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Explanatory notes

The following abbreviations have been used in this report:

ammonium nitrate

calcium ammonium nitrate

calcium nitrate

diammonium phosphate

monoammonium phosphate

National Fertilizer Corporation
National Fertilizer Development Centre
nitrophosphate

revolution per minute

FREEFN RN L

water soluble

The following exchange rates are used in the conversion of country currencies
to United States dollars:

Exchange rate

Country Currency r US dollar
Feaeral Republic of Germany -Mark (DM) 1.92
Pakistan Pakistan rupee (PRs) 9.90

The designations employed and the rresentation of the material in this
document do not imply the expression of any opinion whatsoever concerning the
legal statuns of any country, territory, city or area or of iis authorities, or
concerning the delimitation of its frontiers or boundaries,

Mention of firm names and commercial products does not imply the endorsement
of the United Nations Industrial Development Organization (UNIIC).
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ABSTRACT

e

The project entitled "Assistance to the nitrophosphate fertilizer
industry® (TS/PAK/80/001) was requested by the Government of Pakistan in
March 1980, and was approved by the United Nations Industrial Development
Organization (UNIDG) in April 1980. The projectts objective was to assist
the PAKARAB Fertilizer Compary in correcting problems in its nitrophosphate
fertilizer plant with regard to increasing the water sclubility of the
product and to advise on filtration problems for the calcium carbonate by-
product. The five-week mission took place in September and October 1980,
and was designed to evaluate a proposal to rectify the situation and to
suggest additional technical recommendations. The .echnical data provides

the basis for the necessary improvements.
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INTRCDUCTION

The PAKARAB Fertilizer Company, Multan, a National Pertilizer Corporation
(NFC) unit, is producing nitrophosphate (NP) complex fertilizers. The plant
has both NP and calcium ammonium .~itrate (CAN) sections. Though the plant was
designed to produce NP with 80% solubility and 23% nutrient content, these
levels could not be reached., Instead, products with solubilities varying
between 62% and 73%, averaging 67%, and a nutrient content noi exceeding
21.7% were obtained. The supplier, who was asked to rectify this sitcation,
submitted a proposal on 23 July 1980.

The Government of Pakistan sought advice on the proposal,and Paul Catana,
Pertilize: Expert, was assigned to the work under TNIDO project TS/PAK/80/001.
The expert arrived in Mulian on 14 September 1980 and began work at PAKARAB on
15 September. The original assignment of three weeks was later extended to

five weeks.

The problems of PAKARAB are summarized as follows:
(a) Plant operating below capacity;
(v) 1’205 water solubility is3¢ than 80%;

(z) Uow nutrient (N and 19205 ) content in the final product;

(d) Poor filterability of cal-ium cartnnate suspension in the calcium
nitrate (CN) plant;

(e) Evaluation of plant suppliers (Stamicarbon of the Netherlands (licencee)
and Uhde of the Pederal Republic of Germany (comtractor) and their suggestions and
recommendations for improving plant operation;

(f) Plant management is interested in increasing P O5 citrate solubility
in the final product and decreasing nitrochalk (cAN) caking.

The expert spent four weeks visiting all sectioms of the plant and held
numerous discussions with the plant managemen.. senior engineers and staff

members (see annex II).
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CONCLUSIONS AND RECOMMENDATIONS

Under the present conditions the nitrophosphate plant, at Multan, Pakistan,

cannot achieve its planned capacity and the end-product is of poor quality.

The contractorts proposals made on 23 July 1980, cannot result in an

improvement of the situation.

From the calculation formulas for on5 in the soll as indicated by the
National Fertilizer Development Centre (NFDC) Islamabad, it is envisaged that
the plant can only be improved by investing about IM 7 million in order to

yield the required PZOS capacity and an 80% P,0c solubility in water.

It is reco.mended that inert separation is practised by using hydrocyclons;
by enlarging crystallization, refrigeration stations and centrifuging; by
modifying the crystals discharge system from the centrifuge in order to
increase the size of tetrahydrate calcium nitrate crystals (as well as the
increase of recycled calcium nitrate quantity); and ensuring a CaO/P205

molar ratio of 0.64 in the mother liquor.

A buffer vessel needs to be provided between crystallization and
centrifuging stages.,

In order to increase the citrate soluble P205 content, the neutralization
system should be provided with two pre-neutralizers.

To guarantee the plant's annual output it is recommended that an increase
of 10% be made in the capacity indicated in the expert!s or the comtractor's

proposals.




I. DESCRIPTION CF THE PROCESS

The nitrophosphate process involves the digestion of phosphate rocks with
nitric acid and the separation of the formed calcium nitrate crystals from
the system by cooliag and filtration. This is generally done following ihe

Odda process which has been in operation since 1928,

Plants using the Odda process tiroughout the world differ from each other
in some of their engineering aspects at various steps of the process. 1In
comparing today's processes with the initial Odda process, the procedure of
using calcium nitrate as a by-product bhas been changed; +he conversion of
calcium nitrate to ammonium nitrate and calcium carbonaie is practised. The

various steps are given in the figure,

At PAKARAB, the following process is presently applied at the NP plant:

(a) Digestion of imported phosphate rock is made in two ressels provided
with agitators. The volume of the vessels dictates a retention time of
approximately 45 minutes. The reaction is carried out at 65°C. The process
takes place according to the equation: CasF4(PO4)2 + 1OHN03 "233P04 +
5ca(N05), + 4EF;

(b) Crystallization is conducted in four streams of crystallizer lines
each having nine crystallizers. NP solution from the digestion steps is fed
into the crystallizers in series, while the brine solution, as the cooling
agent, is fed in parallel. By using a brine solution as the cooling agent
at a temperature of -7°C in the Jjacket of the crystallizers, the temperature
in each of the following crystallizers decreases gradually and the final
‘cryswallizerts temperature is maintained at +4°C. When the temperature of the
NP solution is decreased, crystals of Ca(NOB)z. 4320 appear;

(¢) sSeparation of the crystals from the NP suspemsion is carried out
by centrifuges. The mother liquor containing NP equilibrium solution and a
quantity of NP crysials which escapes screening is then mixed with tiae proper
quantities of ammonium nitrate solution;

(d) The NP solution is then neutralized with ammonia gas in a process
specified to take place at pH = 3.5, but in practice pH = 4.5 is applied.
This is to enable the following chemical reactions to take place:

ENO; + NH; = NE N0, (pH = 1.4)

EzsiF + BCa(H03)2 + 2320 = BCaF2 + 6NH4NO3 + 3102 (pH = 2.6)

