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Fertilizer Production in Pakistan:

Present Problems and Future Plans

Travis P, Hignett and Leonard W. Gopp : ;éké;ﬁtﬁ?

Tennessee Valley Authority

August 1974

Foreword

This report presents information collected by the authors during
a fhgié-week visit to Pakistan in June 1974 and recommendations resulting
from this study. The authors were employed by the Tennessee Valley
Authority (TVA) and were assigned to thia work at the request of the U.S,
Agency for International Development (USAID)} to assist the Covernment of
Pakistan (GOP} and its agency, the Naticnal Fertilizer Corporation (NFC{,
to identify problems limiting fertilizer production fu Pakintan, suggest
means for increasing production, and asuist with long#y-rarge planning
of additional fertilizer facilities, capecially phouphate facilittesn,
Special attention was paid to indigenous phesphate depontitu $n the Vazara
District of the Northwest Frontier Province because of the profound
effect this material could have on plans for phoaphate fertflfzer produce=
tion.

At the request of USAID and NFC, the team's main efforts were
directed toward short-term improvements in production capabiltiten of
the present NFC plants, Suggestions for 10ugar#{nrm planning and for
future production facilitics ave outlined to help defing the mcope of wark

for a recommended study by a subsequant team,
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- The authnrs wiah to express thaeir thanka for the cqoperation of
'311 of the paople who helped provide information for thia report, It was

not poaaibla to record the names of-all-who;participnted, but a partial

1iet 1s appended to the repoxt,

We were impressed by the enthusiasm and competence ~7 most of

T T

the penﬁle we talked with, and with their progressive attitude. We believe

these qualities foretell a bright future for Pakistan.

Summary of Recommendations

| 1. Improved procurement of sulfur is needed to insure maximuam '
‘ utilization of the superphosphate facilities at Jaranwala and Lyallapur, |
It is recommended that NIC appoint a procurement officer to be responsible :
for a continuous, adequate supply of sulfur and other materials by direct
negotiations with euppliers and by suheduling and expediting shipments.

2. Cranulation of superphosphate ils recommended to improve ite
quality, The granular superphosphate should be conditioned to prevent
deterioration of bags, and the free acid content should be controlled,
Technical information on granulation has been supplied to WFC,

e e e bt Sl i e
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3. Excess ammonla that 13 avalladble from Dawood.Jlercules could
be utiliszed by transporting it to Multan for processing into urea and
assoniun nitrate~limestons (ANL), Also, considexation should be given to
developing & market for smmonis or squa emseonia for divect cpplication te
the soil or in frrigation water,
&, A specialist in mmonis prMuction technology should be
enployed to vecownend means for Increasiag uﬁo output of the Maltan plant,
5, Develosment and utilisation of the Hasara plosphate vock deposits
showid be accalorated. fiteps that should be taken tnclude;
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“‘a. Long-term leases or. \coritracts should be negotiated
to accelerata davelopmnnt of proven resexves,

T et i

. b, Exploration of 311 prorising daposits ahould ba
. ~ intensified. -

¢, Mining of the most accessible deporits should start
immediately to supply at least part of Pakistan's
present needs. Techniquas for utilizing the Hazars
rock for superphosphate should be developed.

d. The fessibility of beneficiating the lower grade
phosphate ore should be determined.

e, Consultation or participation of mining experts or
companies should be sought for long-term, large~
scale operations. Individuals or companies wich
experience in the United Stat-s western phoephate
fields should be well qualified.

6. A complate independent study ahould be mads to formulate a
recommended long-range program for expansion of fertiiizer production,
distribution, marketing, and use in Pakistan. TVA, as w2ll as other

orgonisationo, could be considered to make the study,

K¥C Plant Facilities
The nevly orgenisnd Mational Fertiliser Corporatiom was formed to take

charge of 211 public sector fertiliser production facilities, These include the
Pak-Aseric.s plast at Deud Ehel, the Hatural Cas Fertiliser Factory at Multanm,
und the Lyallpur Chenicals and Fertiliserc Ltd, with plasts sy Jarsowala and
Eyallpur, Alse KFC will contvel the preposed phosphate plant of the Pakistan
Fertiliser Corpevation (FFC). This plast (oviginally Jaffer Bros,) vas planned
for o Eavschi location, V.t say nov be shifted to Havipur to witlise indigencus
phosphates, The Serhe/, Developsent Aviberity (SDA) kas been formed as & jolnmt
venture of the Northwest Frontier Proviace (WWFF) with K70 1o produce phoapherie
sctd (80,000 t2 90,000 tons of r,o,mm. Mast of this seld veuld be supplisd
% the preposed adjecen! FIC plant 1o preduce sosasmmoniun phesphate oF ethey
phosphutic fertiltonre, The yemainder would be weed by 554 1o wabe Eriple
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superphosphate (TSP) ‘or other phosphatic fertilizers, There are plans for
conan'ﬁqtion of a small _‘ttrea-a_tumqﬁig plaut b} the ;Peoplea Republic >f China

in r.‘ﬁa -Ha'iara D:I.atr:l.dt which c'ouid ba a aour&; :'of 't.mnmonia énd/or urea for

use 1in the PFC plant.' 2lso SDA has roquested that the Ammopac plant now

P = s L
L il ik 3 m
R P SN O

at Hﬂtau be tlrazlu_!errad to SDA to 'Qufply ammon:!.ai for armocium phospaate
production. . ; | |

A Multan fcrt:l/.has- Expansion Project:s haa been approved which / &7
will include a 910_' 7mn1a plant with facilities for producing 1020 gpd’
of n:;tzphmhm (22,5-22,5-0), 150 L4d7Jof ANL or CAN (26% ¥) and about

»
220 of area. " The expanded plant will be operated by a naw company,

Pakaradb Fertilizers Ltd. (PFL) under the direction of NFC.

Interviews and Visjts
The principal interviews and viasits made by the TVA team are listed |

chronologically:
1) Interviews wich m‘m twemical Consultants in Lahore,
2) Meeting with Dawood-lercules perscnnel in Lahore (regarding utilization

of éxcess ammonia availabla from the I? plunt for either divect application or
for treatment of single superphosphate ro {mpruve itc physical properties). '

3) Inspection of Jarsowala and Lyallpur superphosphate plants and dis-
cusslon nf problems with staff,

4) An toformal ceminar ip whieh the team preseated currveat and projectad
vorld sarket conditions and economice of fertilizer rev materials and products
(matnly by slides) to a grovp of 30-40 NFC and other personncl at Laherve,

The presentation vas felloved By 3 lively discussion,
# AL Tomscps Cianres o this separt are metrie tons,
Pirer detcils, see Beport Mo, 373-PAK “Pukistze: Appraioal of Multes

Fertiliser Bapanstion Project™ April 3, (974, & docwsant of the International
Bask for Reconstruetion and Development, Ianternational Developueat Asecclatios,
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5)_Iﬁs§eéfi6n of‘?ﬁa Pﬁkrﬁmnrican plant and gypsum mine at Daud ?
Bhel and discussion of plans and problems. -
6) Iﬁtervigﬁ'with-Snrhad Davelﬁpmant Authority (SDA) personnel
at feshaﬁar concerning phosphate deposits,
7) Inspection of proposed SDA plant sites near Haripur and one
of the phosphate mine sites near Abbottabad (Kakul) and discussiorn at
Abbottabad with representatives of NFC, Pakistan Mining and Minerals

Company and others.

9) Review of results of the team's study with Babar Ali nnd other

NFC staff.
V" Interview vith Dawood-Heriules
The recently completed Dawood-Hercules plant near Lahore is
L “nerating at full capacity (about 600 of ammonia and 1,000 of urea).

