Qeveloping countriss Qsveloped countries
NP, k0 Nex NP0, 520 NPK

1980 |0.58 0.38 0.08 1.01 3.19  5.41 4,04 12.8
1981]0.59 0.41  0.11 1.12 3.73 85,81 4.43  14.0
1952 [0.88 0.48 0.14 1.30 4.01 S5.77  4.88 14.8
1983 /0.87 0.51 0.15 1.53 4.80 8.08 5.20 1s.9
1984 10,98 0.60 0.19 1.7s $.18  6.81 5,48 17,2
1985 [0.9¢ 0.60 0.23 1.78 $.89 .14 8.11  18.9
1988 1.2  0.88  0.27 2.47 5.82 .45 @m.51 19.8
1987 (1,45 9,78  0.31 2.82 8.19 .88  8.87 20.7
1988 | 1.8 0.83  0.35 2.78 8.89 7.87 7.08 21.8
1989 (1.81 o0.88 0.38 3.04 7.47  8.38  7.58 23.4
1960(1.38 0.94 0.42 3,39 7.80  8.90  7.83 24.8
1961)2.45 1,058 0.54 4.04 8.5 9.03 .90 25.5
1982(2,49 1,10  0.84 4,12 9.15  9.51  8.15 28.8
1983(2.77 1,27  0.58 4.81 10.4 10,1 8.78 29.3
1964 13,33 1,47 Q.88 S.48 1.7 11.0 9.38 32.4
1988 [ 3.85 1.8 0.73 s5.g¢ 2.8 12,2  10.3  15.3
1986 (4.23 1,77 0.84 8,84 4.7 13,0  11.4  39.1
1967 [5.33 2,11 1.00 .44 18.5  13.3  12.0  42.%
1988 (5,51 2,34 1,12 8.97 18.5  14.8 12,9  4s.9
1969 8.80 2.8  1.34 1.9 19.7 18,2 13;4  4s.3
1970|7.70 3.28  1.47 12.4 21.0 18,8  14.0  sg.8
1971(8.77  3.81  1.80 14.1 23.0 18.3  14.9  s4.2
1972/ 6.4  4.09  1.93 15.% 23.8 17.0  15.7  sg.5
1973 10.8  4.89  2.24 17.4 25.2 18.0 18.8 s9.8
19741 11.4 8,36 2,81 19.3 27.3  18.9 18.1  g4.3
1975 11,7 s.49  2.88 20.0 22.2 174 17,1 a7
1976 [ 12,8 $.17  2.37 20.1¢ 30.7 18.9  18.97 g8.57
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TABLE 1.4 - PERTILIZER CONSUMPTION 1973/74

Inclucaee ell countrias with population of over S million in 1976

Listing is in ordsr of NPK consumption

COUNTRIES y 220s 428 K
.Thousancs of tcng 3F nutrients;

e Unitea 3tatae 3 334 4 731 4 728 13 343
2. USSR 7 387 3 332 4 397 15 187
3, Chira 4 5§50 1 283 401 § 20§
3. Franca 1707 1 5818 1313 4 840
$. Poland 1 223 342 1491 3 858
§. Germany (Fsa. Rep) 1 228 730 1 094 3 106
7. Incie 2 031 483 270 2 7%
8. BSraezil 410 316 334 1912
3. Unitsa Kingsom 1 348§ 331 398 1 33¢
1C. Germany (Cem. Rep) §73 400 708 1 784
1. Jepan 338 8§24 517 1778
12. Czechoslovaxiae 211 478 867 1 884
13. HMungary 8§36 423 583 1 513
14, Spain 783 422 257 1 443
1§, Italy 724 430 78 1 430
13, Canaca 882 §286 218 1302
17. Romania 788 338 21 11392
18, Mexico 833 220 48 111
3. Korsa (Rep, 2¢) 488 238 181 86%
20. Turrey 483 3az3 13 342
21. South Africa 2858 343 127 7588
. Austrsalias 188 430 73 728
3. Yugoslavia 360 187 183 720
24, Bulgarias a0 -o) €2 875
28, Carmark 339 129 171 833
28, Netherlaras 451 73 101 £31
<7, Paristan 442 101 2 343
28, Swacsn 2587 141 128 323
23, Egypt 415 a3 3 hk
30. Ingoresia 342 117 25 433
3., B.l;ium 132 144 144 474
32. Grasce 278 180 28 483
33, Kores (DFR) 284 125 45 434
34, Iran 134 142 4 3d
35, Vietnam 204 100 g 340
36, Cuba 158 82 38 340
37. Austrias 121 74 118 10
38, Portugal 141 74 a0 pLY]
38. Pnilippinas 133 40 49 222
40. Colomaia 131 47 3s 218
41, Banglacesh 181 81 13 218§
42, Malaysie 72 k1] 34 158
43, Thailend 78 82 3g 130
44, Morocco 83 6S 35 183
45, Algeria 53 7? 23 182
46, Rhocaesias 78 45 37 187




TABLE 1.4 (CONTINVED)

3

7.

. 2

COUNTRIES N P20s K20 NPK
47, Venazuala 35 41 34 140
48, Switzerlarg 42 23 38 138
43, Peru a2 12 2 38
50. Sucan 3¢ - - 38
§1. Chils a9 47 ) 34
§2. Syria 42 21 2 55
3. Sri Lanka 38 11 16 84
$4. Argentira 28 22 § §S
88, Nigerie 0 18.1 8 52
S6. Guatemala a0 18 4 43
§7. Tunisie 18 26 5 43
53. Kenya 20 21 3 a4
s, Burma 3§ 8.5 0.8 43
8C. Scusdor 20 13 8 as
§1. Afghanisten 28 8 - k]
82. Irag 28 ? 1 3
83, Ethiopias 13 20 - Kk
84, Tanzanias 1§ 1 ) a0
8. Ghana 14 8.3 5.1 28
8. Camercon 8 3 2 12
87. Nepal 8 2.8 Q.8 12
33. Seuci Araedia 8.7 2.3 1.3 3.3
83. Yeman {AR) 3.3 1.3 - 8
70. Madagascar 4 1.8 0.% 3
71. Mozamoigue 4 1.8 <4 2.7
72, Uganda 1.4 3.3 2.5 $.2
73. 2aire 2.8 .8 1.9 5.1
74. Angola 2 1.3 3.7 4,0
7%, Bolivie 1.8 1.8 0.1 3,2
78. Msld 1.8 7.4 - 2.2
77, <ampucreas 1.2 2.5 - 1.7
78. lpper Volta 2.4 0.4 - g.8
Qeveloppes zountriee 30 433 18 483 13 330 38 €72
Qeveloping sounmtries 12 805§ 5 1%7 < 3%7 20 108
world totel 43 233 24 48 21 3y 38 8al

Source : FAQ Proguction yearbook 1378




TABLE 1.5 : PFERTILIZER CONSUMPTION PER CAPITA 1975

Includes #ll countriee w ith populaticn of cvar 5 million in 187§
(kg of NPK/capites)

1. Hungary 144 .1 41, Syria

2. QOermark 126 .1 42, Tunisia

3. Czechoslovakia 111.8 43, Cclompia

4, Polang 108.0 44, Guatemala
5. Germany (Dem. Rep) 104.2 45, Viatnam

8, Jnited States 84.1 4€, Paxigtan

7. France 7.7 47, China

8. Bulgarie 7.7 48. Pery

8. Sweden 83.8 43, Ecuagor

10. USSR 83.5 0. Sucan

11. Canade 87 S$1. Prilippines
12. Romania 58,5 52. Sri Lanka
13. Australias 53.8 83. Irgia

14. Greece 1.8 €4, Thailarg
1S, Garmany (Fed. Rep.) €0.4 85, Indonesia
16, Belgium 46.8 SE. Kenya

17. Netherlancs 48,3 57. Irak

18, Austria 41,1 8. 3englacesn
18. Spain 40,3 $3, Ghana

20. Cuba 3s.0 80. Argentina
21. Yugoslavia 33.8 61. Afghanistan
22, United Kingaom 32.4 §2. Camercon
23. South Africa 30.8 3. Tanzanias
24, Portugal 27.9 £4, Mozamcigua
25, Kores [(QPR) 27.8 5. Burma

2€. Italy 28,8 86, Ethaopia

27. Rhocesia 25.0 §7. Nepal

28, Korea (Rep z+) 25.0 88, Sauci Aratia
25, Switzerlang 21.2 33, Yaman (AR)
30. Turkey 211 7C. Nigeria

31, Mexiceo 18.8 71, Macagascar
32. Brazil 17.4 72. Argola

3. Japen 18.0 73. golivia

34, Malaysia 18§, 74, Uganda

3s. Egypt 13.3 78, Mall

38, Vanazuela 11.4 75, <ampuchea
37, Iran 10.4 77. Lppar Volta
38. Algeria §.,7 78, Zaira