303(N03)2+ 23390 4t 6N33 = 6NE mo3 + Cai(PO 4)2

insoluble in water
and citrate

PO4 + ZNI'-I3 = 21.’!5416’01 + Ca..’-’l'l’O‘i

soluble in citrate
insoluble in water

4

Ca(NOB) o * Hs
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R(NOS) + 3NH, + H;PO, = 3NH NO; + RPO, (R = 41, Fe)

3 373

soluble in citrate
insoluble in water

H3P04 + NH3 = NH!HQPOA
soluble in water
and citrate
NH4HZPO4 + N’H5 = (NHA)2HPO;

soluble in water
and citrate

According to the above chemical reactions and depending on tle calcium
nitrate content in the solution, it is possible to obtain larger or smaller
quantities of phosphorus compounds soluble in water or ammonium citraie
solutions. From the above chemical reactions it is obvious that the presence
of fluorine compounds partially block various quantities of calcium. This
leads to an increased P>Os solubility in the final product. The tricalcium
thosphate formed, Ca, (PO o0 is insoluble in water and citrate; it is an
undesirable product.3 Thé extent of its formation largely depands on the ratio
Ca/P in the mother liquor. Similarly, its formation may be also due to
improper working techniques, particularly in the neutralization reactors where
improper mixing is carried out. Once this compound is formed it cannot be
retransformed into water or citrate-soluble compounds;

(e) The crystals are washed with nitric acid at 0°C. Both the residual
mother liquc and the niiric acid are then separated from the washed crystals;

o (f) NP neutralized solution is concentrated by vacuum evaporation
(175°C and 0.3 bar} by applying thermosiphor circulation;

(g) Granulation of the oroduct is carried cut by prilling, using a
rotation prilling bucket. The NP melt is passed to “he prilling stage at a
temperature of 1759C;

() The screening, cooling and coating operations (grades 1:i:0 do
not need coating) are conducted in the ncrmal equipment generally used in
the fertilizer industry. For cooling of prills, a fluid-bed cooler is used;

(i) The CN crystals obtained from centrifuging, with a maximum P0¢
content of 0.26%, are melted at 75°C and passed to the CN/CAN unit for
conversion to ammonium niirate and calcium carbonate in accordance with the
chemical reaction:

Ca(NO + €O, + 2NH, + H,0 =3.CaC0; + 21\7541\103

32 3 3
Before being pumped to the conversion reactor, the CN solrtion is pre-neutralized
#ith ammonia gas until the pH becomes 4.5 (in practice 1.4-2.4). The purpose

of this step is 4o allow the precipita*iocn of fluorine and paosghorus compounds as
apatite. The amounts of NE, and CO, which are fed to the bottom of the
precipitation column are cogtrolled to obtair the following conditions for ihe
suspension at t.e vottom of the reactor: pd = 7.3-8.1, evolution of free CO,
(fizz test) and Ca solutle, less than 0.047%. Within the column a preper <
cooling system has been provided regarding heal exchange~s;
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(j) Separation of suspended CaCO, from ammoniux nitrate is done by
filtratior. The filtrate contains 63% onium nitrate. Residue is waished
CaCOz cake., Water condensate is used for washing of CaCOg. Some parts of
the ammonium nitrate solution are pumped to the neutralization cstzge in the
NP unit and the rest is fed to the evaporation stage;

(k) The evaporation system has a multiple effect, resulting in a nelt
of ammonium nitrate (AN);

(1) Por the preparation of the CAN product (mitrochalk 26.5% N), the
AN melt is mixed with the proper quantities of dry CaCO3;

(m) The CaCO3 powder is obtained from CaCO; cake by drying with hot
gases in the pneumatic column;

(n) The mixture of AN and Casco3 solid is granulated by prilling;

(o) The CAN prills are passed through the screens, cooled at 4500
and coated with kdeselguhr and amine (300 ppm). :
Since the most difficult problems were connected with the NP unit, special

attention was paid to it., This unit had the following parameters:
Design capacity: 1,015 t/d (100%) NP
fertilizer 23:23:0
Working time: 300 d/a
Designed quality of fertilizer:

P,0; 22.6 & 0.4%

N 22.6 + 0.4%
P205 water solubility 80% min

P205 citrate solubility unspecified
Operating capacity: approximatly 60% of design capacity

Achieved quality:

on5 about 21%

N about 21%
P,05 water solubility (WS) 60%=13%

P,0g citrate solubility 88%

PAKARAB is interested in producing a complex fertilizer with the highest
ssible water solubility for the P.0. and achieving ai the same time maximum

production capacity. Therefore, the management of ithe complex has established




the lowest permissible limit for the quality of the fertilizer provided in the
plant, i.e. 60% water solubility. Steps were iaken to obtain the maximum

production capacity under these conditions.

It should be recorded that when the present plant facilities tried to
produce 80% water solubility, operating capacity droppeé to approximately
30% of design capacity.




II. MAINTENANCE, OPERATING TIME, OPERATING STAFF

After 20 months of operation, the general impression of the plunt compared

with similar ones elsewhere is that it is clean and well kept.

From a mechanical point of view it can be said that the major difficulties

arise from:

Decanters. There is a strong corrosion effect on rotating emipment. From
time to time (average two weeks) one of the three decanters is dismounted

for welding a new surface with stellite (approximatly 12 kg of metal).

Booster, compressor and turbine. These were out of order for most
of the time the expert spent in the plant. This indicated problems in the

sealing-0il circuit which fed steam to the turbine,

Under present conditions this equipment can be by-passed so it would not
remain a major factor affzcting the NP plant capacity. It will, however, create

problems for CN/CAN plant capacity.

Separating centrifuges. The slot screens which are installed on the
centrifuges are worn out and must be replaced every five weeks. Corrosion
leads to ar increase in the quantities of crystals passing through the screens
together with the mother liquor.

The temperature originally set for crystallization is likely to rise due
to increased quantities passed to the crystallizer. It therefore becomes
necessary to decrease the temperature of the crystallizer further in order to
cope with the new situation. This has its limitations and will not help in
achieving the final water solubility required. The needed quantity may be
obiained at the cost of quality.