However, the ammonia plant has excess capacity estimated at 3,000 to
5,000 zoas/year which canno: be utilized at the plant because the urea

|
|
|
|
I
|
|
I
I
I
8) Various consultations with AID staff,
|
|
plent does not have equivalen” excess capacity. The interview with D-N

‘ personnel was for the purpose of exploring the possibility of utilizing
this ssmonia for direct spplication to the soil or in frrigation water,
To minimine capital invosthent, it was suggested that the ssmonia be
converted to a mospressure solution, either .qus asmonia (20X ¥) or
urea~ammonia soluties (30-33% ¥),

it was polnted out that sssonls rosts much lass than urea
per walt of nitvogen, so 1te wtllisation should be cconomically attractive
and has proven so ta seversl countvles (U.5,, Mentco, and Demmark, for

instonce), Iajection of aahpdreus or aqua ssmenia in frrigetion weter

fertilioer wee 1o on fevigated land, this methed night be the sost ecavenisal,

|
|
|
18 & vethod veed ia California and Mesice, Bisce wost of Pakistan's
|
|
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{i In ,the_Upi;te& States, the average price paid by farmers in

e e A T N

é' 1970 for various nitrogen fertiiizerg_wgq: L R 9
g Anhydrous ammonia i hEeE0,10
? Urea, .| 0,20
Ammorium nitrate ] 0.20
Urea-ammonium nitrate solution 0,19
Ammonium sulfate 0.28

The prices given above do not include application cost; for
custom application a typical charge is §1.75/acre for anhydrous ammonia
end $0,75/acre for solid fertilizers, This is equivalent to $0,026 /kg
of N for amnonia and $0.006 for solid nitrogen materials assuming an
application rate of 100 1bs. of N/acra. It is recognized that these
figures are not applicable to Pakistan; methods of distribution and

application that would be bect suited to Pakistan conditions would need k |
to te dlv.lopgd (4['-’ /{S Oaﬂ unln ?M«u 5,,.- ,\.,m.}__ dua ¢
Aaﬁ-“l-c.

Dnuood-uarcuics personnel were not enthusisstic sbout the projact

because of capital and developzent expensed. However, they were willing

to undevtake it if fipanscial and Zechnics: Sesistance wvere available from
TVA, USAID, or other sources. They roquested that ve send them inforsation
sbout preparation of the solutions, wethods, and equipment for transport

&ad application, snd agronomls resulte.
In eontrast to the unenthusiastic attitude of Davoold-Hercules

personnel, several members of the NFC staff expressed a keen interest in

wromoting liquid nitregen wea (in subsequent intervievs,)
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Natural Gas Fertilizer Factory (Multan)

Mr. Hafizulla, General Manager

Fertilizer products made at Multan are ammonium nitrate-limestone
(ANL-261.ﬁ) and cryétalline urea. ANL.ia produced by the St. Gobain
process: Ammonium pitrate solution 1s sprayed from a spray pipe on a
rolling bed in a drum granulator. Recycled product and ground limestone enter
the feed end. There 18 no retaining ring at the discharge end, The
spray pipe extends most of the length of the granulator. From the gran-
ulator, the product goes to a drier. After drying, the product is
screened; fines and crushed oversize are recycled and product size is
cooled and conditioned with kieselguhr. The product quality seemed very
good,

Urea is produced by the Inventa process. The product is
crystalliized, centrifuged, and dried. The urea is quite small in particle
size and caking is a problem. The crystals are bagged in cotton bags.

A prilling tower is under construction, -

The capacities of the ANL and urea plants ars 300 and 220 tons/
day, respectively, This is somewhaty above the rated capacity, especially
for the urea plant, However, the ammonia supply is insufficient to
operate these plants at capacity,

The original ammonia plant, built in 1962, wae supplied by
Grand Paroisse (French) and uses the Casale process., The rated capnc!ty
vas 200 ‘:ulldly. but the achtal present capacity is about 150 tannlday.

The reduced capacity 1s due to two factors: (1) Cooling of the gas
leaving the assonis synthesis unit fe inadequate, with the result that

amsonia cordensation {s inefficient, and the gas recycled to the
syntheais unit contatins 5% ammonia, This decreases converaion efficlency.
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(2) The plant was designed to opérate at 600 kg/cmz (about 8,500 lbalinz)
but dué to excessive maintenance at that pressure, it is operated at

500 kg/cm2 (about 7,000 1b/in2). There were still some compressor
problems at that pressure, but they were not considered excessive.

To make up the deficit in ammonia supply, an Ammopac unit was
installed by Girdler in 1968, rated at 60 ﬁ;i;/day of ammonia. This
vnit has not operated satisfactorily; it precduces only about 40 ;gﬁé7hay
when‘it runs, and is often shut down for compresscr.mainZenance. There
were originally two compregsor units; Girdler supplied a third for use
as a spare. The compressors are driven by internal combusticn gas
engines. Compressors and gas engines werc supplied by Thomasson (Dutch).
At NFC offices, we were told that the gas engines did not operate sat-.
isfactorily; however, the plant manager at Multan indicated that the main
trouble was with the comprescrao. During our visit, K two compressors
were down for repairs and the third was idle. It appeared that the current
practice was to keep two of the compressors in operating condition and
the {dle compreasor was not in operable condition.

The plans are to scrap the older plant when the new (910 g;ia/duy)
ammonia plant in bullt, The Ammopac plant widl elther be avrapped or
tranaferred to the Sarhad Developsent Authority for une in the proposed
phoaphate plant near Harfpur to supply emnonla 1or anconfun phosphate,
The new plant {o mcheduled for completion in Ll;';m yeara but because of
shortage of conatiucticen matertals and fabricatton factilitien, the
prhedule may not be met, fo any erpenditures on the old plant would have

1
to Ve asorttcred in theee to [t yeare. ‘ilnce Fablotan lo tow loporting
¥

; §
ures sf some 5330 /ton and ammenla can be made ot low coat with 50,307 .- i
y

gan, auy neat term Incressa in production would be very smurh wortlavhile,



1f ammo?ia production could be increased to mateh the capacity of the.
downstream plants, the additional production of nitrogen fertilizers

would be worth $8 to $14 million/year at current import prices. The

rated capacity of the urea and ANL units is equivalent to about 56,000
éﬁé; of N/year, whereas actual production has ranged from 43,600 in
1969-70 to 24,000 in 1972-73. [f the shortfall is mada up by importing
urea at $300/ton ($655/ton af N) the annual cost will be $8 to 514 million.

The new plant ié designed to produce 1,020 égg:/day of prilled
nitrophosphate, 22.5-22.5-0 with 80% of the P205 wvater soluble. The
nitrophosphate process will be supplied by Stamicarbon. It will also
produce 1,500 ézi;/day of granular ANL (267 N), partly as a byproduct
of the nitrophosphate process, and partly by direct neutralization of
nitric actd. ‘fwo 600 éﬁi/dny nitric acid plants will be built and the
present 200 ézén/dny unit wiil be revafned. Coacentration of the acid
will be 572-60% HNO‘. Fellogy and Uhde are the contractora.

The prensent ANL and urea unttu will be retafned. As mentfioned
previoualy, the urea will be prilled. We nuked why they planned to
wake ANL {nntead of strafght amsontus nftrate. We were told that there
Were plann to make prilled strafpght susontum nltrate, However, auch

plans are not wentfoned in the I8 report,
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Pak-Ameri :an Fertilizer Ltd.
Mr. Sherwanl, General Manager

. The Pak-American plant at Daud Khel near Mianwali on the
Tndus river is the first fertilizer plaat built in Pakistan. It was
built in 1957-58 by Union Chemique Belge.

The original plant utilized coal from a nearby mine as ammonia
feedstock. The coal gasification process utilized luap coal which was
gasified by a mixture of steam and oxygen in Lurgi-typs gasifiers. The
ccal vas low grade, containing up to 30% ash and up to 6% S. When natural
gas became available, the plant was converted to use of gas, using a partial
oxidation process. Later, a second unit vas added to produce syntlesis
gas by steam reforming of natural gas. The gas from the two units, after
CO shift conversion, goes into a common train for further purificatior and
amuonia synthesis, The total ammonia production capacity is about 80
Gaﬁilday.

Primary CO2 removal from the synthesis gas 1s by scrubbing with
aqua ammonia, prcducing ammenium carbonate solution, which fu used to
make ammoaium sulfate by reaction with gypsum. The reaction 1 carried
out with an excess of ammonin which 1s Jater neutralized with sulfurice
acld. The ammonium sulfete solutfon fa separated {rom byproduct calcium
carbonate with rotary drun f{lters. 7The solutfon {n evaporated and
cryatallized and tha cryatals are recovered by centrifupging.  The
cryatals are dried and packaged in cotton bugs. The cryntuln were of a
block sbape and falrly large, but not as large an that sold in the United
ftatea for direct applizatton or bulk blendfog. The hy{;rudnr(, calcium
carbonate, war slurried and dlepoaed of In a pond. Sum? of 1t wan

utiltred by & nearby cement factory.
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. The plant was said to be operiiting above design capacity, which
nzié “ .
t of ammonium sulfate per—year, However, reccrdz

fL

showed that annual production in rzcent years was about 60,000 g:ﬁﬁi The

‘would be about 100,000

shortfall was partly accounted for by diversion of some of the amronia to

refrigeration and national Adefense uses.

eisted of gypsum with a frw veins of doiomite. The ons hill was said to
contain 35 million‘ﬁzﬁs of gypsum. Below the gypsum was anhydrite.
Mining was evidently quite inexpensive,

The fertilizer plan? was well built and maintained. Excellent
skop maintenance facilities were available. Ti.ere was a 20 tons/day
sulfuric acid plant and » larger one was planned for production of wuper-
pPhosphate. In view of the high cost of sulfur ($120/ton &t Karachi plus
rail frieght), the manager proposed to recover most of the excess ammonia
from the ammonfum sulfate solution after calcium carbonate separation by
thermal decomposition rather than neutralfzing 1t with sulfuric acid.
Equipment for this modification weuld be constructed in the shops at
Daud Khel.