35, Morecco §.3

40. Cnile 3.2

Daveloped countriss average 53
Developing countriae average 8
World average 2
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TABLE 1.6 : FERTILIZER CONSUMPTION PER MECTARE - 1975%
OF ARABLE LAND AND PERMANENT CROPS

Incluces ell countries with population of over 5 million in 13978

(kg of NPK/ha)
1. Natharlenas 7543 41, Philippines 28.1
2. Belgium €40.4 42, Pakistan 28
3, Garmeny (Fed. Rep.) 388.5 43, Venazuela 8.2
4, Germany (Qem., Rep.) 81,5 44. Ingonesia <8.3
5., Switzarlarg 3%83.3 43, Kanya 28.¢
§, Koras (Rap of) 357.9 46, Algeria 23.0
7. Jepan 313.3 47, Sangladesh 22.6
8. Czechoslovekis 3147 48, Moroceco 21.4
3. Hungery 278.3 43, Iran 2047
10. United Kingdom 282.9 $0. Incia 16.%
11. France 248,7 51. Chila 16.2
12. Paleng 242.0 2. Austrelia 18.8
13. Qermark 2339.4 53, Sucan 12.7
14, Koree (OPR) 201.4 %84, Syrie 11.3
15, Auatrie 182.8 5. Saucl Aradia 11.8
18. Swecen 173.8 58. Tunisis 1.2
17. Bulgerie 188.% $7. Theileng 10.9
18. Egypt 131.2 53. Ghens 10.3
18, Italy 121.0 §3. Ecuadoer 8.1
20, Graeca 1159.0 80. Irag 8.3
21. Romanie 114.0 81, Nepal 2.1
22, Cube 1071 82. Tanzania 4.3
23. Unitsg States 30.C 83, Afghanistan 4.3
24, Yugoslavia 4s.8 34, Burma 4.1
2%, USSR 39.7 35, vemen (AR) 343
28. Spain §9.3 88, Argole 4.2
27. Portugel 67.8 87. Nigeria 2.8
28. Rhocesias 83.2 8. Macagascer 2.1
29. Vietnam 81.0 83. Mozambique 1.9
30. Maleysia 3.0 70. Camercon 1.7
31. 3razil §2.3 71. Argantins 1.8
32. South Africa 52.1 72, Bolivia 13
33, China 48.1 73, Jgenda 1.0
34, Colomoia 42,1 74, laire 3.7
35, Mexico 3.3 7%, «ampucheas J.8
38. Sri Lenka 32.9 76, Mall 0.2
37. Canade 2%.8 77 . Uppar Volte g
38, Turkay 29.8
3%. Peru 29,7
40, Guatemala 28.5

Oeveloped countrias everage
Developing countries evarage

World avaraege

100.4
23.0
5.88

Sourca : FAQ yeerpvook 1978
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2, PERTILIZERS DEMAND IN VIETNAM

. Dots supplied by PETROVIETNAM

. The present sftuation and forecast:

. Production programmes planned by PETROVIETNAM
Suitadle fertilizers for VIETNAM
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1, DATA SUPPLIED BY PETROVIETNAM

There is a heavy demand for fertilizers, such *ha*t the [
output of the complex will pe able to meet cnly sart of
the total domestic demand.

Land area praesgently cultivated

. Rice $,800,305 hectares
. Others 1,530,200 hectares }
Total cereals 7,300,000 hectaras. ‘

Plan ocbjectives for 1330 :

. Rice 6,600,300 hectares ,
« Other cereals 2,500,000 hectares
. Industrial crops 1,400,300 hectares
« Other crops 1C3,300 hectares
. Market gardening §2J,337 hectares
. Area to be clseared 1,500,30C hectares
. Forest area 1,200,000 hectares

TCTAL 13,330,000 hectarss.

Fertilizer (urea) consumpticn averages (50 <z per hectare
in the case of rice.

Cemand can be expected to reach 2,2.0,33C tons by 133
excluding fertilizer for forestry development.

AR
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2, THE PRESENT SITUATION AND FORECASTS

No data was supplied on past consumption figures, scil
types, farming hatits, production units, storage and
blending centraes or distribution systems. In view of this
the market survey cannct be based on recent trends.

Some data is, however, available on Scuth VIETNAM up o
197271373, In addizion, the FAC rave some details of
nitrogen fertilizer consump=ziocn in VIETIAM. These are
shown in the tables which fcollow.

Table 2.1 gives nitrogen consumption figures fsr VIETNAM
43 a whole. 3Some variations appear between the figures in
the previocus table and the second table, and these may be
partly explained by end-of-year stocks, which may vary
considerably from ore year tc anothaer.

Another important factor to be taken into account in
forecasting fertilizer consumption is the area of cultivated
land (tadble 2.3.),

The most important crop is thus rice, bu*t consumption per
hectare varies according to the type of rice, harvests and
the region ltself.

Taking the consumption figure given v FETROVIZITIAM, i.e.
150 kg of urea on average cer hecvars 57 rice, prasent rics
Crops must require 372,230 tcns of urea ; 5y 1330 e at +ha
3ame rate - congumption should reacn 1,330,J20 tons. To
these figures must be added the phoschoric, potassic and
nitrogen fertilizers required for o<her crops.

On the basis of 1920 cultivated land and consumption Plan
objectives, consumptiorn per hectare would e 13) kg of fere
tilizer as finished product, equivalent %o abour 72 x3

of NPK,

The 1374 "FAO production vear book" shows average censumption
in VIETNAM as being 42 kg NPK. Without being totally
unrealistic it seems difficult to meet the 1980 obiective,

especially in view of the foreign currency expendizure
necessary.
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TABLE 2,1
NUTRIENT CONSUMPTION [N SOUTHM VIETNAM

IMPORTS -

1,000 TONS

T |

NITROGEN j P208 K20 TOTAL
1982 59 { a7 11 197
1934 31 ' 41 5 32
19858 2 57 11 34
13988 88 s 13 114
1987 89 21 28 108
1388 25 4 1 10
1989 140 52 2t 217
1870 137 52 28 224
19714 59 18 3 30
1972 38 39 "3 148
1373 132 40 24 198

52.
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TABLE 3.3, |

CULTIVATED LAND (MECTARES)

.

- .

= BN BN BN BN BN EX BN EE B BN W B B

SOUTH A TH SRESENT | Laipitrie
1330

RICE 2700 2200 5200 8500
SWEET PQTATO 18 138
CASSAVA 32 110 j
mATZE 18 200
SRCUNE NUTS 18 50
ausseR 83
BEANS 50
QTHER 228 113

These fisures were obtained from UN sratistics.
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3. PRODUCTION PROGRAMMES PLANNED
BY PETROVIETNAM

PETROVIETNAM have put forward three possidle alternatives : [
¢ Alternative 1
. Ammonia 1,000 t/3ay
. Urea 200,300 ¢/yr
. Nitrophosphates 2:/3C 303,323 t/yrp
. Aamonium nitrace 300,350 t/yr
o Nitric acid 13,300 t/yr
® Alternative 2 '
. Ammonia 1,230 t/day ’
. Urea 30,000 t/yr
. Ammonlum nitrate 180,300 w/yr
. Nitric acid 10,330 t/yr
® Alternative 3
. Ammonia 1,300 t/yr

. Urea 579,100 ¢/vp
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4., SUITABLE FERTILIZER FOR VIETNAM

It is difficult to make a 2etailed s-udv of <he ~voes of
fertilizer best sui-ed <o VIZTNAM on account of ~he lack
of data on crop and soil types. However, as the orinciral

crop is clearly rice, various points can be considared :

For rice growing nitrogen in ammoniacal form gives batter
all-round results <han nitroger in nitrate forn.

The nitrate ions, being mobile, are more rapidly leached and
dre alsc subject to denitrification, i.e, N,C or N reduction,
facilitated by the absence of air as is the case with
{rrigate crops.

Nitrate nitrogen is therefore not recommended for tasic
manuring.

In addition, nitrites formed during nitrate reduction may
be harmful to the plant.

These drawbacks may be minimised, however, ty apolying the
fertilizer in several successive doses, particularly during
the final growth stage to promote ripening of the grain.

Phosphourous in ?;0¢ form should he apviled at +*he stare
of growth in order to promote development of a good root
system,

The form in which phosphorous shouli be applied depends upon
soil type. In none-acid soil phoschorous skould be used ir
soluble form whereas in acid soil zicalcium phoschate will
give the same if not better results.