Venting ducts. Corrosion was noticed, especially in ducis carrying gases
from CN and NP melting tanks, This is to be expected in view of the gas
, and HF) and its high temperature (15°-175%).
Internal cooling of *he ducts is needed to decrease the temperature and the

composition (HNO3’ SiF4, NH

corrosion effect. This is usually done by introducing water-spraying nozzles,
A trial was begun to prove this during the mission, The temperature of the

CN melting tank was decreased, a follow-up of the extent of corrosion is being
made,
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Leakage of steam under pressure. The steam pipes made from carbom
steel are operating under pressure arnd relatively high temperatures. These
fail to withstand corrosion under stress in the operating environmenval
atmosphere. For this reason it is recommended to change the carbon steel
(only in the NP plant area) to stainless steel, If this cannot be done
immediately, it is advisarle to do it whenever <here is a need to change any
of the pipes. The pres:ant losses in production as a3 result of plant stoppages

due to corrosion justify the uvse of the more expensive stainless steel pipes.

There is no.doubt that eliminating such problems and applyiug adequate
preventative maintenance measures with the use of the proper materials, a
large operational burden will be removed and the technical staff will be able

to concentrate on controlling the main production processes.

Centrifugal pumps. The pump for the NP melt before prilling is c.eating
serious problems, In some plants, this pump is eliminated by installing the
evaporators above the prilling system. Tae prilling system is fed by free-
flowing melt rather than by being pumped. At the same time there are plants
where the pH of the NI’ meli is maintained at a higher value than at the
Multan plant, It is well known that the solubility of moncammonium phosphate
is maximal when the molar ratio of NH3 to H3P04 is 1.5 (in the Multan plant
this ratio is 1). This explains the present tendency in tke NP unit to apply
a higher pH than that established Ly the comtractor. It is felt that at a
higher pH the pvmp operates better. In fact, the plant was not designed for
such a high pH, which results in supplement#ry losses of ammonia in the
evaporators.

It is difficult to locate the evaporators above the prilling system.
Hence it is necessary to drain and steam-wash immediately after the NP melt

punp is stopped. Before reswitching the pump for a new operation, the pump
must be reheated. It is possible that the cause of the pump cracking is
due <0 the strain created as a result of thermal expansion and mechanical
vivration. It is necessary to check all the pipes and NP melt pumps in the
system and to install flexible connesting pipes.

It should be mentioned that these pumps are cositly and any other

suggestion 1o prolong their life would be worth exploring.
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Compressors. The compressors used for the refrigeration system create
problems, especially at the bearings which result in axle displacement. When
the compressor stops, the working capaciiy of the refrigeration umit drops,
which in turn results in lower operating capacity amdi P
in the final product.

205 water solubility

Perforated plate of the fluid-bed cooler. The blocking of the perforated

plate appears frequently and requires time for it to be cleared. The plant

has {thus to be stopped for 10 hours every two months,

In the experi's opinion this unwelcome phenomeLon is a result of the
ilow size of prill: from the prilling tower. Since the fan used for blowing
air from under the perforated plate is ocut of order, the plant operators
were forced to work with only one other fam, which is used for the induced
air from the upper part of the cooler. The pressure above the fluid bed
mst be maintained at zero (i.e. the same as atmospheric pressure). It is

clear that both fans have to be in operationm to obtain the zero level.

Prill bucket. Quite often the holes of the p=ill bucket are blocked
by inert particles. It is recommendec that the holes be enlarged and double
the number of holes be mede in each row. If the melt temperature is
decreased ard the viscosity of the melt is iacreased along with the increase
in the dimensions of the holes, larger prills will be obtained. A4s mentioued
earlier, the fluid-bed cooler would work vetter under suck conditions.
If the melt temperature is decreased, recycling must be increased. To
increase the recycling, a system for the tramsport of the recycling to the
top of the tower must be employed.

It should be noted that the NP unit along with the CN/CAN is the last
element in the chain of the integrated complex, for example, ammonia -¥ mitric
acid -» NP or CN/CAN, ard that all these plants need utility services.
Normally, all the faulis that appear in +the first part of the chain
or in the CN/CAN plants or utilities are transferred to the NP plant, and
the plant will cease operating or reduce output. This situation comvinced

the expert to seek the main causes which forced the plant into this situativn,

The expert discovered that during the three months (July-September 198v),
2,208 hours should have been worked at the plant, but +ihe plant was stoppeu

for 476 hours as :follows:




- 16 =

(hours)
Mechanical failure 242
Absence of utilities ST

Difficulties at other plants 177

Total 476

Outside conditions permit the plant to operate for only T78.5% of the
time. In the expert's opinion ikis percentage is too low. It should not
fall beiow 9(%. One possibility of decreasing the lost time is to reduce
mechanical failures when other problems appcar, and use that time for
preventative mechanical maintenance., This would reduce the amount of lost
time by one half (238 hours instead of 476 hours). The expert also
recommends increasing the number of personnel in the mechanical team (i.e.
more personnel to be equalily divided at the plants, so thai each plant has
a certain number of available mechanics). The teams should also have

sufficient spare parts for their equipment.

In the Jesigned capacity for the same period, the plant was supposed
to produce 21,113 t of PZOS’ but it only produced 8,922.6 t. The deficit
in capacity can be calculated as follows:

a- 8,922.6 x 90 x 330 ) x 100 = 46 . 7%
78.5 x 300 x 21,113

where:

78.5% = present working time

90% = expected working time

300 = working days per year

330 = pumber of days per year with

interruptions when plant is operating
As a result there is a need to increase the capacity in some stages

of the plant by at least 46.7%, assuming ithat the efficiency of <he
personnel is 100%.

In the short period the expert worked at the plant he was in contact
with process-cperating personnel, and recognized that the team was of good

quality.




III. ANALYSIS OF CONTRACTOR'S ALTERNATIVES

In order to remedy the situation of the NP unmit in Mulian, concerning
the capacity and quality of ine final product, speciclists from both the
contractor and licensor carried out tests in the plant and the laboratory.

The results were issued on 25 January 1980 as an altern;tive study and a final

report came out cn 23 July 1980.

In analysing the proposals the expert encountered a mumber of difficulties.
There were insufficient data in the final report (type of rock used, condition
of the screen slots of the centrifuges etc.). The presence of the blocking
elements for calcium (F, 804) was not taken into account, and the quantity
of crystals which passed the centrifuges was not given.

It was realized that the screems of ~entrifuges were relatively new,
The tests were carried out over a period of ww. months using five sets of
screens, although in practice screens are changed every five weeks. 1In the
alternative study it was concluded that there were three possibilities for
improving the capacity (up to design capacity) with a different product
quality, and different investment and utility consumption figures. The

alternatives were:

1. Provide eight supplementary crystallizers and to decrease crystallization
temperature to O°-2°C using supplementary refrigeration; this creates the
conditions necessary for obtaining a final product with 70%—75% PZOS watep
solubility. For this alternmative a supplementary invesiment of IM 2.81 million.

is needed.