Laboratory tests were in progress of the use of Hazura rock
(322 P205) for mingle nuperphosphate. We did not have an opportunity to
talk to the¢ men who dtd the work. The manager told us that when the
required amount of Julfurfc acid was mixed with the rock, the mixture
wag flutd for a=z hour or twn, (In normal circumstancen, the mixture
should solidify fn about 2 minuten.) Lettor rewults were obtalned by
adding the actd {n Incrementn, The best concentration of sulfurlc actd
was said to be 66X ”2504‘ The higheat water-poluble P?05 content in the
product was 17.%%, Free actd content was quity high, It appeared that

no atteupt was made ty simulate deaning and curing conditionn by conserving
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hea; cr rgaction or by preventing loss of moisture during curing. TVA's
procedure for laboratcry-scale tests df superphosphate production has
been seﬂf to Mr. Barber Ali.

The company carried out some other enterprises in addition to
fertilizer manufacture. One of these was peniciilin pruoduction; we
were given a tour of the panicillia plant.

Lyallpur Fertilizers & Chemicals Ltd.
Mr. Syed 3hahabuddin Almi 4, General Manager

The company has two superphosphate plants located at Lyallpur
and Jaranwala, about 20 miles apart, The first plant was built at
Lyallpur. This location was rot considered suitable for expansion
because of limited space avd a local tax situation, so the second plant
was t 111t at Jaranwala.

The Jaranwala plant has a Moritz-Standaert den; the capacity is
240 ézzt/day on a 24-hour basis. At present, the sulfuric acid production
capaclty 1a 50 ﬁ6ﬁb/day which limits annual superphosphatc capacity to
32,000 tonu. A sccond sulfuric acid plant was under construction which
would double the caprcity. (Pakistan is capable of cer tructing ite own
sulfuric acid plants,) Tue Lyallpur plant has a 20 éznh/dny sulfuric acid
plant and a small Moritz~-Standnert den; the annual superphosphate capacity
1s 10,009 tons. Both plants were shut down for lack of sulfur and had
been out of sulfur for 24 months 4n one plant sand 4 months in the other.
(Some other poverrpiat agency wan resporsille for procurcement of {mported
materinlia.)

A substantial quantity of Jordas phosphate rock wan on hand at
both plants. ft was atored fn the open, plled on the ground on efther

side of the railroad spur. The rock is quite fine, pand {t was rvident that
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the wind had blown sore of it to adjscent areas. digh winds and dust

stoims are not uncoumon. Possibly there may be considerable loss by
wind and other scattering. A shed with brick walls was under constructioﬁ?
for covered storage of at.least part of the roclt. The manager said thie
was to »zep it dry; during wet weather the moisture content of the roci.
was up to 3% which wade grinding difficult.

There was a large, concrete superphosphate storage buildingA 
at Jranwala. The superphosphate removed from the den by a short conv?yor
beli, then to storage curing b: payloader. When cured, the superphosphate
was moved to a disintegrating mill by payloader then to a hopoer and |
bagging machine. There was not much superyhosphate in storege; it appeared
to be quite dry #nd friable. I: was said to contain 192 to 20X water
soluble P205.

Cther than lack of sulfur, the principal problem seemed to be
bag rot (cotton bags). Woven polypropylene bags had peen considered
but rejected because of high cost {they would have to be imported).
Plastic film liners had been tried -nd were effective as long as ail
bags in a shipment were intact. Whin one bag bursts, adjacent bags are
weakened by attack of thc crceton exterior bags. The present solutioﬁ
was to spray the cotton bags with 107 sodium carbonate solution. This
caused the bags to shrink so larger bags were necessary.

It was rccognized that the cause of bag rot was {ree acid in
the superphesphate, (probably gaseous fluorine compounds generated by
the free wcid). The staff was r2luctant to consider neutralization of
free acid by ammoniation or addition of ground limestore or dolomite
because it would lower the water-soluble PZOS content. The product is

sold on the bawvis of its water soluble P205.



- 14 -

The bag rot problem was discussed with a superphosphate manufac-
turérﬂin the Netherlands. It was their experience'that bag rot (jute bags)

u vas minimized by keeping the ratio of moisture to free acid above 2. Typical
. analysis of granular product to storage was 6.0% moisture (weight loss

after drying 3 hours at 100°C) was 1.2% free acidszos. The company had

- no experience with cotton bags.

Granulation wes discussed; space was available in the ﬁanufacturing
- building for a granulation unit. After granulation, coating the granules
with about 2% of ground limestcne or dolomite probably would be sufficient

to control bag rot with minimum loss of water sulubility. It is likely

that granuiation will be needed to improve *he physical properties of

the product; since nearly all other fertilizers soon will be granular, the
farmers may not accept powdery materials much longer. The staff seemed to

be in favor of granulation, and requested information on this subject,

which has been supplied.

It has been noted that when Jordan rock was uéed, the'superphoapﬁate
mixer blades corroded‘rapidly and had to be replaced frequently, probébly
due to the chloride content of this rock.

Some of the staff stated that gypsum was needed on Pakistan soils |
co correct problems of salinity or alkalinity, and therefore suéerphosphafe
was preferable to more concentrated fertiliéers that di¢ not contain calcium
‘sulfate. In discussing this problem. later with AID personnel, it was stated
that there were salinity problems with only 10%-20% of cultivated soils, and
that the quantity of gypsum in the usual application of superphosphate would
‘not do ﬁuch good. | |

Various figures were giveh for tbe’cost of'phoaphate rocﬁ. At

.NFC we were told that Jordan rock was $35 té $37/ton C&F Karachi; Moroccan
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rock was $50-$52. Elsewhere tliere was mention of a price increase to
$50 for Jordan rock (32% P205). The IBRD report {April 1974) gives the
cost of Jordan rock as $40 at Karachi and $46 delivered at Multan.

A plant test of the use of Hazara rock had been carried out at
Lyallpur with disappointing results (14%-15% water soluble p 2% ). The
low grade of the rock (28% P 5) and 1ts low reactivity were probably

causes,

'quigggpus Phosphate Rock

This section of the report deals with information collected
by the team 'rom reports, interviews, and field trips. Appendix 11
gives the results of characterization studies of phosphate rock samcples
received by TVA after the team's visit.

A report* dated June 1973 by Chemical Consultants Ltd. (ccL)
glves detailed information about the geology and character of the Hazara
District phosphate deposits. Some 15 phosphate occurrences have been
noted in the Northwest Frontier Province, but only(%)or(3)hnve been
studied in any detail as far as we know. Prospecting and experiuental
mining have been concentrated on two areas; the Kakul-Mirpur area about
5 miles from Abbottabad, and the Lagerban area about 25 miles north of

Abbottabad. The CCL report summarizes reserves (in millions of tons) as

follows:
Proven Probable Potential
Lagerban 2,5 2.0
Mirpur Kakul 1.4 0.6
Other Abbottabad area - - - - 12.0
Tarbela o= find 3,0
Tota). 3.9 2,6 17.0

*Extract from report entitled “Production cf Phosphatic Fertilizers in the
N.W.F.P.", Chemical Consultants (Pakistan) Ltd., June 1973



Of the proven reserves, the CCL report classifies 1.7 million tons
a8 high grade, averaging 30X P,04 and easily upgradable to 32X-34% Py04.
1‘& greater part of the reserves contain silica as the major impurity, but
i thhhﬂ.lm.. dolomite was said to be the wajor impurity, However, lump
 memples picked up by the team at the mine near Kakul contained some siliceous
impurity but no dolomite. Also, a composite sasple frow seven piti im the
Kakul hill area was found to contain silica as the major impurity. e

beneficiation tests vere reported, but one report states that the siliecle
types can be readily beneficiated by a simple process. The report
estimates mining costs at Lagerban or Mirpur-Kakul at 150 yupees/ton
(about §15), including transportation to a plant eite mear Tarbala,
Detailed chemical analyses of high and low grade reck shoy no unusual
fspuritise.,

o A later {undated) document®, probably fssued some time in the
spring of 1974, states \aat “already veserves of sbout 10 million tons
(nainly high grade) have been proven and probable reserves appear to be
such greater.” The lower grade rock wes sald to be “sasily upgraded by
& simple gravity separation.”