Taking the different ferti lizers proposed in tha thrae al-er-
natives, it can be seen that urea, with 137 % ammoniacal
nitrogen, is entirely suited to rice crops, while ammoniun
nitrate with 50 % ammoniacal and 50 % nitrate nitrogen can
be used only in fairly small quantities and is thus less
suitadble for rice ; finally, 20-3U nitrorhosphate with

65-70 % ammoniacal nitrogen is a relatively satisfactory
type of fertilizer for rice as in addition to nitrogen

it gives phosphorous, necessary for growth. The percentage

of ammoniacal nitrogen varies according to the nitrophos=

phate formula, i.e., a 20-20 fertilizer has a less favourable
anmoniacal nitrogen ratio - around 5% %.
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Introduction

Comparison of processes of naphths
steam reforming and fue! partial
oxidation for ammonia production

Uttlity production

Economic study
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1, INTRODUCTION

inudstrially ammonia is produced b+ reacting hvdiroger
“ith nitrogen. MNitrogen is removed from +he air and
hydrogen is produced by various Jrocessas,

Modern plants consuming hydrogen in large quantities

use hydrocarbons as raw materials, scurces beirg natural
gas, naphtha and fuel oil,

The two main orocesses presertly used are stean reforming
and partial oxidation.

Partial oxidation can normally use as feedstoch all the
hydrocarbons from natural gas to heavy fuel.

Steam reforming can usae feedstocks ranging from natural
g4s8 to naphtha.

In the case of VIETNAM, we will only compare the produc<tion
costs of ammonia, from a steam reforming of naphtha and

4 partial oxidatior of fuel. Wa will suppose that in a
first stage, natural gas {s no: available.
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2, COMPARISON OF PROCESSES OF NAPHTHA STEAM REFORMING
AND FUEL PARTIAL OXIDATION FOR AMMONIA PRODUCT!ON

2.1, AMMONIA PRODUCTION BY STEAM REFORMING OF NAPHTHA

The production unit includes “he following sections

® Hydredesulphurization of <he feadstock

Sulphur is eliminated by & cavalytic hydrodesulphuri-
zation (Mo/CeQ) in vapour ;hase, followed by an

absorption of the last traces of H,5 on a zinc oxide
bed.

® Steam reforming

The tubes of the ;rimary reforming furnace are filled
4p with nickel czatalyst, The orerating pressure is

33 dars and temperature is 333%C. On aceount cf nign
temperatures of tubes in the furnace, raphtha is

used for the firing. The merals contained in an
average heavy fuel would lead to the formation of
fusible alloys on the tude walls and their deterioration, (
Refinery fuel gas or low sulphur content fuel will
replace naphtha economically if they are availabdle.

In a secondary reformer, catalytic combustion (i
catalyst) of residual methane is cperatel wicth air
which allows the introduction of nitrogen required
for ammonia synthesis.

Shift conversion of cardon monoxide

The steam shif+ conversion of carbdbon monoxide is
realized in two reactors in series.

® Cardbon dioxide elimination

It is operated in two stages :
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= 4 roughing by a potassium carbonate solution

= finishing epuration with mor.cethanolamine part
of the CO; recovered is used for urea production.

Carbdon monoxide selimination oy methanation

Catalytic hydrogena<ion allows residual content of
about 10ppm to be sSbrtainaed.

Comprassion

Centrifugal compressor with *wo stages allows
synthetis gas to be compressed and raecycled.

Ammonia synthesis

Synthesis is carried our by &4 "low pressura” process
(40<53 dars), with a ircn oxide catalyse,

The ammonia unit is self sufficient in sream.
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AMMONIA PROOUCTION BY FUEL PARTIAL OXIDATION

The production unit has the following sections

® Air fractionation
Fractionation is obtained 5y distillaticn of *tha
liquid air at low remperature. The unit producaes
nitrogen required for ammonia synthesis,

® Partial oxidation of fuel
The oxidation of fuel is realised oV oxygen wishout
catalyst, with a pressure of 35 bars (high pressure
rocess). The temperature is close %o 14C0°C. Effluent
eaving the furnace is subjected to a rapid water
quench in order to stop the oxidation.

® Recovery of the soot

Quench waters containing socot are fil-rataed } soot

is recovered anc used in boiler burners.

Shift conversion of carbon monoxidae

The stean shift conversion is carried out ir a reactor

containing a sulphur resisting catalys*.

® Elimination of carbon dioxide and of H23
This elimination is carried out by washing with
triethancl amine. Par+ of the recovered S0, is used
for urea production.

® Cardbon monoxide slimination
Washing with liquid nitrogen from the air fractionation

removes the last traces of CoO.

® Ammonia synthesis

ggnthosis i{s carried out on an iron oxide catalysrt,

¢ recycled gas is compressed by a centrifugal compressor

The ammonia unit is self sufficient in steam and
electricity.
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!
5. UTILITY PRODUCTION
STEAM AND ELECTRICITY
1. Tor the steam reforming of naphtha, an auxiliary
doiler is planned in the plant in order to produce
)

the quantities of steam required for the star+ up
and normal operation of the plant.

The steam produced in the recovery boilers is super-
heated in the convection zone of the reforming fure

nace, then mixed with the superheated steam produced
in the auxiliary doiler in order to drive the steam

turbines of centrifugal compressors (3ynthesis gas,

air, ammonia) and certain boiler wa<ter pumps.

-

A turbogenerator is integrated into the ammonia plant.

[t is driven by a steam turbine fed by an auxiliary
boiler.

2. For the partial oxidation, a central boiler produces
hp steam which is used to drive four centrifugal

compressors of the unit, air, nitrogen, synthesis gas
and ammenia.

A turdoalternator is planned inside the ammonia plant
it is driven by steam furnished by the central >ciler.

CONSUMPTION PER TON OF AMMONIA

Stesm reforming Pertiel oxization
..Qf n.ghth! ..--.Qf-fy!}..-.-
Nephtha process 108kcal LHV §,48
Fuel Low sulphur content
(fuel) 108xcal LHV 3.83
FPusl cil (Procees * fuel)
108kcal LRV 9.12
Cooling weter AI = 10°C 400 428
m
Deminerelized water m? 1.3 1.3

— —
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4.1.

4, ECONOMIC STUDY

INTRODUCTION

The bases of the economic calculation are generally
the same as those used for refining (see volume III).

The overall ins-alled cos+t Sudge* ratio ba<ween WESTEZE!
EUROPE and VIETNAM for an ammoria -lant is sresarted

in the following tatle 3.:.

For the worwking capital, we will take only one month
of final products.

The utilities costs are as follows

. industrial water 5¢/m!
. fuel 3.7 US$/10%xcal
The local prices of naphtha, low sulphur content fuel,

fuel with 3.5 % sulphur weight have been defined in
the refinery s=udy.

. Naphtha 158 US$/zon
. Tuel L3C 30 US$/ton
. Tuel 3.5 % 3 37 'S$/ton

At this stage of the ;roject, a 3imple ecoromic
evaluaticn of the two alternatives will be carried ouc.

We will calculate successively on a yearly bdasis

Investment cost
Cepreciation
Operating cost
Sales revenue

Raw materials cost

I O D e




. bu.
Production cost Pele+R

' Gross cash flow GCF e § - p
Tax Lase GCF - D

' Tax T o« (GCF=0D) x 0.4
After tax cash flow ATCF o CGF - T

' Reimbursemert period before taxes (in vears) GLF f

c

Reimbursement period after taxes (in years) -‘-# 1

l NIA PRICE

\ The ammonia price taken in +the study is 213 YUS$/ton,

20 % to 30 % higher =han avarage prices in EUROPE.

sy eamp D & D D D & o e
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TABLE

OVERALL INSTALLED COST BUDGET RATI0

301‘

~ESTERN ELRCPE

CALCULATEQ cosT

+ Matsrisl 100
+ Trensport to sits s

SUB TOTAL 1 108
« HMome office services 20

SUB TOTAL 2 20
+ Construction waorks

= Fleld engineering 12

supervisioen

= Civil worne 8

- Brection works 40

SUB TOTAL 3 a0
« Start-up suoervision 5
TOTAL TECHNICAL COST 210

Installsg cost budget factors
Ch the calculated cost

+ Provistion #opr contingency 1.18

INSTALLZD COST BsupceET 241

1.1

1.1

— -

* o

~N N

1.37

RRTID

VIBTNAM
g

110
18

138

22
@2

rL

33
L]

128
18

287

1.28

388

85,



4.2. INVESTMENTS

The costs are given in mid 1973 USS. (see table 3.2,).
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TABLE 3.2,
INVES TMENTS

IN 103yuss

PARTIAL OXYCATION  STZAM IEECRMING

3F NAPHTHA
o PROCESS UNITS 92 3c0 83 500
CPRSITES - UTILITIES 48 008 34 500
ERECTED COST IN EURCPE 138 000 103 €30
TOTAL COST IN fROPE 158 700 113 028
TOTAL COST IN VIETNAM 238 480 177 380
SPARE PARTS 8 240 3 130
SATALYSTS AND CHEMICALS 450 300
ROYALT1ES 2 sco 2 500
PRE OPERATING EXPENSES ang
START-UP EXPENSES 18§80 12 420
; TOTAL INVESTMENT EXCLUOING
; FINANCIAL CHARGES 284 200 139 380
WORKING CAPITAL 3 700 g 700
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TABLE 3.3,

CONSUMPTION OF RAW MATERIALS

PARTIAL OXYDATION

per ton
of NM,

NAPHTHA PROCESS 2.524
FUBL {n TONS G.392

BUEL OIL (Process
s fuel) in TCAS

INDUSTRIAL WATER 22

cer yesr
in tone

172 s20

129 80C

7 2680 000

68.
STEAM REFORMING
per ton per year
of Nmy in tons
C.338 308 ss¢
23.% ? 7%% 0Q0
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|
TABLE 3.4,
OPERATING COST
-7

IN 102yss$
STEAM REFCRMING

PARTIAL OXIDATICN OF NAPHTHA

VARIABLE CHARGES

+ Nephtha 28 37%
« Fuel low sulphur sontent 11 88§
o PFusl 28 844

+ Industrisl water 348 383

l « Catalyst ang chemizal 420 1 200 !