2. A new stream of crystallizers (mine items) are required in addition to
the 36 crystallizers in operation at present. Working temperature of the
crystallizers would be 0°-2°C and a fourth centrifuge would be required.

This altermative expects o obiain 100% design capacity and P205 water

solubility of 70%-7%%. The invesiment needed is IM 3.32 million.

3, This altermative requires inputs of two new sireams of crysiallizers
(2x 9= 18), and a crystallizer final temperature of -4°C, increasing of
refrigeration station capacity with 4.106 keal/n (17 GJ/h) and installing
two new éentrifuzes. This is anticipated as achieving 100% design capacity
and 75%-77% PZOS water solubility. The investment cost for egquipment only

ig estimated at DM 5.17 million.




- 18 -

None of these alternmatives guarantees a contract quality of the final
product (80% P,0; water solubility).

An analysis of the method used to establish these possibilities is as
follows:

(a) The molar ratio Ca0/P,05 in the final report is too high for the
equivalent P,0c water solubility %or each alternative if it is required to
obtain at the Same time a Py0, citrate solubility of 98%.

(b) On a practical basis the proposals do not appear to reveal ary
qualitative changes; the dimensions of the crysiils remain the same so
that the efficiency of separation in the centrifuges is the same., If it is
thought tha: as time goes on the efficiency of separation decreases in this
type of eentrifuge, the expert cousiders thai the proposals will not result
in achieving the figures shown in the final report as far as the capacity
and the water soliubility plus citrate solubility for P205 are concerned.

It should be mentioned that from the itotal conteni of P205 in fertilizer,

plants utilize only that which is soluble in citric acid.

A% present the product (as indicated in the second altermative) has 88%
citrate solubility; this is too low to be acceptable., If the neutralization
step could be improved and made to work properly, the citrate solubility would
increase to 96%-98% and the water solubility for P205 would drop.

When taking into comsideration the costs which would necessarily have
10 be spent and the uncertain results which can be expected, the expert
considers that each of the proposed alternatives would only obtain 85%~90%
of the yearly capacity, and the P205 water solubility which would be
guaranteed in the final product will be 5% lower than the figures indicated
in the final report under conditions when the plant should be achieving
97%-98% P,0; citrate solubility im the fimal product.
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IV, SUGGESTIONS FOR IMFROVEMENTS

NP Blant

The process requires that the Ca(N03)2.4H20 separated from the system
by crystallization and centrifugation be of such quality that the remaining

NP solution has the correct ratio between Ca0 and PZOS'

In the neutralization step an amount of Ca is blocked as CaF2 (some
parts are already blocked as CaSO4) so that the final result obtains compounds
insoluble and soluble in citrate, and P,O. which is still free to react with

275
ammoria to obtain water soluble phosphates as MAP and DAP.

In cases where the Ca0 to P205 ratic is around 0.55, the water solubility
in the final product will be 8% P,0;. If the ratio were 0.64 the water
solubility of P205 in the final product would be approximately 80%, and for
0.86, T0%. In these final products, PZOS citrate solubility is around 979~
98%. At the same time the quantities of Ca(N03)2 which are in the mother
liquer are determined by the equilibrium composition of the mother liquor,

There are aiso some crystals that have passed through the centrifuge screens.

Using equilibrium diagrams (Jenecke-type) for the systeus Cas(P04)—
HN03-35P04-Ca(N03)2 for different temperatures it was possible to establish
the equilibrium composition of the mother ligquor, and for a ratio of 0.64
to be established, what was the maximum quantity of crystals that could be
allowed to pass the centrifuges in the mother liquor. For this reason it
was necessary to control (and thus decrease) the guantity of crystals which

pass the centrifuges.

The only solution is to increase the dimensions of the crystals and to
maintain for a longer period the correct space between the centrifuge screen
slots. It is recommended that the dimensions of the crystals be doubled.

It should be mentioned that in installed-type crystallizers it is
difficult to treat crystals. The stainless-sieel stirrers suffer from corrocion,
especially under the effect of the inert material at the same time as the
crystals. It is normal {0 suppose that if the stirrers were affected, so
would the crystals be affected

In this type of crystallizer the speed of revolution should be reduced,
and this would decrease the heat-transfer coefficient. In this respect it
would have a milc effect on the crystals and at the same time achieve the

heat transfer necessary for working with a maximum sii.rer speed of 30-40 rpm.



It would alsu compensate the heat transfer so as to increase the surface

thermal transfer and in addition, a larger volume of crystallizers.

When decreasing the speed of agitators, the power consumption will also
decrease (it is proportional to the cube of inh: rotational speed), so that
in time the saving of energy will compensate for the egquipmeni's initial

larger cost.

Another way of increasing the dimemsions of the crystals is to prolong
tke retention period when the systems approach equilibrium. 7This parameter
begirs to become important after a long retention period., This would result

in a much greater volume of crystallizers. However, this method is uneconomical.

The concentration of Ca(N03)2 in the system is another factor which can
influence the crystal dimensions. In the equilibriim diagrams (Jenecke-type),
in each composition of the NP dissclving soluiion there is a precisely

located point.

At the moment when the temperature of ithe solution begins 1o decrease
the initial point moves (beginning with 2300) on the straight line connecting
the initial poini with the co-ordinate poimt for Ca(NO3)2. The point changes
its position on the straight line until it meets the contact point between
the straight line and the equilibrium curve representing the separation
between Ca(NOB)z. 41120, HNO3 and Ca(N03)2 in the solution. PFor each final
temperature there is another position of the equilibrium curve in the diagram.

A larger quantity of crystals will be separated from the system at the same
temperature when the initial point is closer to the original point for
3Ca(N03) o

The normal dilution of the solution from the digestion of phosphate rock
with nitric acid should take into consideration the sub-cooling effect;
crystallization begins at 25°C and the system stabilizes at 28°C. When the
temperature of the NP solution decreases to below 28°C the number of crystals
from the system remains theor:tically constani. For this reascn the
supplementary quantity which is separated from the solution must be crystallized
on the crys+tals which are already in suspemsion. It is insufficient just to
decrease the temperature any further (below 5°C, the quantity of Ca(N03)2
which passes into the solid form is too low), Therefore, i is important
that an initial solution of the Ca(N03)2 must be at a sufficient level so
thai when the crystallizers are finished, crysials of <the proper dimensions

are ootainec.