Frospective contracters were told to base thelr design on a
phosphate rock cost of 300 rupeca/ten (about $30) delivered to the plest
site and on the following analyses:

‘. *Tender Bpecifications! Fhosphate Fertiliser Plast 1s W,V V. P, (lssued
l by EDA, prepared by CCL)

e




Migher Crede

7405 1.1 32,0 .5
3.4 3.3 6

50, 1.2 8.7 11
oo} 0“2 45 00
52.0 45.5 50.8

g0 2.0 1.6 1.3
ALO. 0.9 0.5 0.8
n’o} 1.5 2.9 1.5
‘dl .3 8.5 .3
Ky 0.3 0.15 0.3
5 0.2 0.15 0.2
0.0 0.02 0.02

Asather Jeport by C, R, Melssner of the U.5, Geologlecal Susvey*
(narked vecelved 2/9/66), descrides vesults of & survey in an aves
between Eohat 4ad Atteck, Occurvesces of phosphate rock contained 5% to
15% !’0,. The report vecommeands further esplovation which apporeatly
vas not dons,

Oweership and contrel of the phosphate deposits appear te be
quite conplex, Appareatly nineral rights are vested in the proviscial
goversment ONTP 1a this case). However, miseral deposite that ave wvital
to the comtyy can be sationalised. 1IFf the vock s unined, property oweers
wust be compensated for the value of thelr land, WP through EDA bhas
given shert~temm leases o several tracts te private secter evgsnlsations
for explovation purposes, Of these, United Minerals (Lagerban arna) and
Pakistan Mining Ofirpur-Eabul sved) sppear te have been the mest sctive,
Ho leasss permitting commercial nining are known to have been glves,

SDA effictals told we that sone % nillion tens of prevesn reserves
had been veported 1n the Lagerban avea by a United Miceral geelogist, The
veport vas verbal and ne hard data vas avallable 1o suppert the clain,

*Techuical Lotter tie Rock (n the Nisampur Area of the Fals
Chiveas Bille,® €, B, Melssnsy
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It 1s nthﬂ% vhettar core duilling had been done or vhat the basis
for the estimat? may have been, The Lagerban area s at present unsccessible
to vehicular approach,
1t seems likely that sevecyl orgunizations are compating to gain
contracts or leases, and may vegerd their information as confidenticzl, The
private mining orgsnisetions syparently sre conducting explovatory mining
wvith their own funde., HNaturally they camnot afford large cxpenditures
vhea there 14 no assurance that they will receive contracts or leases for
comsavcial mining, Alse, 1f they are given permisaion to mine the vock, it
sppeavs that their only sustomers would ba govermment corporatioms, the NFC
plants or the proposed SDA plant jointly owned by WAFP acd NFC,
The toax visited the Eakul micing area accompanied by yepreseata-
tives of EFC and Pakistan Mining & Minsvals Corporation. Exploratery
mining wis procecding at seven locations on Eakyl Hill (elevation 1s about
4,900 fr,), The site visited was designated as the No, ) mine, Figure 1
15 & photogreph of the mining site that was vieited, BSome substantial
ssount of ore had been nined and stacked wpon & ladge (perhaps 50 tens),
At present, the oaly weans of transporting the ore is by donkey. A dry
weathar jeep voad has been cut to the base of the hill, Another road is
planced for truck acceas, but a bridge would be required; the short-ters
lease doss not seem to Justify this expense, A core drilling rig had. L
been “rought in but not ses wp, b2 )
Based on the tean's very limited cbeervation, 1t would seem that
only & small percentage of the ore fa this ares (ould be mined by primitive,
surface mining nethods, .."""" this small percentage night be a sub~
stantial quantity, perhaps in the ordey of 100,000 tons, This L8 & very
vough guess, and 1t should bp noted that nelther of the tean nesbers have
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mining experience. However, it seems ovident that underground mining
will be necessary to sxtract the ore beyond that available by surface
mining,

The OCL report mentions several other occurrences {n larara
including & 50-foot thick phosphorite zone near Tarbels, but ao furthey

information was svatlable,

Yerttltrer Froduction end Consumption Yetimates

Fresent and planned featiltrer vanufacturtng facilities and
thetr vated (or proposed) capacities are nureattzed tn (able 1. Of
the r2 tev o1 eajandad fad litten, nly two have Leenn o onfrated for
#ad thire fe sore of lezs doubl about the other four, thte nituation
Babes forerants of productics dtffdcule. N wever, fotecanta of pro-
duction bave been made and ~cepared with estfzated desmand fn table 11,
The production forecaats are based on the assunpltionns atated bLelow the
table.

Theve assumptions include scae {ncreane in production from
present facilitien, completion of the new Multan plant and the Jaranwala
expanafon on achedule, and a deciaton to butld the Faul!l armonia-uree
plant and the Sarhad/PFC phosphate complex with achedulen indicated n
table Il. COther propomed projscts are not fucluded becaune plane scemed vague,

It will be noted that the euttrated production of beth nitrogen

Fan |
&nd phosphate tmttl!tm‘u‘qfa substantially lesn than forecanst demand,
Indicating a need for contfnued subntantial fmportes {f connumpt fon

eotimateos are correct,
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Table 1

Summary of Present and Planned Fertilizer
Production Yacilitieas {n Pakistan

Rated Capacity

Location tons of nutrfent/year
Company Present Plants Product N P90, Date on stream
N¥C Daud Fhel Ammonfum Sulfate 20,000% 1958
N¥C Multan ANL 26,000 1962
ures 30,000
nYC Lyallpur & s5P 6,700 1957
Jaranwala
DPawvood Lahore urea 135,000 1972
Hercules
Esso Daharki urea 78,000 1968

Plants Froposed or Under Conatruction, Includ{g;_ggggﬁ!&ggg

NTC Lyallyue & 5Sp 5,800° 1975
Jaranvala
NTC Multan Nitrophosphate 70,000d 70,000 1977-78
ANL IJB.OOOd
urea 37,000
NFC Daud Khel ssp Indefinite
Fauji urea 240,000 Indafinite
Sarhad Hazara TSP/MAP 90,000 Indefinite
-Chinesa Hazara - urea © 33,000 Indefinite

‘Diveraion of ammonia to refrigeration and defense unes limits ammonium sulfate
production to levels below capacity

Present capacity based on avatlable sulfuric acid capacity

Additional capacity equivalent to increased nulfuric acid capacity

Total capacity after expansion
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Table II

Paat and Forecast Consumption of Production
Of Pertiitrzera in West Pakistan
(Thousands of Metric Tons of Nutrient)

..““-"——-u--‘-’"-h--—-—- o e o R LR o s o o o S A - P 0 W A GO BN W ST P W A S G T S ”'-’K on”_

Year® Consumption Production Deficit Consuwmption gﬁoauctlon Deficit Consumption

196¢ 69 417 22 1.2 1.4 0.0 -
1967 103 52 56 3.9 0.7 3.2 C.14
1968 177 50 127 12.8 2.9 9.9 0.21
1969 203 19 124 38.6 2,5 36.1 2,50
1970 253 129 124 33.8 4.0 29.8 1.34
1971 2n2 130 142 30.5 hot 26.0 1.22
1972 344 215 129 37.2 5.0 32.2 0.74
1973 386 254 132 48,7 5.0 40.7 0.50
1974 430 281 149 60 6 H4 10
1973 475 290 18% 13 5 64 : 15
1976 530 292 238 90 12 78 - 20
1977 590 346 244 108 38 70 25
1978 650 551 99 130 70 60 30
1979 120 674 42 155 103 52 35
1980 790 697 93 185 127 48 40
1981 875 697 178 220 156 64 45

aYoar ending June 30 of indicated year - Data for 1973 are preliminary - Forecasts
are for 1974 and following years.

sumptions: Fsso and Dawood-Hercules will operate at 100X annunl capacity.

aud Khel ammonium sulfate plant will be brought up to 95% capacity by 1976,
Present Mukran facilitiea will contribute 43,000 tons of N/year through 1976.
New Multan facil{ties will start onstrean late in 1977 and will operate at 90%
capacity in 1979 and thereafter. The proposed Fauji Foundation ammonia~urea
plant (or siwmilar plant) will start operating in 1978 and reach 90% capacity
in 1980. The Lyallpur/Jaranwala superphosphate plants will operate at 90X
.ecapacity, and tho expansion will be completed in 1975 and fully effective ini;
1976. The proposed SDA/ZFC complex will start late “n 1977 and reach 903
capacity in 1981. Other proposed plante are not considered.