TOTAL 27 892 40 193

FIXED CHARGES

Menpowar 138 198
Technicsl essistaencs 3% 3%
Mainterence 4 120 3 090
Insurence 1 &8%
General overneacs 70
Land rent k [0]
Interest on working capital 8792 870

—»

188

3ub total 9 708 § 290

JOTAL CPERATING gosT 34 381 4% 483
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TABLE 1.5,

ECONOMIC COMPARISON

SALES

OPERATING COST
GROSS CAsH FLOW
TOTAL INVESTMENT
PAY QUT TImE
OEPRECIATION

TAX BASE

TAX

AFTER TAX CASH Q0w
PAY QUT TIMe

PARTIAL OXYDATION

70,

IN 10%uss

STEAM RESORMING

OF NAPHTHA
72 100 72 100
34 380 48 483
37 740 29 847
284 200 189 30
7 7.49
17 813 13 290
20 128 13 327
8 080 § 33
29 880 21 288
8,89 9.38
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4.3,

CONCLUSION

Profitadilicy is thus slightly higher with fuel partial
oxydation than with naphtha steam reforming, though the
difference is not very great. In fac=- if naphtha were
10 % cheaper, rayout periods would Se he sane.

Further, if the two methods gave tha same srefi~abilizy,
the price ratio of fuel to napn=ha would Le .=,

Taking international prices for these *wo feedstocks,
l.e. 73 US$/ton for fuel and 143 US$/ten for naphtha,
Payout times for the two methods are improved, viz,
5.73 instead of 7.3 vears for steanm raforming and 3,13
instead cf 7 years in the case of par<ial oxvdation.

Variations in payour times according to faeeds-ock nrices
are shown in the figure which follows.

In choosing betwesan these two methods other cri-eria
may also be considered, e.3. availability of raw
materials, or flexibility.

From the refining study it can be seen that in the
simplest refining schene large quantities of fuel oil
are available whereas if naphtha is %o be obtained
the refining scheme has to be much nore complex and
investment higher. Fuel thus seems to he mors readily
available than naph<ha.

It can also be said thart future *rends in availability
on the international marxer ard in prices aprear morae
favourable for fuel than for naphtha, i.e. surplusas
of the fcrmer will be availadble ar low trices whereas
naphtha if available will e expansiva,

Note also that partial oxida*ion can orerate on a wide
range of feedstocks from gas *o vacuunm residue, but
steanm reforming can operate cnly on gas and naphtha.

It should also be pointed out that over 2,330,000 tons
of ammonia are ;roduced in the world using partial
oxidation.

For these various reasons we would be inclined at this
stage in the study to opt for the fuel partial oxydation

method, while not actually reaching a final decision
on this vyet.



In the discussion that follows the three fertilizer
complexes to be compared will be based on partial
oxydation for ammonia manufacture.

We must emphasize, however, that the only choice made
is between fuel partial oxidation and naphtha steam
reforming, because should natural gas e found and
Decome available, the choice would be different with
gas stean reforming probably being recommended.

(see appendix 2)

72.



- G G & &G b &b &b = & & illl Gl &G - &5 &G &G & =

4, ECONOMIC AND TECMNICAL STUDY OF THE THREE COMPLEXES

PLANNED BY PETROVIETNAM

Complex urea and nitrophosphate Aiternate !
Complex urea-ammonium nitrate Alternate I!
Complex urea-ammonia Alternate [1!
Economic study

Results

Fertiiizers shipping
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1. comPLEX : UREA AND NITROPHOSPHATE
ALTERNATE |
1.1. INTRODUCT!ION
b Alternate I includes the following unics
¢ Ammonia 1,200 =/day
. Urea 200,200 t/year
‘ + MNitrophosphates 300,000 t/year
J
. Ammonium nitrate 333,030 ¢/year
| « Nitric acid 364,000 t/year, of which 10,000 tons

nitric acid at 38 %

Ammonia will be produced by the partial oxidation route.
All the data in this chapter, raw materials consumptions,
utilities consumptions, are average Zata which can
slightly varied according to the processes.

l1.2. DESCRIPTION OF PROCESSES

Descriptions are given in the arnex.
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74,

MATERIAL BALANCE OF THE COMPLEX

NITROPNOSPHATE UNIT

At this level of the study, we will take vields of a
phosphate type «QLA, the composition of which i{s similar
to the composition of a Vietnamese phoschate.

, Per ton Per year

Raw material consumpticn of 19.5:20:0
nitrophosphate tons

Phosphate rock tons 3.78 225 300
Nitric acid (as 122%) tons 1.18 384 00C
Ammonia tons 0.39 117 300
Cardbon dioxide tons .27 31 000
Kielselguhr (xg) (5-10) 150303000
By products
. Ammonium nitrate tons 1.11 333 000
. Calcium cardonate tons 0.87 171 000

NITRIC ACID UNIT

The total vearly capacity is : 354 000 tons for nitrephosphate

10 000 tons
364 CJI0 tors.

This capacity is an order of magnitude because %he

juantity of nitric acid required for Vietnamese phosphate
rock could change slightly.

Raw. material consumption Per ton Per vear
Ammonia 0.282 103 caoc
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75.

UREA UNIT

The total yearly capacity is 200 000 tons.

Raw materials consumptions Per ton Per year
““

. Ammonia J.52 115 332

« Carbon dioxide .77 15« 322

AUMONIA UNTT

The total yearly capacity is 335 290 tons.,

The total material dalance of the complex can be summed up
in the following table. (table 4.1.)

UTILITIES BALANCE

The utilities balance of the complex is summarized in
the following radle (table 4.2.).
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2.1.

d. COMPLEX : UREA-AMMONIUM NITRATE - ALTERNATE |1

INTRODUCTION

Alternate II includes the following units

. Ammonia 1 000 zons/day

+ Urea 480 030 tons/year
» Ammonium nitrate 150 320 tonsg/year
+ Nirric aci4 130 000 tons/yvear

Anmonia will be .roduced by +the par+ial oxidation route,
All t-~e data in *his Shapter raw materials consumption,
utilitles consumption, are average data which can de
slightly varied according to the processes.

DESCRIPTION OF PROCESSES

Cescription are given in the annex
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2.3.
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73.
MATERIAL BALANCE OF THE COMPLEX
ANMONIUM NITRATE
The total yearly capacity is 150 30U tons/year. ‘
Raw materials consumption Per ten Fer year
tons
. Ammonia 8.217 32 8§
. Nitric acid J.300 129 009
NITRIC ACID
The total yearly capacity is 137 000 tons/year.
Raw materials consumption Per ton Per year
tons
. Ammonia c.282 318 300
UREA

The ammonia uni* capacizy bcin; 330 330 tons/vear the
quantity of ammonia available for urea will be 2680 733 <ons,
hence 433 200 tons of urea.

The total material balarce of the complex can be summa-
rized in the following table (tadble 4.3.).

UTILITIES BALANCE

The utility balance of the cbmplcx is summarized in the
following tadle (table u4.s.),



PRODUCT

AMMONIUM NITRATE

NITRIC ACID
UREA
TOTAL

TABLE &.3.
TOTAL MATERIAL BALANCE

ALTERNATE ||

CAPACITY NHy NITRIC ACIO
tons/year
180 €00 32 %5C 120 000
130 Q00 38 380
450 000 281 QQQ

330 210 120 000

80.

348 800 |

348 800
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3. COMPLEX UREA-AMMONIA = ALTERNATE 111

INTROOUCTION

Alternate III includes the following units.

. Anmmonia 1900 tons/dav

. Jrea §73 CO0N <ons/vear.

Ammonia will be produced by the partial sxidation route.
All the data in this chapter, raw materials consumption,

ytilities consumption, are average dacta which can be
slightly varied according to the processes.

DESCRIPTION OF PROCESSES

Cescriptions are given in the annex.
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3.3. MATERIAL BALANCE

The material dalance of the urea unis is the following :

Raw material consumprion Per torn Per vear
. Ammonia .58 331 0
. CO2 .77 «33 Q02

3.4, UTILITIES BALANCE

The utility balance is summarized in the following table
(table 4.5.),
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4.1.

$.2.