Increasing the initial concentration of Ca(N03)2 in the solution before

crystallization will not change the final temperature of crystallization
because 3 larger initial amount of Ca(‘NO3)2 means bet*er efficiency of
crystallization for the same temperature. Increasing the iniiial quantity

of Ga(NO3)2 means in fact, the necessity of increasing the heat-transfer
surface and the need for a larger capacity refrigeration unit. The expert
therefore proposes to stop cooling the nitric acid for washing the crystals
in the centrifuges, and to use directly HNO; at 30%-35°C. This will dissolve
more crystals and be recycled with the washing acid to the digesiion unit.

To operate the centrifuges correctly, even if the crystals obtained ar
doubled in size, the maximum admissable distance betweer screen also is 0.4 mm
after corrosion. The most important effect of corrosion on the screens appears
as a result of the system of crystal discharge from the filtration and washing

zones of the centrifuges.

The centrifugal force in the equipment keeps the crystals "sticky" on
the screens. At the same time there is movement of the crystals as a result
of the effect of the discharge pulsation system of the cenirifuge; the solid
materials (crystals and inerts) have a scraper effect on the screen.

A new system for discharge of the centrifuges is necessary; the expert
proposes that a blow-air discharge system be located on the upper part of
the centrifuges. The centrifuges only must work in one stage which includes
filtration, washing and discharge.

The life of the centrifuges will be prolonged. Additionally, the new
system of discharge is recommended because the suspension fed to the crystallizers
contains a lower gquantity of inmert material. Under such conditions, the
use of hydrocyclones instead of decanters (or both sysiems in series), makes
it possible to reduce the quantity and size of the particles that remain in
the solution. It is preferavle that the maximum dimensions of the inert
particles be no greater than 50 mm . It must be emphasized that hydrocyclones
will not completely solve the problem because they will be strongly corroded;
however, it is easier tn change a botiom cone in a hydrocyclone than

in a decanter.

The .inert separation method still remains a prohlem, and the expert

recommends the following:




(a) The use of a material balance process (as shown in anmex I) wuich
when compared with the material balance issued initially the contractor,
increases the amount of Ca(N03), recycled bty washing acid (five times higher),
the increasing free HNO3 in the dissolving solution and decreasing the final
crystallization teuperature to -7°C so that the molar ratio Cal ir the mother
liquor reaches 0.64; P205

(b) The use of eight crystallizers of large capaciiy, each having a
heat-transfer surface of 200 m? with a low stirrer Spged in order topbtsgn .
an overall heat-iransfer coefficient of 85 keal h~! m~<°C~7 (360 kI ™ m™<O¢c™*);

(c) Providing the refrigeration station with additiomal capacity of
4 Geal/n (17 GJ/b) so that it kas a total capacity of 10.2 Geal/h (42.7 GJ/h);

(d) Providing two additional cenmtrifuges with air-biowing systems for
discharge purposes;

(e) A buifer tank between the crystallizers and the centrifuge shoulc
be provided; <this guarantees the possibility of working with any stream of
crysallizer from any of the centrifuges;

(f) Installing in the neutralization stage two new pre-neutralizers

designed properly for the system. The pre-neufralizer proposed by the licensor
did not have sufficient capacity for this work;

(g) For cooling the fresh mitric acid for digestion, a heat exchanger
should be installed which emables the recovery of the refrigeration capacity
of the mother liquor before neutralization;

(b) The diameter of the holes in the prilling basket should be doubled.

CN/CAN plant

To improve the Caco3 filterability, and to prevent the blocking of
evaporator tubes for ammonium nitrate solution and for improving the CAN
quality (removing the tendency to cake and sufficient mechanical strength
for prills) the following steps are recommended:

(a) Strict control for P205 conteni i-. the CN solution;
(v) Pre-neutralization carried out at the pH value which was already
established;

(c) Precipitation of CaCQ, carried out at a oH and temperature lower
shan indicated by the contractor.,” At the same time, the excess of <he CO,

in suspension before filtration should be coniinuously checked;

(d4) After administration of (NE;),SO, in the AN solution before
evaporation., it is necessary to insert a control filter system under the
pumped pressure;




(e) Retention time and the temperature in the mixing vessel should
be decreased;

(f) Recycle stage to the mixer should be transported pneumatically
and not with an AN melti;

(g) Prills should be cooled up to 30°C before coating;
(») The pressure for the amine pump should be increased, and it will

be necessary to use the correct nozzles, properly installed ia the coating
drum.




V. PROJECT FINDINGS

The NP plant with iis present equipmenit can produce only 40%-50% of tke
designed capacity with a final product being 60%~65% P205 waier soluble and
approximately 88% P2°5 citrate soluble.

The ccntractorts suggestions dated 23 July 1980 cannot guarantee either
the realization of the capacity or the gquality of the final product, Neither

will any of the proposed altermatives,

It is important to begin experiments for ithe replacement of decanters

with hydrocyclones.

Since a large area of the agricultural soil in Pakistan contains a high
calcium content, a reasonable proportion of the water soluble PZOS is likely
to be converted into insoluble form after being iucorporated in the soil for

a short time,

The general formula for phosphate uptake by tie soil can be expressed

as follows:
Y=50+0.5Xy

where Y is the uptake and X the percentage of P water solubility.

205
For fertilizer obtained under contract conditionmns
Y (80%) = 50 + 0.5 x 80 = 90%

For 100 kg NP fertilizer containing 22.6% P,0; and having 80% solubility
in water, the quantity of on5 taken up by plants = 100 x 0.226 x 0.8 x 0.9
= 1b.3 kgo

If instead of the pre-designed 90% p205 water solubility in tke NP
fertilizer, a fertilizer with 60% water solubility is used in the soil, we
have

Y (60%) = 50 + 0.5 x 60 = 80%
and the quantiiy of P205 taken up by plants =
100 x 0.21 x 0.8 = 10.71 kg

In principle (because the soil has the capacity to recover partially

some residual P20= which is in insoluble form), additicnal fertilizer quaniitiss
Pl

1/ Reference D. Kocle and T. Saleem, NFC, Islamabad,




must be incorporated into the soil. This complementary quantity =[I16.3/10.1)-]

¥~ 100 = 61.4%. If this formula is strictly applied there is no doubt that
it will be necessary to make an effort to obtain the proper quality of the
NP product. It will be more economic compvared with the investment cost
suggested for the first alternative in chapter IIXI. In one year the

supplementary cost will be recovered.