Observations: Distribution and Marketing

The primary objective of the team was to identify problems
limiting fertilizer production in Pakistan, suggesting means for increasing
production, and assfst with lnngerfrangc planning of additf{onal fertilizer
facilities., Thie objective ]q}d to a limited exposure in the arecas of
distribution and marketing. Time was the Hmiting factor und precluded
an in-depth study in distributfon and market ing,

Host of the Information was gathered from available reports
and limited personal dlscussion with personnel in the areas of distribution
and market{ng.

The primary sources of publisiied information came from the
following:

1) Pakistan Fertilizer Situation - USAID Miusion to Pakistan
January 1974

2) Seminar {n Pricen of Agricultural Capital Inputs i{n Pakistan -
Pakistan Instftute of Development Fconomics - Inlamabad -

Novenber 30, 1973

3) Fertilizer Marketing in Pekistan - by Changez Shuja - Dawood-
Hercules Chemfcalsn Ltd.

4) Journal of the Pakistan Institute of Chemical rngincera - Vol, 1
July-December 1973 ~ No. 1 and 2

5) Fertilizer Marketing and Distributfon in West Pakintan - prepared
fe~ USAID Mysston Pakiutan by Chemical Consultants (Pakintan)
Lim'ted, Lahore August 1970
v Tt 18 obvious that: great emphanis iu befng placed upon the .

increased indigenous production and Imports of raw materfals for manufacture
of fertilizern at this time to natinfy the presently entablished markots
for fertilizer materfals. This han been precipitated by the fact that

prices hove increased three to focr times or more on specific {1tema since

1970. Huwever, particularly in the public sector, no short~- or long-range
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plans were evident for management and marketing of either indigenous pro-

duction or irported materials., The private sector 1s weil establishad

and organized ip this respect to cope with present and future problens.
It is also quite obvicus that the entrance of the private aector (Kseso
and Dawood-Herculas) in production and marketing in Pakistan hen
dramatically increased the supply and demand for fertilizer materials,
Much of thig success has been accomplisned under unusual and difficult
situations and prohlens.

With the new production facilities and anticipated exprnsion
of present facilities, it becomes of paramount impoctance that management,
administrative, and marketing prograns be developed on a well organized
and timely basis,

We understand that the present arrangement provides that the
central government will allocate fertilizer supplies to the four provinces.
The two private sector organizations will be permitted to market thelir
products in specificd arcas. Fertilizer produced by NFC plants and
inported fertilizers will be marketed by provincial government organiza-
tions.

Some of the literature indicated that several hundred people
would be employed in the public nector (previncial) marksring program.
However, no information was found as to the necewaity for these people
or the banic qualifications mandutory to perform the functions expected
of them,

A personal, brief diecunsion with pome of the marketing people
indicated that many new employces had little experlence and othera had

some basic agricultural experience in the geographic areca or close
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relationships with the distribv+or, dealer, or agent. "he training
received By these new candidates has been minimal and at times completely
void. In many cases the extent of the trn;ning has been to travel with

@ representative for a perifod of ng or thi;é weeks,

For the public sector to be competitive and be able to suc-
ceasfully move the quantitites of fertilizer indicated, employees may
require training in the areas of agronomy, soils, marketing concepts,
sales or sales management, market planning, product knowledge, organiza-
;ion and conducting educational/sales meetings, advertising, sales promotion,
credit, pricing strategy, assisting his customers in maximizing profits,
planning distribution and storage, ecc.

7

tf;tr personnel in marketing. A great amount of their success must be

The private sector in Fakistan has focused heavily on training

attributed to this effort,

At preseni, the most serious problem 1e the lack of eufficient
fertilizer. In the future more problems may arise in distribution and
marketing. Using Multan as an example, the new plant will produce well
over 800,000 tons of products/year. In addition, at least 200,000 tons
of phosphate rock will have to be moved to the plant. FExpansions are
also proposed at Daud Khel, tyallpur, and the Haripur arca. With the pro-
posed exparsion asd present facilitiea, the inputs Into the plants and
outputs will be in the area of 2 million tons/year. Innovation, imagination, -
and initiative on the part of the irdividuals responsible will be required
to insure timely delivery of raw materials to thec plantn and of fertilizer

products to farmers.
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Recommendacions for NFC

1) A centralized procurement and distribution group should be
established to manage, coordinate, and expedite rail, truck, and water
transportation of all raw materials and products for NFC plants. Its
purpuse would be to provide timely, efficient delivery of raw materials
to the plants and of fertilizer products to retail outlets. The manager
of this group should be capable of planning the entire logistics program
including regional and local stecrage requirements, He should be well
acquainted with political and bureaucratic channels to expedite his per-
formance.

2) The procurement and distribution group should work closely
with the Trading Corporation of Pakistan for procurement of imported
materials. Alternatively, {and preferably) NFC should be authorized to
deal directly with suppliers of imported raw materials.

3) In the present system of provinclal control of marketing,
NFC must work closely with the provincial marketing organizations to
achieve an orderly, efficient distribution system. A recommeanded
alternative is that NFC should market its own products t: eliminate
duplication of cffort and personnel. The present decentralized marketing
system is likely to involve many problems in coordination of production,
inventories, transportation, storage, and cost control. Management,
administration, and marketing area a team efforrt. When fragmented,

serious problems are likely.
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4) A well-trained marketing organization ig iﬁportant
whether this.organization is part of NFC, as recommended above, or
a function of the provinces as at pregent, Promising individualg
should be selected for extensive training after which they could
act: as instructors for training new personnel. 1If NFC markats
its products, it should establish awd train & marketing group which
should work closely with the pProcurement and distribution group. If
marketing 1s done by the provinces, there should be close coordina-
tion between NFC and prbvincial marketing personnel;

5) At some stage of develcpine tiie NFC organization, {t-
may be advisable to have product managars who are entirely respon-
8ib”c for their specific production Promoticn, production coordina-
tion, allocations, and keeping management and field force constantly
informed of the latest developments regarding specific products,
This arrangement may become useful when new products, such cs

nitrophosphates are produced.
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_.Thé‘téam-fully recognizes that these recommendations are not :
withiﬁ:thé écope of the original and basic assignment; From our brief
éxposdre to personnel, literature, and studies provided, we hope that
somé contribution will be made to make NFC a great success at an earlier

date.

Conclusions and Recommendations ConcerningvShort?Terﬁ-Problems

Supurphoaphate

Sulfur Supply - The present situation in which superphosphate

plants are idle for several months at a time for lack of sulfur should be
corregcted. At present sulfur \.nd most other imported materials) are
provided by the Trading Corporation of Pakistan, an agency of the central
government. Preferably NFd should appoint a specialized procurement
officer with responsibility for ensuring adequate, continuous supplies
of raw matetials at minimum cost. He should arrange contracts and
expedite shipments through direct contact with suppliers and shippers.
If neceséary, the procurement officer could work with the Trading
Corﬁoration of Pakistan although independent procurement by NFC would
seem prefefable. |

The present high priée of sulfur delivered to Karachi is mainly
due to high freight costs from such remote sources as Canada and Poland.
‘Possibllity. of nearby sources. such as Iran and Iraq should.be evaluated.
(After leaving Pakistan, Mr. Gopp ascertained that sulfur may be avail-
able from Iran.)

"Phosphate Rock Supply - Jordan rock currently being used causes

rapid corrosion of mixer blades due to its chloride content. Whjle this

" 48 not a serious problem, some other kind of rock might be better and perhaps

more economical. Nauru rock is one possibility. It is unusually high in



- 29 -

grad: and wou}d produce higher grade superphosphate. The economics of
using roék from various sources should be' evaluated with dﬁe regard to the
gradg of thé rock and the product.

Bag Rot - Deterioration of bags is due to the free acid content
of superphosphate. It can be preventad by neutralization of free acid
with ammonia, ground limestone, or dolomite. However, each of these methods
causes éome loss of water solubility. It is suggested that superphosphate
be sold on the basis of available (citrate soluble) PZOS content rather
than water soluble. However, since a high water soluble PZOS content is
agronomically desiraﬁle for alkaline soils, it should be specified that

75% or 80% of the available P205 should be water soluble., This would be
in line with the planned nitrophosphate specifications. Control of the
free acid contentbat a low level may ve effective in minimizing bag rot.
The free acid can be controlled by the ratio of sulfuric acid to phosphate

rock, Further recommendations are discussed under "Granulation of Superphosphate.