8§,

4, ecomomic sTupy

INTRODUCTION

The Dases of the economic calculation are generally the
safe as those used for refining (see volume I1II).

The overall installed cos* cudgaert ratio betweaen WESTERN
EURCPE and VIETNAM for a fertilizer complex was
presented in chajpter 3.

For the working capital, we will ta.e one month of final
products,

OPERATING COSTS ANO OTHER COSTS

Utilities costs are as follows :

« Industrial warter §5¢/m?
. Electricity 32/xWh
. Fuel 3.7 US$/130%kcal

The other items, such a3 nanpower costs, supervision,
maintenance, insurance, general Overheads are calculated
in the same way as fer refining.
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4.4,

86,

RAM MATERIAL COSTS

The local prices of naphtha, fuel LSC, fuel 3.5 % wt S
have been defined in the refining study

+ Naphtha 15¢%/zton
. Fuel LSC 308, *on
« Fuel 3.5% wesS 378/ton

The phosphate rock price Zepends on the tricalcic phose
phate content ; an average price of 358/ton will Se used.

PRODUCT PRICES

Product prices are generally 30 % higier than the average
prices in developed countries.

. Urea 195 US$/zon
. Ammonium nitrate 147 US$/ton

+ Nitrophosphate 20«30 13% US$/ten
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4.5,

4.6,

ECONOMIC STUDY

87.

At the level of the project, a simple economic evaluation

of the three alternatives will be mada.
We will calculate successively on a vearlv basis

Investment cos-
Depreciation
Operating cost
Sales revenue

Raw material costs

WP OC v

Production cost PeQ +R

Gross cash flow GCF o § - p

Tax base GCF -

Taxes T o (GCF-D) x 0.4
Afzer tax cash flow ATCF & GCF - T
Reimbursement period defore taxes 4

Reimdursement pericd after taxes GcF {

ATCF

INVESTMENTS

The costs are given in mid 1979 US$ in table 4,5,




B=-109

80.02.25







|0 &k
e a2 “g

L KX

1] 2 ‘g
.—’ i

|.25 I-4 m

MICROCOPY RESOLUTION TES1 CHARID
NATIONAS BHREAT b DANDRKE . e




PROCESS UNITS

Ammonia

Nitric acia
Nitrophosphates -AN
Ammonium nitrate
Urss

TOTAL BATTERY _IMITS

OFFSITES
ERECTED COST IN EUROPE

TOTAL COST IN EURQOPE
TOTAL COST IN VIETNAM
Spars parts

Catalysts anc chemicals
Royalties

Pres-operating expensss
and start up expenses

TOTAL INVESTMENT excluding
financial charges

WORKING CAPITAL

TABLE 4.6,

INVESTMENTS

T

IN 103us$

ALTERNATIVE II

ALTESRNATIVE IIZ




TABLE 4.7
OPERATING COSTS

IN 103U8$

ALTERNATIVE I ALTERNATIVE I ALTERNATIVE I

VM;ABEE CHARGQ
« Raw materials 34 340 27 420 27 210
. Fu.l
« Induetriel water 8a7z 484 a7
« Elesctricity 3 413 1 480 1224
+ Catalyets anc chemicals 1 100 2 010 1 300
Sub total 40 080 31 384 30 128
FIx ARGES
« Manpower 1 100 1 000 880
+ Technical aesistance 220 200 178
« ‘Maintenance 8 780 § 42¢ 68 380
o Ineaurance 3 an0 2 780 2 480
+ Generel cverheacds 400 360 320
o Land rent a0 ks 30
« Interest on working cepital 1 240 380 880
Sub total 1§ 180 10 84§ 1 247
TOTAL 8¢ 210 42 189 41 37§




SALES
OPERATING COST
GROSS CASH FLOW
TOTAL INVESTMENT
PAYOUT TIME
CEPRECIATION

TAX BASE

“AX

AFTER TAX CASH FLOW
PAYOUT TIME

TABLE 4.7

ECONOMIC COMPARATSON

ALTERNATIVE I

ALTERMNATIVE 12

94,

ALTERNATIVE IIZ

131 820
$8 210
7% 410

583 Q00

7.%7

37 330
38 a8
1§ 350
80 a80
8.28

108 7%0
42 180

83 $30

468% 000
7.3

31 Q00

32 530

13 240

S0 s%0

9.20

108 480
41 378
84 078

410 Q00

8.40

27 330
38 748
14 700
43 378

8.30
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5. RESULTS

TECHNICAL

® The first aiternative produces both nitrogenous and
phesphatic fertilizers from phosphate rock available
in VIETNAM. It meets the rice crop needs rather well
particularly because of the high nitrogen ammonia
gortent of urea and nitrophosphates. Ammonium nitrate
duction which is more convenient for dry crops - -

Ue to its high nitrogen nitrate content - is to

be carefully looked at with a view to hinterland
erops requirements.

® Alternatives II and III deal only with ammenia deri-
vatives such as urea and ammonium nitrate. Alternate
I which produces large amount of ammonium nitrate
seens less suitable for rice than the other two.
Alternate III produces only urea. While appropriate
for rice crops this alternative does not supply all
the fertilizer needs of such crops - no phosphatic
fertilizers.

It appears that a better appraisal for the w-lection of
one of these alternatives, whatever the econo...: are
should result from an in-depth analysis of Vietnasese
requirements, particularly rice crops.




ECONOMIC

Economic results of the three alternatives proposed by
PETROVIETNAM can be compared from two main view points :

Invegcment required in VIETNAM is fairly high :
« Alternative I $63 million US dollars
. Alternative II 465 million US dollars
. Alternative III %10 millien US dellars

or taking investment for Alternative III to be equivalent
to 100

. Alternative I 137

. Alternative II 113

. Alternative III 1040

financial charges such as insurance expenses, bank fees,
interim interests are not included.

Pr Pitities expressed as pay out time are not signi-
?Ig§§§tyl§i§§cront but profitability is higher in Alter-
native III.

Considering these both aspects only, alternative 1II,
producing only urea, appears as the most interesting one
for VIETNAM.
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6. FERTILIZERS sHiPrING

Total fertilizer demand in VIETNAM s such that rhe complax
Wwill nos fully zover requiremenzs, Allowance will ~hus
be made for the North being supplied in priority.

Whatever the manufacturing programme, means of shipping
will be as follows :

«  TOo HANOI and NAM DINH 300 ton max. barges
to HAIPHONG and DANANG 3000 ton max. ships
to THANH HCA and VINH road/rail,

Quantities vary according to the manufacturing srogramme

ALTERNATIVE 1 ALTERNATIVE 2 ALTEENAT;VE 3
HANOT 280 000 200 200 18C 0cO0
NAM DINM 10C coo 70 200 70 0ao
HAL PHONG 180 co0 100 ©oo 100 0ca
DA NANG 100 acQ 70 Qa0 70 0cq
THANK HOA/VINK 210 coo 180 000 180 00C

**“

TOTAL 830 0CQ 800 a00 §77 009
Means of shipping will be
Barges (500 +) 10

Ship (3700 ¢) 1

Barge loading
berths

Ship loading
borgh




- G G ¢ & 4 G G G &b & e &b & &b b G @& & ==

PHOSPHATE ORE DELIVERY

Loading berth occupancy times are sufficiently short in
the case of 3,302 t vessels as %o allow 3,000 ¢ phosphate
ore carriers to use the same terth for unloading, if
nitrophosphates are to >e manufactured. The number of
vessels used will derend on the distance +to be zovered.

FERTILIZER TRANSPORT FROM PLANT TO HARBOUK

As most of the output is to be shipped be sea, means of
transpcot up to the loading quay require to be studied.

Two solutions are possible ; the final choice cannot be
made until a later stage when layout and the manufacturirg
programme are es<a-blished.

1. A conveyor bel* taking the finished product in bulk
form to the harbour where the bagging plant is
situated, close to the loading berths. Sags will then
be held in storage until dispatch.

This solution involves only ons storage unit (a= the
~harbour), bu<c the railway lire will hava <o he
extended as far as the quay for rail shipment., Tha
railway can, however, be assumed <o serva harbour

in any case,.

The product is bagged at the plant and subsequently
taken by lorry *o the harbour where i+ is stored
while awaiting dispatch, or possibly loaded directly
if barges are being used. This solution involves
addirional storage caracity a* the bagging plan=.

A preliminary economic comparison shows that the choice
between these two alterratives is governed chiefly by
transport distances between plant and harbour.

Solution 2 requires low investment iritially, but the
frequent replacement of tractors and the high cos*t of
maintenance point to solution 1 being preferable if
the distance is under 2 km.