NP outputs from Multan consist of app - ximately 30% of the overall present
consumption of phosphate fertilizer in Pakistan. It is nct feasible to avoid
using the PAKARAB product with 60% P205 water solubility in areas with a
high calcium content in the soil, However, the accuracy of the figures must

be checked before any final decision is made,

This report reflects the technical viewpoint of the é&xpert. Within the
lipited time of the mission it was not possible either tc- check all the figures
or-t~ check the feasibility of introducing some of the proposals. This often
requires laboratory and pilot tests before making a decision for an altermative
scheme. Examples can be illustrated in the suggestions to improve crystallizer
and centrifuge performance, and to increase their refrigeration and neutralization
capacities. The key ‘o the operation2l problem lies with the dimensions of the

crystals.

Before any proposals are implemented, it would be nacessary to add 104
to the capacities as a safety factor, despite the 300 days per year presently

worked.
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Annex [

MATERIAL BALANCE TABLES—-NP PLANT

Amounts  in kg/h

PROCESS STREAM 2 3 3 5 6 7 8
DESCRIPTION ock phosphiHNO3 to HNG3 Wash Dissolving Sold
Eissfg ing dissolvino fo acid fsolqhon from
COMPONENTS vesse! vesse/ | centrifuge | return  lfo filter decanter
HNO3 261666 | 12340 | 10800,8 | 49337 14,1
H3 POy, 5480,2 | 191037 Jg5
H0 4153 | 19777.7 | £#226,7| {4977,0 | 3,808,1 108 %
NH4
Caz (POy) 2 21541
Ca HPOy .
NH;H2 PO/,
Fe PO, ]
Al POy : !
Ca { NO3 /2 135865 @ 56631.0 1754,
Ca (NO3 i H20
NHyNO3
Fe [NO3)3 894 | 342 06
Al (NO3)3 128 | 3929 X
CaF? 22L40 630 2198 07
Ca SiIFg 9.2 3418 0.8
Ca CO3 29653
Casio3 3250 1697 /59,7 |
R203 — Fe203 73,3
AbO3 67,1
Mg (NO3)2 134 w667 {2
H2SiFg 2121 7388 2/
NOx as NO» 4 14
Inert+ SiOp 16726 29,4 126/(,3 {1798
Coating agent
0il -agmine
Cooling water
__Brine E
Na2SiFg L 1523 | §355 306.5
Ca SO, 7023 D ap23 . [k/BG 86,4
Mg O3 (£9.3
Na2 SO¢ 3438
TOTAL 30539 4694k 3 | 2085667 461277 1212419 20873
22,5 35 15,3 34,2 18,2
Tempergture °C gnb ~ 35 o0 o nES ~ES
Pressure Kg/cm<a | :
Density kg /m3 (200 . /340 ~130 | 4350 | 550
pH | | ! ‘
% Wi PaCs 303 | | 381 |
%%l w/ Ca0 50.4, i (0.5 !
% (w) N=NO3 1037
% [ w)N NH3
Retie 220/ P0s ) molor 3,1
N/ _Ppaz or &/ ——




Amounts 1n kg/h

1/P20s A2 iy

PROCESS STEAM 9 10 1 17A 12 14 15
DESCRIPTION JDéssolving so-Dirty cool  {Dirty coul |Gases from \Dissolving |Croling Lissolving]
lution fo buffer) water 1o woter to |digestion10 |solution fo |water to lution to
COMPONENTS tank scrubber |scrubber | scrubber | pump cooler head vesse!
HNC3 45108 . = L 45196
H3PO, 190442 19 4 2
Hy0 346997 433 F48% 7
NH3
Ca3(POL)2
CaHPOL
NH{H> PO,
FePO,
Al PO,
Ca(NO3/)2 54548 L4546
Ca(NO3)- 4 H20
NH, NO3
FelNO7/3 E 210£ |
Al(NO3)2 391,86 298
CaFr 2159 2189
CaSiFb 44,0 J41,0
CaCo3
Ma(NO3) 2 4655 46571
R203-Fe203
Al202
Sify 248
H2SiF6 7387 736
NOx asNO2 /A 4308 /A
Inert +Si02 101, 045
Cogting agent
Qil-amine
Cooling water 60.000 | 60.000 ~ JEB.000
Brine |
Naz Si Fg 529 ; 529
CasSo¢ 17225 17225
o2 14034
TOTAL /(9456 | 60000 | 60.000 | 23683 | 119/5%.k | ~F68000 | 119/5 ¢
/N4 £ 34 X8 368 768,
Temperature °C -] g4 3 &5 &5 24 &7
Pressure kg/cmZa =
Density kg/ mig (550 2000 1080 1550 1000 ‘f 1550
oH ‘
% (W) P208 /16 .
% (W) Ca04 160 |
| % (WIN-NO3 0/ |
% (WIN-NH3 =
Ratia Ca 0/P20z  Ymolpr 347
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Amounts-in kglh
PROCESS STREAM 17 18 20 5 21 22
DESCRIFTION |Dissoing soiMother liquid Slurry arys+  HNOy |Wash acid | ML to  (Crystals
Iution from |from recyckejtals to | fo to intermediatel to CN melt
C OMPONENTS head vessel| pump centrifu ges | centrifuge i digestion| tank tank
HNO3 45196 5780 | 5187/ | 12340 0.800,8 38553 2885
H7PO, 19044 2 20881 | 28807 54842 | 16 /%7 2ié |
H20 26997 13960 1128218 82267 14970 7.937.8| 2075
NHy - i
Ca3{P0L)2 !
CaHPOL, '
NH,H2 PO,
| FeP04 !
Al PO
Ca(N03)2 S545%,6 1.640 FE40 13.5885 FE40 443
Ca(NO7)- 4 H20 8,3 777467 4486 JI437
NH{NO3
Fe(NO3)3 0.8 | LE4 297 894 264/ 25
Al{NO3 R 3918 A 4350,2 128 3330 A
CaF2 2189 32,7 251€ &3 /852 24
CasSiFs 744,0 57 792 982 0 24
Calhy
casSi0O3
R 20 3-Fex03
Al203
Mg(NO3J2 4655 696 535/ 1% 2959 J2
H2SiF6 7%,7 /A 848 2121 £264 4
NOx as NO2 /4 2l /6.1 4 274
Inert+Si02 o5 15,1 166 29/ &/ 1,1
Coating agent
0O/l-amine
Cooling water
Brine
Air
Na2 SiFg 529 24/ 6081 1223 4dd 4 59
Case, /3275 1%/ 15256 3823 11284 /4
#
TOTAL 19 /5% & | 709 [26204,6 | 20.568.7 | 461217 275 |58 wj
— 7.8 4,7 /5.2 34 2 27 23]
Temperature °C &5 -7 -7 ~35 ~f0 -7 -7
Pressure xg/cm?c
Density kg m3 1550 /500 1850 ~ 1340 | ~15R /500 /84
oM |
e W P05 0125‘
Yo (W )Cal
% (W |N=NO4
% (W )N-NH7
Ratig Ca0/P0¢ _
N /Ps0c
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Amounts <n kg/ h
PROCESS STREAM 23 26 27 28 37 32 3
DESCRIPTION Wash liquid |Mother liquid |AN solutron Process con—Mother liquid liquid INHy gas
to washliquidjfrom interme| from  |densate fom  to for NP [CN Vrapa {,.e ’f’r'—
CWPONENTL tank diale tank |CN-plant [CAN-piant |newralizer CAN-plant |9€ A
HNO3 31773 31773
H3POL 133456 /3346,6
H20 77205\ 7502 333 | 71205 47,3
NH3" 174357] 174357
Ca3(P04 )2
Ca HPO,
Fe PO4
Al PO%
g INO?) 2 56816 5883 8
Ca(NO3]-4LH>0
NHLNO? 127737
Fe (NO3)3 217,7 227
Al (NO3 )3 2748 2746
‘1 Ca F2 1535 (5,5
CaSiF6 239 239
Ca 03
Ca SI03
R203-Fe203
Al203
MgINO3)2 3263 %3
H2SiF6 I3 J/6.3
NOx as NO2 10 10
Inert + 502 /i 7/
Coating gGgent
Qil—amine
Cooiing water
Brine
Air
NazSifg 3768 708
Ca SO, 9303 9303
TOTAL #6127,7 | 33037,5 | 202767 | 3343 | A30375 | 17523 | 17437
22,/ 22/
Temperature °C -7 ~76
Pressure kgfcm2 @
Density kg /m3 1500 1500 o
pH —
Y (W) P20s 2493
Yo(W) Ca0 7,6
%% (Wl N-NO3 554
YaW)N -NH 3
Ratia Ca0/Po0g mola ~ 0,64
N PQO: moiar ~ 7,46