Expansion of Superphosphate Production - The planned ‘expansion

of the Jaranwala plant seams appropriate. Production of superphosphate
at Daud Khel also may be appropriate, since some of the necessary facilities
are already available (grinding mills and sulfuric acid facilities).

Use of Indigenous Rock for Superphosphate - Whatever amount of

indigenous rock can be mined in the near future could best be used for super-
ephosphate-production~since~the-facilities-are already availeble.  The main
problem is low reactivity of the rock. However, superphosphate is produced suc-
cuessfully from unreactive rock such Kola apatite in Finland and other ccuntries.
Examination of rcck samples (see appendix II) showed that the rock
must be ground to 100 mesh to free phosphate pellets from their siliceous
coating. However, finer grinding may be necessary to ensure a satisfactory

rate ¢f reaction in superphoepahte production.
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L ' - After leaving Pakistan, some information was obtained in
ilplland and from TVA files on methods for producing superphosphate from
igneous apatite and on granulation of superphosphate., This information
vas sent to Mr, Barbar All of NFC, along with TVA's sench scale procedure
for superphosphate production tests which simulates conditions {n full i
scale operation. For production of superphosphate rrom igneous apatite
mined in Sweden, high sulfuric acid temperature (ro’c) and fine grinding
(97X minus 90 microns, 42X minus 32 microas) was said to be dol!iah!o.
Alternatively, the apatite could be used in admixture with a more reactive
rock, such as Horocco or Jordan rock., A mixture of about three parts of
Morocco rock with seven parts of Kola apatite was reported to be used in
Finland, Information from South Africa also indicated that high acid
temperature and fine grinding was necessary when using Phalaborwva apatite
for makirg single superphosphate. The recommended particle size was 95X
through 270 mecsh (Tyler)., Certain modifications of the grinding mills

wvere required to attain this fineness and to avoid excessive abrasion of

e — " ep—— e —

the equipment. Experience with igneous apatite does not necessarily
apply to Hazara rock which may be somevhst more reactive and less abrasive
than igneous apatite,

As the quantity of indigencus rock mined {s unlikely to be suf-
f'°="ﬂﬂ'ﬂﬂ"*~ ficient to' supplyctherentireineeds: cf ithe superphosphate plants in the FEAL A Ba
biatdenontn - near' futtire, tonstderation should'be given to uveiug a mixture of ¢ siwm

indigenous and imported xock. The more reactive imported rock would start

the reaction and generate hest whick would speed up the reaction of th

i indigenous roclk,

Granulation of Superphos) = Farmers are uniikely to be sat~

isfied with non-granular superphosphate ihaﬁ granular products becoms more




widely available, It is recommended that facilities be installed for
granulating superphosphate, This would also help solve the "bag rot"
preblen sisee grasular superphosphate can be conditioned by coating the
granules with ground limestone or dolomite to prevent bag rot with very

little loss of water solubility, Calcined dolomite is especially effective,
Oaly 1X or 2X is necessary,

In designing & granulation uait, the possibility of the eventual
production of grasular compound fertiliser should be considered, In
addition to superphosphate, ures oy asmonium nitrate and sssonius sulfate
could be added, Ammonisting solutions plus sulfuric acid may be used, The
compounds can be upgraded by adding a supplemental source of r,o,. such as
nonosmmoniin phosphate, Potash salts may be incorporated 1f needed,

Malsan Froblems
The problens with the Multen ssmonis plants (descrided previously)

wust be viewed i the context of plans to screp the plants vhen the new
ssmonia plant 1s bulle, Comple;fon of the mew plant 1s scheduled in about
thiee years, but 1t 18 & common esperience that construction falls behind
schedule #o i;: years vould be meve 1lkely., Aay capital outlay would
have te be anortised in && te tgﬁ' years,

The tean mesders are pot esperts in the mechanisal details of

cRTIERe 1) Tammenis plést opewatlion, YU L1e'Tecommended, therefore, that NFC 'L eassin!

obtaln the services of qualified esperts from TVA or some other
ergantsation for » peried wp te & wonth to reconmend changes In equip~
BeRt oF nalstenance procedures that effectively and cconomically increase

production,
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In the tean's inexpert opinion it would seem that with three
compressor units available at the Ammopac plant it should be poss’ble to
keep two o!. them running most of the time¢ and at laast one running all of
the tiss gmpz vhea other parts of the plant cause shutdowns, We received
conflicting reports as to vhather the gas engine drives caused any major
difficulties,

Also, the economics of providing additional cooling for ammonia
condensution and recovery should be evaluated for the larger amsonia plant.

Excess Amsonis Utilisation
The 3,000 to 5,000 ton/year axcess ammonia capacity that is
availavie from Dawood-Hercules 1s a rather small quantity, but 4f utilized
it would decrease importation of equivalent nitrogen fertilizers which
at current prices cost about §2 to §) million,
Three methods of utilizing the excess ammonia ware considered,
The first choice, on the basis of immediate effectiveness, is tn transport
the ssmonia t2 Multan vhere there /s excess capacity for converting it
to urea and ANL, We understand Yhat task trucks may be available which
are used for transporting LPG, These trucks can be used for Cransporting
sssonia vith minor changes. Any brass or other copper alloy valves or
other fittings should be replaced with steel or stainless steel,

"N second posstibility 1e utilizeiion for sssoniation of super~
phosphate. This has been discussed vnder superploephate, It would invelve
some delay while providing equipsent for preparation of smsoniating selution
and equipneat for welng 1t at the superphosphate plant,

A third method would be urilisation for direct application such
a8 by prodeoing aqua ssmonia and applying it in frrigation water, Ve

I ————




believe this possibility should be pursued as an experimental and develop-

ment progrem, and not specifically as & means for utilizing present excess
ammonia capacity,

In view of the enthusiasm of NFC personnel for a liquid nitrogen
program and the reluctance of Dawcod-Hercules to undertake it, we suggest
that the NFC be encouraged in this endeavor, It has excellent potential for
reducing the cost of nitrogen fertilizer to the farmer, Also, it seens
1ikely that there may be excess ammonia available from other plants in
the future, For instance, in the new Multan plant any malfunctioning cf
downstreanm units would create an excess supply of ammonia.

Utilization of axcess ammonia from Dawood-Hercules to supply —

nonagricultural needs (refrigeration and defense) should also be considered,

e £ k
Ve believe that rapid development of indigenous phosphate rock
is of the utmost importance to Pakistan's fertilizer industry and agriculture,
and hence to the nation's economy., We fear that the present complicated
and fragsented pethod of development with so many participating agenciea
vill cause undue delays,
Access roeds must be built and equipment purchased before mining
can begin, Even a thorough job of exploration and proving of reserves
cannot be done without substantia) investment i roads and equipment, No .
private sector organisation can afford s ;h investment without a long-terms
lease of substantial reserves,
Reconuendations ~ Mining of the moct promfsing reserves should
stary iemediately, As mentioned above, long~term leases will be necessary
if this 18 done by the private sector, The amount that can be mined winh-
out sophisticated equipment may be relatively small, but 1t will be helpful
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in supplying Pakistan's needs and generating capital for further improve-
wents., At first only high grede rock may be used, but any lower grade
rock that is mined concurrently should be stockpiled for later use.

Exploration should be intensified in all areas, including those
not presently active. Whenever sufficlent reserves are located, benefi-
ciation tests should be carried out to define the economics of upgrading
lower grade rock.

At appropriste times, Pakistan shculd arrange for consultants
in explorntion, mining, and beneficiation. Such consultants should have
experfcnce with U.S. Western States phosphate rock operations where the
deposity arce generally similar to those in Pakistan.

In due time consideration should be given to securing the sexrvices
of an experfenced mining company, especlally when underground mining becomes
neceasary, provided that further exploration shows sufficient reserves to
warrant such operations,

The team has not seen evidence of sufficient minable and usable
reserven to justify construction of the plant proposed by the Sarhad
Development Authority. However, nssuming the conditions set forth in the
Tender Speciffications by SDA, such a plant would be economically feasible.*

We suggest that more emphasis be placed on beneficiation and
lesn on finding high grade rock. Most of the world's major producers

rmine relatively low grade rock and beneficiate it. For Instance,. Florida

rock an mined may be 15% to 20% P,0., North Carolina about 207, western

2°5°
rock 207 to 307 oand In Brazil grades as low as 67 to 10X P205 are being

succennfully utilized,

#Production of 90,000 tons/year of P,0, as phoaphoric acid, part sold to PFC,
part converted to TSP or DAP; $30/ton”cost of rock and $60/ton coat of sulfur,
delivered to plant site near Har{pur, Estimated production cost of TSP,
about §100/ton bulk,



Tests of utilization of rock in various processes should be carri
out wheq representative samples are available. The procéases should includ|
nitrophosphate, phosphoric ucid, DAP, TSP, and superphosphate.