Table 4.8 gives a preliminary estimate of operating costs
“W1lth two alternative layouts (base n°1 and 2)=- of the two
means of transport, assuming urea alone to be produced.
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TABLE 4.8
LAYOUT 1 LAYQUT 2

ol e
Dunnén PLANT -HARBOUR 4.2 5 1.3 2
Rotetion period 2 14
Oaily lorry trensport cepacity 300 888
Number of tractors 41 2+
Number of trailers 8+2 842
Investment 10 150 000|400 000|4 306 000|280 000
Qperating costs 188 000}275 00C{ 110 060G/ 30 500
Amortization 508 000|170 000| 200 0GO {108 20O
TOTAL 873 000{445 300] 2310 200{328 000
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PHOSPHATE TRANSPORT FROM HARBOUR TO FERTILIZER PLANT

If nitrophosphates are to be produced, bulk phosphate can
S>e economically transported to the fertilizer clant by
conveyor belt, especially If <he plant is near the aarbour.

Cos< es~imartes anc acconomiz comparisons made in the
previous paragraph can as an initial approximation be
4pplied to phosphate delivery also.




AnnExe 1
DESCRIPTION OF PROCESSES

Partial oxidation of fue!l
for ammonia production

Urea production

Nitric acid production

Ammonium nitrate production

Nitrophosphate production
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A, AMMONIA PRODUCTION BY FUEL °ARTIAL OXIDATION

INTRODUCTION

The production process of synthesis gas, developped up to
now, use either waste heat boiler or water quench after
synthesis gas generatcr.

A certain quantity of soot is produced, it can be extracted
either in quench stage or after the stage of heat recovery.

Process which will be rapidly described is a partial oxi-
dation using water quench mode (Texaco process).

DESCRIPTION

Raw material can be any fuel oil pumpable at temperatures
below around 200°C, and with a sulfur content below or
equal to 3 % wt,

Fuel oil is at firs+ pumped at high pressure, abpout 3§
bars, then mixed with an appropriate guantity of super-
heated steam and the mixture comes in the synthesis gas
generator. Uxygen produced in ar air separator unit
(ircluced in the ammoria plant) is sert direc=ly under
pressure through this uunit then preheated by 3Team befora
going to the generator where [-s disappears totally by
reacting with fuel oil. Then gas is cooled by water guench
in order to saturate it and to take out all the particles
of soot made in this reaction.

The water-300t stream is axtracted continucusly and purri-
fied in a two stages system, using an extraction by naphta
at first, then by fuel oil. The soot-free water is recyclec
to the syn-gas scrubber and the fuel ¢il, with the socot,

is totally recycled to the generator.

The clean gas without the soot passes through 2 reactors
in serie, the two working with a medium tempera*ture conver-
sion (330°C). The «catalyst can operate with a high sulfur
content in the gas and can reduce the CO content of the




shifted gas at a value below or equal to 1.5 % vel.

Heat of shifted gas is used to preheat the boiler water,
process condercsates and demineralized water. After finw)
cooling, gas is sent to the rectisol unit in order to
extract C0; and H;S.

In the rectisol unit, gas is washad ur *5 an almos® sulfur
free content and up *to a I, convtent of about 20ppm. And
g3ses are sslectively washed up and deliverad separavely

« 4 stream of rich gaz in H;S (about 15 to 20%) and contai-
ning all COS of synthesis gas, stream which will be sant
to sulfur unit included in ammonia plant.

+ CO2 is sent either to the atmosphere, mixed with a cer-
tain quantity of stripping ni<rogen, the mixture having
a sulfur content below 35-10 prm, or <o +the Trea unit.

The Rectisol process operates a+ a tamperature of about

= 10 = 20°C for the wasning of H;S and at abour - 30°C

for the washing of CO,. The washed synthesis gas passes
through a molecular sieve in order to eliminate the traces
of methanol and CC;, then is washed out with nitrogen where
all the last traces of impurities (CO,, CO, CH,) are total-
ly eliminated.

Then synthesis gas is sen®t to the centrifugal compressor
which compress it.

Synthesis occurs in modern installa*ions around 500°C at
pressuraes ranging from 150 to 300 bars, depending on <he
grocess and the capacity of the installation.
he synthesis reaction is written as follows

Ny ¢ 3H; » 2NH,

The equilibrium concentration of +he ammonia is raised by
increasing the pressure or lowering the <temperature.

The iron catalyst is acrivared by oxides such as potassium,
calcium, magnesium oxides, and aluminium oxide.

Processes vary according to the selection of operating
parameters such as pressure, temperature, space velocity,
and also depending on the type of temperature regulation
selected. Large units are designed with regulation by in-
Jection of colder synthesis gas (reaction quenching) at
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different points of the catalyst bed (ICI) or betweer separate
catalyst beds (M.W. Kellogg, M. Topse). This is generally com-
bined with heat exchange between reactants and effluents, ge-
nerally by means of an exchanger located in the reactor. The
F. Uhde process design calls for heat exchangers between con-
secutive catalyst beds.

The heat available at high <emperature is raccver
effluent of the reactor, and used to orehesat !
or o produce steam.

Differences between the operating parameter levels in the
different processes are reflected by different recycling raves.
The ammonia content of the reactor effluen: varies from 12

to 20 %, but the curve of production cost as a function of
ammonia content is relatively flat and is not a Zood profita-
bility criteria.

The recycled gas is mixed with the fresh charge at the exizt
of the main compressor, and the combined charge is compressed
in the final stages of the compressor.

The reactor effluent is cooled by heat exchange in a faedwater
preheater or waste-heat boiler, and by a series of heat ex-
changers followed by coolers. The ammonia is condensed and
separates in a high pressure separator, from which the recy-
cled gas is taken. The ammonia is cocled to =34°C by succes-
sive expansions to atmospheric pressure, and then sent to
storage.
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B.  urea ProDUCTION

INTRODUCTION

Ammonia and carbon dioxide are +he feadstocks in all present
day commercial processes for the production of urea. They are
reacted together at temperatures and pressures ranging from
170-210°C, 120-280 Kg/cm? respectively. The effluent from the
synthesis reactor contains urea, water, excess ammoniac and
subtantial quantities of ammonium carbamate, a reaction inter-
mediate,

The principal reacrtions are :
CO2 + 2NHy - NH; COO NH.

NH. CcC, NH; ’NHz CO'NH: + H,0

The first reaction is exothermic and goes rapidly to comple=
tion., The second is endothermic and is a relatively slow
reaction.

Side reactions as biuret forma+tion occur.

In all urea processes carbamate mus*t Lbe removed from The urea
solution produced in the reactor, The difference in the va-
rious processes available are in the way “he carbamate is
decomposed and ramoved from the product and in the way in
which <he off-gzases produced in the decomposirtion are treated.

Available commercial processes may be jivided into four main
groups.

+ one through processes

+ partial recycle processes

+ total recycle processes

» stripping processes.

The description given hereafter, which is the description of

the stamicarbon process, is onrly presented as an exemple and
in no way presupposes the final choice of process.
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DESCRIPTION OF THE PROCESS

The process by stripping, with total recycle and evapo-
ration for the ur:a synthesis, includes the following
s-ages

+ comrression of NH,; and 20,
. synthesis

. recycling

. evaporation

. orilling

The reactor is a s<ainless steel vessel containing a series
of trays to assist mixing of the reacrants. As oxygen
inhibits the corrosive action of <=he reac+tion medium tracaes
of air are adied to the carbon dioxide feed orior to conm-
pression.

Ammonium carbamate is stripped from the urea solution lea-
ving the reactor by the fresh carbon dioxide feed. Strip-
ping takes place a~ reaction pressure in a vertical steam
heated tubular hea- exchanger. Maximum steam pressure is
25 ats.g but pressures down to 18 aTs.g are used,

Host of the unconvar=ed carbamare dissociateg into gasecus
ammonia and cartor dioxida which 2ass %c a condensar. Ther
they recombine <2 form ammonium carbama-e and mest of tha
sensidble heat of reac*ion i3 usad to raiss 0¥ Dpressure
steam in the shell of *he condenser.

=]

In the reactor, op+imum ammcnia carbon dioxide mol-ra+io
is set up at 2.3 by adding to the gas coming from the cor-
denser of which oprimum ratic NH3/ 20, is 2.4, the required
quantity of ammoria.

Reactor outlet temperature is in +he range of 18C-1230°C
and the pressure is approximazively 130 Kg/cm?.

The reactor is sized to give a residence time of 4§5=60
minutes giving an approach to equilibrium of 90-95 per
cent and ensuring stability of operation at varying feed
rates,

¢
i
i

'
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Cn leaving the stripper, the urea solution is let down in
pressure to 2-5 Dars, clear out of residual ammonia and

carbon dioxide and some wazer in a rectification column.
These products ars ccolad and sen= Back <o the high ores-

sure condenser.

The solu=ion comirg from the rectificza*tion 20lumn is le=+
down and sent to the flash drum.

During the let down of the solution, a big quantity of
4mmonia vapor and water leaves the solution causing thus

4 decrease of temperature. ) .
The urea content of the solution is abour 7%%. The soluvion
i3 sent %0 the storage -arx cf urea soluztion,

The solution urea pump transfers the solution to the heatar
of the first stage of evaporation. In this one pass exchan-
§er, the urea ccncentration is increased to 35%. The vapor
phase, separated from the liquid in a separator, i3 con-

iensed in the condenser of ~he firs<e stage of evaporation,

The vapors of <he flash drum are condensed and sent back
to the BP scrubber wi<h some ammoniacal condensates coming
from the other condensers.