Amounts<n Kg/h

PROCESS STREAM 34 35 36 37 38 39 40
DESCRIFTION NI-? gas |NHzgas | brineto | brine to |brme from |brme to brne D
o to cdd bnne |refrigeration| rdrigeration | cristalizer | cooler
YCOMPONENT neutralizer &N{O%N vessel unit unit

HNO3

HyPOy, l

H20 g

NH3 41657 13270 i

Cay( PO,

CaHPO4L

NH{ Hp P,

Fe PO,

Al POy

Ca (NO3 )2

Ca(NQ3)-4H20

NHL, NO3

Fe (NO3)3

Al (NO3)3

Ca F2

CaSi Fg

CalO3

Ca Sio3

R203 — Fe2 03
Al2 03

SiFy

H2 SiF6

NOx as NO2
Inert + Sj 02
Codating agent
'C;I - Amine
(holng water

. 2rie

e
' W

!
¥ steom

TOTAL 41657 | 13270 -
m3/h 3395 3395 3295 3160 .
Temperagture C - 82 -83 -12 ~ 12
Prossure Kk g/cmza !
Density kg/m?2 | |
pH | } #
Yol w ) P05 ; i
%(w }Cal |

% (w ] N=NO3

% (w |N=NH3
Ratia La0/F0s
NP 05
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Amounts<in kg/h
j
PROCESS STREAM 41 42 43 INA 45 L6 47
~~_DESCRIPTION brine ine 1o brine from |Sl. Steam | NP solut | Vapor NP Soluton
from ot brine | brine pump| fo hot from from to
COMPONENT S cooler vessel brine wessel |neutrdizer |neulralizer |separator
HNO3
H3PQ,
H20 L0691 | 43704 | 140697
NH3 10
C@IPOLR 6319 12 631,89
Ca HPQ, 25468 51 2546,8
NHY, H2 PO 122613 2L5 122671.3
Fe PO4 1255 a3 125,5
Al PO, 157 03 157
Ca (NQ)2
Cal NO3 ) LH20
NH4 NO3 232308 | 141 23230,8 |
Fe (NO3)3
Al [NO3)3
CaF2 9.0,7 1,8 9407
Ca SiFg
Ca COy
Ca Si03
R2 03-Fe2 03
Al 03 _
[SIFL + HF 5
(NHL)2 SiF6 941 Q2 94,1
NOx as NO2 10
Ineri + Si02 272,8 05 2728
Coating ogent
Qil=Amine . -
Cooling water
brine
[NHL)2 HPO4, i 2792 05 279,2
Na2 SiF6 370, 0} 3701
Ca $04 285 78 9285
NHLMg POL 2015 0b 300
TOTAL - UHDE bajyance 562192 45739 1562193
Temperature °C —_
Pressure kg/cm<a i
Density kg/ m? | o
I’ |
AN S
"% %] 7205 |
% (w; Cal |
Yo (w | N=NO |
% (w | N=NH;3 ! '!
Ratig Ca 0/PCs
N/ Po0c
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'
Amounts—in kg/h
PROCESS STREAM 48 49 50 T a1 52 53 54
DESCRIPTION Vfa’gg’r go’gl};w v e;gférm{:gmg iigyfercot%ﬁng %coghg i 'rcr'aooling NR%;M
COMPONENT scparator | water | Jirect - |cordenser | mixing | o | PaTTTor
H NO3
H3 POy,
H2 0 213
NH3 138364
Cay POL)2 1,2 5307
Ca HPOL 9.1 25417
NHL Hp PO, 29 126797
Fe PO 03 1352
A PO, 03 156.7
CalNO3)?
CalNO3 ) LH20
NHLNOZ 41,0 23089 &
Fe (NO3)3
Al INO3)3 j
CaF> 16 9389
CaSiFg
Ca CO3
CasSiy
R203 = Fep3
Al203
Si Fy
H>Si Fg -
NOx as NO2 |
Inert *+ Sj 02 0,6 ! 304
Coating agent i L
Oil ~Amine
Cooling water 1266 000 206 000 1050000
bnne ‘
NHL F 17,4
Na2 Si Fg 07 3696
Ca SO, 1,8 928.7
NHLMG PO 4 05 3009
TOTAL kg/h 141326 | 1266.000 | 206 000 210 300 1060000 | 1074 200 4208667
m¥h 1266 206 2103 1060 10762 26,3
Temperature *C 175 3 3 LA S 34 v 43 175
Pressure kg/o¥ a 03 43
Density, kg /m? 0943 1000 1000 1000 1000 1000 1600
pH
%iw ) P05
%(w i 0
%lw I N-NO3 .
% w | N=NH3 |
Ratia  Ca0/R0s
N/>20s | | .
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Amounts-in kg /h
PROCESS STREAM 56 57 58 59 80 &1 62
[ SM-sfeam |NP-dus?t |[NP-melt CN-melt | [P-steamn | SM—sfeam | NF-melt
COMPONEN To NP melt | etk Ting |oril% N Diant \on mett 11 %ank [ Priiting
tank e Ka ran ! Ter [CAN plan Slgn: [T O pucket
HNQ
Ha PO,
Ho0 628 12,7 2257 3263 157 2257
NH3
} CaqiPOL b 36 6683 568.3
CaHPO, 151,4 2653 4 2693 .4
| NHL H2 POL %37 | 132934 13223,
Fe PO 8 143,2 43,2
Al PO, 93 156,0 _ 66,0
Ca (NOq)2
Ca (NO3 )-4LH20
NH 4 NO3 13152 | 2446540 244,65,0
Fe(NO3/3
Al IND2 )3
CaF2 53.9 9948 99,8
CaSifFg
Cacoj
CaSi 03
R203 ~Fe 503 |
AbO3 :
SiFy,
H> SiFg
NOx as NOo
Inert +S1 02 81 322, 4 32,1
Coating agent