The possibility of utilizing Hazara rock and electric power from
the Tarbela Dam to produce phosphArus and phosphoric acid should be studied.
The products would be useful for producing detergents, énimal feed and .ood
grade phosphates, and organophosphorus insecticides.

In the event that the phosphate reserves prove adequate, con-
sideration should be given to increasing the scale of operation of the pfépd
SDA-PFC complex with a view to supplying more of Pakistan's future néeda'#ﬁd
exporting some of the phosphate fertilizer products to Afghanistan,ggd perha

other nearby countries.

Recommendation for Long~Range Planning

A complete study should be made by TVA or other organization
experienced in making fertilizer studies to provide a recommended program
for expansion of fertilizer production and use in Pakistan. Such a study
probafly vould require a team of three or four experts for a period of at
least éﬁ%'months, of which one month should be spent in Pakistan. The
team should include a fertilizer production technologist, an economist, a
marketing aud distribu.tion analyst, and perhaps a mining engineer.

It would be very helpful if more information could be made avail- -
#ble concerning . indiguacusiphosphate. rock ;before’ or durifif ‘thée team's visit:
Access to the principal phosphate sites shouid be provided. Representative
samples from the principal reserves should be provided for chéracteriza—
tion and assessment of amenability to beneficiation processes, These
should include samples from areas not now under active study. Preferably

much of the work should be done before the team's visit.
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The tcam shouid prerare a preliminary report prior to its visit
to Pakistaﬁ} utilizing available information. This report will serve as a -
working décument for discussion, expansion, and modification during the
visit. |

The scope of the team's work should include:

1) A complete study of marketing and distribution for the next decade.

2) A study of technical and economic factors inwvolved in future pro-
duction facilities including processes, scale of operations, choice of
products, plant locations, and available raw materials.

3) Evaluation of export potentials for nitrogenous and phosphatic
fertilizers,

4) Evaluation of indigenous raw materials and resources.

5) Direct application of anhydrous ammonia or other 1liquid nitrogen
materials to the soll or to irrigation water.

6) Possibility of utilizing indigenous sulfur materials guch as volcanic
sulfur in Baluchistan or pyrites. The vast, easily mined gypsum and anhydrite
deposité near Daud Khel suggest that production of sulfuric acid and cement
may be economically feasible, with use of the sulfufic acid for phosphate
fertiiizer production. The future price and supply of sulfur on the world
market will have a bearing on thie study. However, the inland location of
phosphate deposits and market area inc teases the delivered cost of sulfur
.and .favors use of local.materials. .

7) Evaluation of tbz ossibility of electric furnacg production of
phosphorus and phosphoric acid at Tarbela.

8) Evaluation of phosphate rocks for use ir nitrophosphate processes.
Jordan rock may cause corrcsion due to chloride content., Hazara rock may
also contain chlorides, and the gilica content might require a silica sep—

afation step in the process. (These studies might be done by NFC or CCL).
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9y Possible production of straight ammonium nitrate (34% N) rather
than ANL (26% d) at Multan.

10) Recommendation of type of phosphate products; TSP, DAP, MAP, SSP,
or compounds,

11) Assesament of agronomic needs for nitrogen, phesphorus, sulfur,
potash, and correction of saline and alkaline soil conditions.

i2) In the event that indigenous rock phosphate appears inadequate or
uneconomical, evaluate the economics of production of phosphate fertilizers
from imported raw material vs. imported intermediates (such as phosphoric

rcid) vs. importation of finished products.
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APPENDIX I

Partial list of people who supplied information for the team's study:
Mr. S. Baber Ali, Chairman, National Fertilizer Corp.
Dr. A. K. Oureshi, Technical Director, National Fertilizer Corp.

Mr. Syed Shahabbin Ahmad, General Manager, Lyallpur Chemicals
and Fertilizers Ltd.

Dr. Muhammad Ishaque, Lyallpur Chemicals and Fertilizers Ltd.

Mr. Hafizullah, General Manager, Natural Gas Fertilizer Factory
Mr. Lafar Iqbal, Chemical Engineer, Natural Gas Fertilizer Factory
Mr. Sherwani, General Manager, Pak-American Fertilizer Ltd.

Mr. "ohammad Nasir Butt, Assistant Chief Engineer, Pak-American Fertilizer
J.ed.

Tr. Ahmad Shah Nawaz, Managing Director, Chemical Consultants (Pak) Ltd.
Mr. Changez Shuja, Marketing Manager, Dawood-Hercules Chemicals Ltd.

Dr. Waheed M. Butt, Development Manager, Dawood-Hercules Chemicals Ltd.
Mr. Mehmud Ahmed, Pakistan Mining and Minerals Corp.

Mr. Sultan Masood Kahn, Chairman, Sarhad Development Authority

Mr. Khalid Moktadullak, Technical Director, Sarhad Development Authority

Members of USAID Mission to Pakistan:

Mr. William A. Wollfer, Deputy DLirector

Dr. Richard R. Newberg, Deputy Director, Ag. Policy
Mr. Clarence Bell, Capltal Development

Mr. Jamea G. Unti, Agzricultural Economist
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Appendix II

CHARACTERIZATION OF PHOSPFATE ROCKS
FROM THE HAZARA DISTRICT, MIRPUR AREA
PAKISTAN
by
L. Ray Gremillion, Guerry H. McClellan and James R. Lehr
Fundamental Research Branch
Division of Chemical Development

Tennessee Valley Authority
Muscle Shoals, Alabama 35660

Summary

We have completed the characterization study of two phosphate
rocks from the Hazara District, Pakistan. These rocks are simple mixtures
.of about 807 apatite and 20% silica. The phosphate particles are cebented‘
with and their surfaces are penetrated by silica cement., The silica can-
not be removed by physical beneficiation. Floatation is not prantical
because of the strong bond between the silica and the phosphate. Fine
grinding to liberate the silica from the phosphate would result in
objectionable phosphate losses,

The data show that grinding the samples to -100 mesh is nec-
essary 1f the apatite is to be extracted from the unbeneficiated rock to
produce phosphoric acid. A preliminary calculation shows that a 447%

P205 triple superphosphate can be prepared by mixing about 607 merchant-
grade acid with 40% unbeneficiated rock.

The characterization of the apatites in the two rocks show tliat
they have a low degree of carbonate for phosphate substitution and would
not be recommended for use in direct application.

In a previous report (Characterization of Phosphate Rocks from

the Hazara Area, Pakistan by G. H. McClellan, Jaanary 1971) three samples
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submitted by M. C. Manderson (letter, M. C. Manderson to T. F. Hignett,
December 16, 1970) from the Hazara Area, Pakistan, were described as
having significantly different textural and mineralogical characteristics
from the ones described in this report. More precise geographic and
geologic descripticns of phosphate rock sample locations would contribute
to a more meaningful evaluation of a phosphate deposit and help to prevent

the possibility of conflicting interpretations.

Introduction

In his letter of June 7, 1974, to D, L. McCune, T. P. Hignett
requested that a prelimin-ry characterization be made of two phosphate
rock samples which were sent to TVA by J. G. Unti, Agriculture Economics
Adviser, Islamabad, Pakistan., Mr. Unti had received the samples from
Dr. A. K. Qureshi, General Manager, National Fertilizer Corporation of
Pakistan Limited. In Qureshi's letter cf June 15, 1974, to Unti, no
mention was made as to whers the rocks were collected; however, tags
inside the sample bags indicated that both rocks were from the Mirpur
area in Pakistan. One sample was labeled as c chamnel sample and the
other was lsbeled as a representative bulk sample. The purpose of
studying these rocks was to determine their nsultability for the production
of phosphoric acid or triple superphosphate.

.Fach of the. two phosphate rock samples from the Hazara District .
weighed about 4 kilograms. One was a channel sample (our reference No.
MR-552) and the other was a representative bulk sample (MR-553). Later,
we received a third sample (MR-556) of about 150 grams which was labeled
as a composite from seven pits of the Kakul Hill Mines. It was suggested

that we examine the rock to see if it was similar to the first two and,



.47 so, not to study it. X-ray and petrographic analyses showed that MR-556
*had ‘the same type of apatite-as well as the same textural and mineralogj.cak:--
composité as MR-55 and MR-553. Kakul phosphate has been previously
described as contuining dolomite as a major impurity, but a careful
petrographic examination of this rock showed that dolomite was not present. -
Since this rock was not significantly different from the Mirpur rocks, no
further work w-s done on MR-556.