The urea solution flows from the firse+ stage of evaporactior
to the second stage.

The second stage of evaporation includes in theory the
same equipments than +he first stage.

The mixture liquid/vapour flows from +*he heater towards <+he
Separator. The vapour is drawr in the eiector-condenser
group where it is condensed. The ccrdensa*ss are sent to
the tank of armoriacal watar.

The noncondensable §as coming from the condensers are ax-
hausted %o +he aTtmosphara,

The concen+trated urea solution is sen+t to *he suction of
the melted urea pump.

The melted urea is sent =0 =he top of the prilling tower.

The prilling basket delivers the melted urea in small drop-
lets in all the section of the tower. During their fall in
the tower, the droplets are solidified. The cristallisation
heat is recovered by the air drawn in the column by ports
located in the lower part.
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The urea prills are recovered at the bottom of the tower
where a scraper feeds a belt conveyor which carry then to
the storage.
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C. NITRIC ACID PRODUCTION

Nitric acid is produced by the oxidation of ammonia. This rech-
nique is practically <r= _-ly one employed at present. The
synthesis occurs in three consecutive stages corresponding <o
the following chemical reactions

. phase 1 : oxidation of ammonia .a a burner

GNH; + 50, = uNC + 3H20 AH = 215.5 Keal
(platinum catalys+®) ‘

+ phase 2 : oxidation of nirrogen oxide in a cooling condenser

2 NO ¢ Cp < 2NO AH ® 27,7 Keal |

+ phase 3 : absorption of nitrous gases in an absorption
column

INO; + H,0 * 2HNO, + NO AH = 32,2 Keal

Several alternatives are available based on this scheme, as
a function of the pressures adcpted in each phase. The firs+
processas employed were monopressure processes in which the
Same pressure was employed in the different phases. More
recently, dual pressure processes, in which *he absorpriorn

pressure is higher than <he oxidation pressure, have Seern
introduced.

Although the complete pressura range between . and 3 bars car
be employed, industrial processes employ the following pressu-
re levels in practice

» low pressure (LP) 1 bar absolute
+ intermediate pressure (IP) 4 to § bars absolure
» high pressure (HP) 7 to 9 bars absolute

The following combinations are the most widely used in practice.
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106,
oxidation tion
. case 1 (dual pressure) LP IP
. case 2 (monopressure) 1P IP
. case 3 (dual pressure) 94 4P
. case <+ (mcnopressure) 4P HP

In case 3, the absorption pressure is generally raised to
about 12 bars.

The choice is generally limited between a high pressure process
and a dual pressure process (IP + HP),

But at this stage of <he study, it is not possible to chocose
definitively between the two types.

The descriprion given hereaf<-er which is the descriprion of
dual pressure process (IP + HP) is only presented as an exem-
ple and in no way presupposes the final choice of process.

A flowsheet of the process is given in Figure 3.

In principle, <he dual pressure processes are closely similar.
Differences are essentially of a technological nature, dealing
mainly with the rechnology of the oxida<ion reactor, the heat
exchange circuiz, and the packing ard Zlesign 5f the absorprtion
rowaer,

Oxidation of ammonia to nitric oxide NO

The liquid ammonia is evaporated in a reboiler and then super-
heated to about 130°C. The ammonia vapors are <hen filtered.
Moreover, the process air is compressed +o about 5 bars af=er
filtration. A filter located downstream from the compressor
eliminates oil traces and other impuriries liable to damage

the catalyst. For the rest of the nrocess, the aquipment is
constructed of stainless steel.

The gaseous ammonia and air streams are mixed ard anter the
oxidation reactor (s). The latter contains the platinum-rho-

dium catalyst (about 90-10) which promotes equilibrium kirnetics.

The catalyst consists of gauze of woven 4 to 6/100 mm wire
weighing about 450 g/m?. A distributor device permits proper
distribution of the gas stream over the gauze. The temperature

in the reactor is about 85C°7. The heat of reaction is recovered

by successive passage of the gases through a stean superheater,
4 boiler, and a feedwater heater.
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A cooling condenser eliminates condensates which are recovered
and sent to the absorption unit by means of the separator.

Nitrous vapors are sent =0 the compressor.

(NCTE : some conversion of nistric to nitrous oxide sccurs in
the cocling condenser).

Agggrgsion unit

The absorption unit also comprises acid bleaching (denitration),
oxidation of nitric oxide and absorption proper. The hot air
current from the compressor is cooled and sent to the to+tom
of the bleaching column, elimirnating iissolved nitrogen oxides,
and giving a zerfec=ly clear acid, which is sent to storage,

The air leaving ~he top of the bleaching column is mixed with
the nitrous vapors upstream from the compressor.

The compressor raises the gases to a pressure which is general-
ly about 12 OLars.

The gases leaving the compressor are cooled by heat exchange
with the tail gases in a boiler feedwater heater, ard finally
in a water-cooled heat exchanger.

The low temperature level (about 30°C) reached and the pressure
favor conversion of the monoxide into the dioxide, which occurs
At the bottom of the absorption tower.

The gases are <hen introduced ints the absorption tower, where
they are absorbed Dy the condensates coming from <he coolirng
condenser and by <he zrocess warer. The axcess air permits gas
phase oxidation of “he nitric oxide produced during abtsorption.
A cooling circuit eliminates the heats of sxidatior and absor-
ption in the tower. The 55 to 50 % niwric acid produced is sert
t0 the column before storage.

The gases leaving the top of the absorption -ower contain less
than 200 ppm of nitrogen oxides in a suirably designed column.
(A lower nitrogen oxide content requires a more expensire
absorption tower.) These gases are expanded in a gas *turbire
before being discharged through the s+ack.
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D, 33.5 % AMMONIUM NITRATE

The production of ammonium nitrate by neutraiizazion of ni=ris
acid with ammonia, is the only industrial method currently
employed for this purpose, with the exception of small-scale
production from calcium nitrate, a by-product of certain pro-
cesses involving nitric acid attack of phosphate ores.

The synthesis occurs in accordance with <he following exother-
mic reac=ion :

NH; + HNOj; + NH,NO, H s 268 Kcal/mole
(in solution)

The ammonium nitrate is produced either in solution or molten,
depending on the process. It is then granulated, crystallized
or prilled. The main processes differ according tc the method
employed for neutralization (under pressure, at atmospheric
pressure or under vacuum), and by the technique employed +o
produce the dry rnirtrate).

Nevertheless, for the production of nitrogen fertilizers,
"prilling” is almost universally usac,

Aocern ammonium nitra<te rroduction processes hence involve the
following phases :

neu+tralization,
. <oncentration,
. prilling,
. coating/adding additive.
Neu<tralization can be effec<-ed at atmospheric pressure or

under about 4 bar pressure (vacuum neutraliza+tion is only
used for the production of crystallized ammonium nitrate).
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In modern processes, the ammonium nitrate solution is concen-
trated in two stages :

+ to 95 % without external make up enargy,

« to 89,7 % py final evaporatiorn.

This two-stage concentration cpera+tion is designed to limi-~

a4 minimum the resiience time in high concentraticns, as the
second concentration is effected immediately before introduc-
tion inte the prilling tower from a 35 § ammonium nitrare
recovery tank. The choice of a high concen*tration is dictarted
oy savings in investment and oparating costs in the >earling
Tower.

In view of the hygroscopic na*ure of the nitrate, agglomeration
of the prills should be preventad by spraying with an antie-
caking agert.

Qescription of the process

In their basic principle, the major processes do not exhibie

any fundamental differences. They cnly differ on technological
points associated wirth the use of specific equipment, or {n sys-
tems used for heat exchange between the diffapent fluids.

Figure 4 shows a typical simplified flowsheet o¢f an ammonium
nitrate plant with reutralizatiorn carried cut under 4 bars
pressure.,

Aftar preheating (generally by basic s-eam from the neutralizer).
the nitric acid and ammonia are introduced inte the neutralizer,
“hich opera<ss as abous 130°C yrder 4 bars pressure.

The basic svtean (containing a li+rle ammonia) leaving the =op o°f
the neutralizar zoes through a separator, which recycles the
droplets of nitrate carriad off frem the neutralizer. This

steam is used mainly to heat the primary evaporator. The sur-
Plus can be used for sther purposes outside the nitrate plant,
or condensed in the installation. The basic steam condensa“es
are employed as process water in the nitric acid unit,

The ammonium nitrare solution leaving the bottom of the neutra-
lizer contains about 73 & product. I+ is concentrated to 35 %
in a falling film type evaporator operating under vacuum and
heated by the basic steam.
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The solution is then sent to an intermediate tank, from where
it is drawn off to a secondary falling film evaporator. The
latter is heated by intermediate pressure steam (about 15 bar).
The use of falling film evaporators eliminates the risk of
decomposition of the ammonium nitrate.