Qil amine
Cooling water |
3rine ' |
Air
NapS1Fe 220 3944 3914
Ca50¢ 55,2 9619 98,98
NH Mo PO, — 128 2188 —— 23i8.6
TOTAL b28 2507 | 459,41 | 6592 | 3283 {57 $4594 1
8,2 25 28 58 1055 30 26
R
Temperature °C 197 45 175 178 {79 /15
Pressure kg/cm<a 15 5 10
D;nsir‘y , kg /mI TLE | o0 (670 1600 39 500 | 160D
2] ' ;
% {w ] P20s ; i
% (w ) Cc0 r I
% ‘w) N-NO, |
% [w,; M ‘NH'_?
Rate Lol Rl |
N Foce |
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Amounts~n Kg/h
PROCESS STREAM 63 64 55 66 67 68 69
DESCRIPTION :r'iruf;gxer NI: %dud NP product % “p%%zd NP %Zzliucf NP %oducf w% 35&5;
COMPONENTS catcher | Clevator B puckel | QU0 | lrew SLuE
HNO4
H7 PO, ‘
H20 2417
NH3
Ca3 (PO¢)2 526,6
Ca HPO, 25254 -
NHi H2 PO, 123985 ]
Fe PO, 1343
Al PO, (55,7
ca INO3)2
Ca(NO3) -4 H20
NH/NO3 229387
Fe INO3!3 1
Al INO2)3 j
CaFs 9328 }
CaSiFg |
Ca O3
Ca SiQ3
R203 - Feo203
Als D3
SiFy
H2SiFg
NOy as NO>
Iner: + Si 02 3020
Cocting agent
0i'- amine
Cooling water
8rine
Air 6+{25000/wh
NG, SiFg , s 3670
Ca SO, 920.7
NH¢ Mg PO, 2949
TOTAL TI0000Nm3/h | 4% 4 &3 43563 2080 46530 L1897 1648 §
Wb | 4381 20 455 L2 1,65
Temperature °C g5 L5 i 45 45 3
Pressure kg /cm<€a
Density kg [m3 000 1| 1000 | 4000 1000 | (000 | o
h‘pH ————
| % (w /] P20s
% (w/) Cal
% (w ] N=NO»
% {w/] N=NH7
ratia Ca0/P-0s
N/P20s
s
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'
Amaunts -in kg [h
FPROCESS STREAM 70 71 72 7L 75 76 77
L N e T T e e
COMPONEM cyclone seal screw ";':,',:% storage df-z m  |mix tank
HNO3
H3 POy,
H20 12,7 211,6 0
NH3
Ca3(POL ]2 . 38 6263
Ca HPO,, e 25239
NH 4 HaFOL L M3n 123925
Fe PO, 80 1362
Al POL a3 (556
Ca (NO3l2
Ca(NO3)- L H20
NH, NO3 13752 22927,6
Fe INO3)3
AlINO3)4 |
Cafo 559 |___9324
Ca SiFs &
CaCos
Ca-Si03
R>09-Fe203
Al203
SiFy
H> Si Fg
NO x as NO2
Inert « Si0> A 3049
Coating ogent L35 L7
Oil =amine & 8
Cooling water
Brine
Air
NazsiFg 224 3664
Caso, 53,2 9203
NH, MEPQL {719 2958
TOTAL 18 181 2507 436 | 42299 gk '/
0.078 4781 23 YA 0043 722 1
Temperatura °C 0 50 45 amb L5 55 (5%
Pressure kg jcm <a 5
Density kg m< (000 1000 | 400 1000 ) 311
AL iZ *
% (w ] P05 261
%iw) Cao g3
% (w] N=NO2 948
% (w | N=NH3 13,/2
Fatic CcO /PoCs 8,5
moiar N/ F>0g 5 (0.4 !
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Amnex II

LIST OF THE PEOPLE WITE WHOM TEE EXPERT HELD DISCUSSIONS

Ministry of Production, Govermment of Pakistan
A. Majid Mufti, Secretary
S. Habeeb Hussain, Additional Secretary

Mational PFertilizer Corporation of Pakistan
Riaz E. Bokhari, Chairman
Zahid Aziz, General Manager (Technical)
Abdul Manan, Manager (Project)

PAKARAB Fertilizers Company Lid., Multan
Zahur Ahmad Khan, Managing Director
Mchel Shafi, General Manager (Manufacturing)
M. Nasir Butt, General Manager, Technical and Planning
Abdul Ghafoor, Production Mamager
Mahmood Akhgar, Assistant Productiorn Manager
M.S. Chjghtai, Unit Manager, NP plant
Manzoor Ahmad, ASsistant Unit Manager, NP plant
M.M. Saeed Bjutta, Unit Manager, CN/CAN plant
S. Mansoor Alvi, Assistant Unit Manager, CN/CAN plant
Zaheer Pervez, Senior Process Engineer, CN/CAN plant
Altaf Jafri, Processing Engineer, NP unit
Abid Hussain, Processing Engineer, NP unit
M.A. Baig, Chief of Laboratory
Wagar Ahmad, Senior Manager
S.A..Mehdi, Chief Accountant

Stamicarbon Company, Holland
Jei. von der Kuyl
L. Weber

National PFertilizer Development Centre
D. Koole, Project Manager
T. Saleem, Deputy Chief

United Nations Development Programme
M.J. Priestley, Resident Representative

M.K. Bussein, SIDFA