Mineralogical Characterization: The two phosphate rock samples -

have very simple 87.d very similar mineralogical compositions. They
essontially consist of apatite and silica which occurs in the form of
.quartz, chert, and .chalcedony.. The apatite content of both;roékp:iﬁ'a : ..§:,
between 762 and 78% and the silica content 1is between 17% and.i9i.i Small
amounts of clay, limonite and heavy minerals constitute the temain&ef'of
the samples. z |
Testing: Both rocks consist of pelletai apatite whoééZ;;etage
size is about 0.5 mm. The pellets are cemented with silica whicﬁ is in
the form of chalcedony and chert. The cement forms an interconnecting net-
work throughout the rock, thus, completely enclosing many of the apatite
pellets. The chert and chalcedony not only wets but also penetrates the
surfaces of the phosphate grains as characterized by the absence of a
sharp contact between the two mineral phases. Massive chert also occurs
ircethe ipocks ‘as 'lengesc+This “chertiig .estimated:to comprise about 25%,
of the total silica content. It does not occur isolated from the apatite
pellets but together with it, because the silica cement which binds the
apatite pellets also binds the lenses of chert to the apatite; therefore,
this chert cannot be feasibly separated from the apatite by physical or

chemical beneficiation, Quartz, both detrital and authigenic, is present
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between the apatite pellets. Most of the quartz is free, but a small
R O .
percentage ((p 5% of t;tal eilica content) is occluded in the apatite.
Because the average particle size of the phosphate is 0.5 mm,
the minimum crushing required for liberation is 32 mesh (0.5 mm) or finer,
When the rocks were ground to -35 to +80 mesh, (0.3 mm everage diaﬁeter),
oniy about 10%-15% oflthe phosphate was soluble in H2804. The samples had
to be ground to -100 mesh (0.15 mm) in erder to aesure'a nearly complete
extractiod of the phosphate.
The ground phosphate particles characteristically retained portions
of the chert matrix tightly bonded to their surfaces; Because of this tightly
dnbccded>condition, the prospects for releasing the pelletal apatite grains by<‘
grinding does not appear promising. Because of tlhie softness and friability
of the phosphate particles, overgrinding to release the silica should be
avoided in all beneficiation steps if slime P205 losses are to be minimized.
‘Similarly, the incomplete removal of silica from the surfaces of the phcsphate

pellets during grinding would make beneficiation by Zloatation impractical.

Characterization of the Apatite: Optical and x-ray examinations

of the apatites in samples MR-552 and MR-553 showed them to be francolites
ﬁith a low degree of substitution ¢f carbonate for phosphate. The approximate
compositions of the apatites were determined from the crystallographic unit-
'cell dimensions obtained by x-ray powdér" diffraction and from ‘established - -+
.Qc::reietidss cfféheseﬁcgredetererwitﬁwcr;etal chemical composition.‘”fﬁe'éqnhg
empirical compositions of the apatites as represented by the formula
Ca30- (atb) V2285 (P04« 0. 4xF2

were derived rrom the x-ray data shown in the tabulationm.

Unit—cell dimensions

- Sample ' a e
MR-552 9.360 6.889

MR-553 9.359 6.889
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From statistical models correlating unit-cell parameters with
- @patite ¢rystal chemical composition, the apatites in these samples can-

be shown to correspond approximately to the empirical formulas:

Stoichiometric
. | P205 content, %
MR—552 Ca . Na . Mg . (PO ) . (CO ) . F . 39'99
9°87.,°0°09, 20°04,;_ 4.5°61,°°3.0°39._2°15

Chemical Characterization of Ores: The chemical compositions

- of the two phosphate ores are showa in Table I. The ratib of the PZOS

content of the rock to ﬁhat of the pure apatite is equal to the apatite

content of the rock. The acid insoluble fraction is equal to the sum of

the quartz, | |
TABLE I

"~ % Compositions of Pakistan Phosphate Ore

Composition, % of ores

MR-552 MR-553
Ca0 42.7 42,2
P,0, 31.0 30,3
cb, 1.0 1.1
F 3.2 3.2 -
Na,,0 0.21 0.24
Mg 0,16, 0.13
S10 -17.0 18.4
- ALg, RETVE 1.2
Fe 03 1.0 0.8
6 0.41 0.37
Total S 0.15 0.17
: 304 S Nil Nil
C1 - 0.02 - 0,08
- Acid Iddols . 1 20,8 22;2.
NAC sol. “PZOS © 2,5 2.6
% Apatite 77.5 76.1

chert and chalcedony plus the clay and limonite contents of the rock.
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Comments: Mr., Hignett has indicated that Pakistan is interested
in producing phosphoric acid or triple superphosphate from the phosphate .
deposits in the Hazara District. This report shows that these rocks
should be amencable to the production of these fertilizer products,

However, this may involve the utilization of some non-standard fertilizer
technology.

These rocks consist of a mixture of acid-soluble phosphate and
acid-insoluble gangue minerals., This simple mineralogical composition
could be employed to advantage in the processing of this ore. It is
possible, for example, that floatation may not be necessary before acidu-
lation. In fact, flodtation woi-ld be undesirable because of the intimate
asvociation between the apatite and the silica. Floatation of the silica
would require fine grinding and would result in objectionably large losses
of P205 as slimes. The small size of the apatite pellets and the penetration
of silica into the phosphate particle surfaces would require that the rock
be crushed to about -100 mesh before acidulation in order to assure the
complete dissolution of the apatite.

Some preliminary tests have demonstrated that the P205 of the
unbeneficiated rock is amenable te acid extraction and thus, that the ore,
even without beneficiation, may be suitable for the production of wet-process
acid. This wsuld, of course, require that 20% more raw material be handled
- 1Y 4¢he 'préc.éds; bparticularly :during  filtration. The addition of the sllica , ,
to the filter ccke could lower the capacity of the filters, but this is not
expected to be a serious problem.

Assuming that all the phosphate in the rock is removable for acid

production, as the test indicated, and accessible for preparation of triple



superphosphate processing, the possible grades of triple superphosphate
(TSP) produced from these ores way be estisated, The chemical reaction

usually is written

c.mtl'ﬂ‘)sr2 + 14000, + 100,0-D mc.tl,ro‘),.uzo + 2y Q)
and commercial TSP prepared with 54% r...o, (merchant-grade) acid usually
containe 44X to A7X on’ vhen cured, The wole ratio (:al)ll":t)s in fluorapatite
is 3.3), vhereas in these Pakistani rocks the values are 9,50 and 3,54, On
the basis of equation 1 and ﬁth corrections for the ratio c.o:r,o, and for
the dilution of the product by the l!O, in the ore, the superphosphates in
the tabulation could be produced from rhe unbeneficiated ores,

Crame acid

(542 p,0.)/ P,0. conten:, X,
Sample 100 grasd fock of Superphosphate
Channel 144 4.6
Bulk 144 4.3

Drying during denning night raise the grades of these superphosphates slightly,
In all these acidulation mixtures, & slight (about 2%) excess of acid is uveed,
as often occurs in commercial denning practice,

Bacause of the potential corrosion problem in processing ores
containing substantial quantizies of chloride and reports that rocks froa
the Hazara District have moderately high chloride contents, these rocks were
analyzed to determina the level of chlorides present, The results (Table I)
show that the channel sample contains 200 ppm chloride end the bulk sample
contains soo'm. Chloride levels exceeding 200 ppm can ‘cause significant
corrosion in 116 stainless steel, however 317 stainless steel is usually
acceptable for use with rocks containing up to 600 ppm of chloride, Thus
the Hazara District phosphate rocks could present a potentiai corrosion

problem during processing,



Because of the low degree of substitution of carbonate for phosphate
vhich indicates low reactivity, theza rovks have essentially no potential as

dirsct application fertilisers. In a previcus report entitled CHARACTERIZATION
(January 13, 1971),

dolomite was reported to bc present in significant quantities in three phosphate
rocks from the Hazara area, Since the presence of silica cemsnt was not men-
tioned in the report it evidently was not an important textural feature, Thase
three rocks, which are apparently from the same area as the ones described in
this n ‘ort, are obviously quite differeat in their textural and mineralogical
charasteristics,

The explauation for these differences may be geological or simply
a satter of sampling technique, The conclusion that precise geographic and
geologic descriptions of phosphate rock semple locations are relevant to a
mesningful eveluation of a deposit is unavoidable,
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