The 99,7 % ni<rate soluticn is then sprayed at the zop of a
prilling tower. It is then transformed into orills via nozzles
or rotary Laske<t.

The beads fall freely against a counter-current of air sucked
up by fans located at the top of <~he prilling tower. Part of
the air employed is obtained from the downgtream coolers.

The ammonium nitrate leaving the prilling +tower is screened
in order to eliminate fines and lumps which are recyclad.

The ammonium nitrate beads are then cooled with air in a

cocler which is generally of the fluidized bed type. The air

may be preheated with steam if necessary. The ammonium nitrate
is then sent to a drum coating machine in which i+ is sprayad
with an anti-caking product. It is <then sent to the bagging
installation by conveyor belt.

?!

|
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E. wNITROPHOS®MATE °RODUCTION

INTRODUCTION

During the past ten years several processes have beer da-
velopped in order to produce nitrephosphate fertilizers
with high water solubility of the phosphorus component.
All of these processes seek *o serarate the phosphoric
acid and calcium nitrate which are the +wo orincipal compo-

3

nents in the phosphate rocknitric acid attack solutior,
Three maior types of process are the following
. calcium nitrate crystallizavtion processes
phospheric acil extraction processes
+ ¢alcium sulphate precipiration proces:sas
The descriprtion given hereaf<er, which is the description

of the Norsk hydro process, is only presented as an exemple
ard, i{n no way, presupposes the final choice cf process.

PROCESS DESCRIPTION

This process is divided in < seactions
. section 1 : phosphate dissolurtion

+ section 2 : crystallization ard neutralization of
calcium nitra~ce

+ section 3 : naeutralization of the mother liquer, evapora-
tion, mixing and granulation

. section 4 : conversion of calcium nitrate.
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Reactions

a) 3Ca, (POL),; caF; + (20 + X)HNO, « 2H,PC, + 12Ca(N2,y),;

+ 2HF + xHNOQ, [
"

b) Ca CO, + 2HND, = Ca(NOjy); ¢ CO; + HiD

Fluor leaves the reactor as SIF, and HF associated with
nitrogen oxides and little CO,. This mix=ure is washed
in scrubbers. Phosphate is dissolved in excess 55 - 32 %
nitric acid. The excess crevents the precipirtacion of
calcium phosphate during the crystallization. If <he
quantity of acid is reduced, a fertilizer with a minimum
ratio N/P,0¢ of 0.8/1 can be produced directly.

I? the phosphate rock is poor, a sand trap is installed
after the dissolution.

Crystatlization and 5i££aat£gn 05 gaggigm gitaatg
Cd‘“O;)g 4";0

The phosphate solution coming from the reactor is a mixture
of ngtric and phosphoric acids, with calcium nitrate. This
solution feeds crystallizers which are agitated tanks coo-
led by chillirg coils.

The crystallization is carried out in a rumber of tanks
in series in crder to ensure a cortinuous oroduction,

The final temperature iepands upon the required ccnvtent
of the water soiuble ?P,0,ard the "nutrien<" concentraticn,

!gg;aagization,evapoaation

The mother ligjuor coming from <he fil+ratior of calcium
nitrate is neutralized by gaseous ammonia as indica~zed in
the following reactions.

a) HPO, ¢ NHy = NH.H PO,
B) HyPO, ¢+ 2NH) hd (NHu)z H PO,
¢) HNO,y ¢ NH; < NH,NO,
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d) Ca(NO;); + 2HF + 2NH; - ¢NH.NO; + CaF,
e) C&(NO;): + CaHPO, ¢+ 2NH; - 2NH~NO;*

The impurities are precipi=ated as compiex sal<=s, The
neutralization is carried ocut in +wo stages In order +o
decrease the viscosity which increases Hecause of <he in-
termediate values of PK (each phosphate must be tested
in laboratory). Mcreover, the neutralizaticn of the ratio
nitrogen / P,04 is adiusted by addition of the ammonium
nitrate. The water content of the neutralized liquor is
reduced *o abou=t C.5 % by svapora+tion. Then residu is
mixed either with potassium chloride or with potassium
sulfate before prilling. The NP melt or NPX mixture is
formed into "drops" in the top of the prill tower by means
of & rotating perforated prill bucket. The solidified
prills are removed from the tower with a rotating tower
bottom or a rotating scraper. The off-size prills are
grinded and recycled. Then the prills are coated before
being storaged.

Caleium nitrate conversion

Calcium nitrate coming from the filtration 3tage is rein-
troduced in the tanks of agitazion where it is mixed with
ammonium carbonate obrained by reacting ammonia with car-
bon dioxide in the solution of ammonium ni<ra-e.

Calcium carbornate produced is fil=ra+ed and the mother
liquor which is nitrare solutior is withdrawed.

The cake is transformed again in slurry which Is
ted again and wasned strongly ir order =o obtain
carbonate which can be used,

filera-
calcium

The advantages of this conversior are due *o the quali=y
of calcium carbonate. Moreover ammonium nitrate is very
pure and the crystals of calcium carbonate are easily
filtrated and washed.
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ANNEXE 2

STEAM REFORMING OF GAS
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The dasic scheme of synthesis gas production in steam refor-
ming of naphta and of gas is the same, except small diffe-
rence.

In order to switch from natural gas to naphta, equipment of
naphta vaporization and naphta desulfurizaticn must be
added. lMoreover the catalyst of primary reformer must be
replaced by special catalysts for naphta and decarbonation
capacity must be increased.

To switch from naphta %o natural gas, it is necessary to
increase appreciably the heating capacity of primary refor-
mer. Cracking natural gas requires more heat and the skin
temperatures of tubes must be higher but it is the only

big change required in this cass.

Investments of ammonia plant based on natural gas are
7 = 3 % lower than those of ammonia plant based on naphta.

Average consumptions for natural gas steam reforming are
given in the table 1.

in the following tables, an economic compariscn between
sTean nfomini of naphta, steam reforming of gas and fuel
partiel oxlidation is presented.

- s
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TABLE !

AVERAGE CONSUMPTION PER TON OF AMMUNIA

Neturel ges (process + fusl)

tn 10% Kcal
Cooling water in md
Process water in md

8.30

270
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TABLE ?
INVESTMENT S
L .
in 102 us ¢
Steam refor- Fusl
ming of ::m :“" “| pactial
naphte ng of gee oxidstion
—
Process units 88 000 84 800 92 000
Off-sites 34 300 32 30 46 000
frected cost in turope 103 300 88 800 138 000
| teter cost 1n turepe 119 028 111 438 188 700
Totel cest in Vietnam 177 388 188 038 238 480
Spare parts ¢ 180 s 788 8 240
Catelysts ang chemicals 900 k] ] 450
Royalties 2 300 2 %00 2 %00
Pre opereting sxpenses
and start up expenses 12 420 11 120 16 §%0
Total investment
excluding finencial
charges 108 380 186 200 284 200
Werking cepitsl 8 700 ¢ 700 6 700
L - y 8
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TABLE

3

RAW MATERIALS AND UTILITIES CONSUMPTION

Nephta process in tons

Fiel in tone

Neturel gae in "0%kcel

Incuetrisl water in md

Fuel oll (procees -
fuel) {n tore

Steam reforming Steem reforming Fusl parcial
of naphta of naturel gee oxidetion
P:: ;:: Per year|Per ton | Per year P:: ;:: Per yeer
0.%24 172 §20
C.352 129 800
3,90 R 3837 200
22 y 280 000 18,8 B 106 000} 23.85 P 7s& cog
0.33%1 308 8¢
i




TABLE &

OPERATING COSTS IN 102 yss

Steam Steem Rusl
reforming reforming pertial
of nephta of gos oxigation

Veriable charges
. Fuel - - 28 844
. Natural gas ® - 25 881 -
. Nephta 28 37% - -
. Puel LSC 11 848 - -
o Induetriel water 383 308 388
. Catalysts ara
chemicals 1 200 440 420
Sub-totel 40 193 28 33¢ 27 8%2
Fixed charges
« Marmpower 138 1§88 195
« Techricel assistarce s 33 33
« Mainterance 3330 2 450 4 120
« Insurance 1198 1120 1 388
. Ganersl overhesd 70 70 70
. Leng rent 30 30 30
. Interest on working
cepital 8§70 §70 370
Jub-totel § 290 § 314 6 703
TOTAL OPERATING COST 4% 383 31 380 34
—

Gas price t... based on the price of celorle, i.s.

8.7 US $/10° xcel,
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Assuning before taxes jayment times of 7 yvears, for each
type of processes, ammonia prices has been calculated for
several raw materials prices. Results are given in table 5.

The following figure gives the variation of ammonia prices
versus feedstocks prices for different routes of production
and for the same profitability (pay out time s 7),
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