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Foreword
 

This report presents information collected by the authors during
 

a tI
 " 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 thin work at tho' request of 
the U.S.
 

Agency for International Development (USAI)) to ansisit 
the Government of 

Pakistan (GOP) and its agency, the National Fertilizer Corporation (NFC) 

to identify problems limiting fertilizer production ti Paktntan, nupgent 

means for increasing production, and nsuist with lonIg-ra Re planning
 

of additional fertilizer facilities, especially phopiphat facillries.
 

Special attention was paid to indigenous phr.phate deponits in the' 1azars 

District of the Northwest Frontier Province hecaune of tha proftnu4 

effect this material could have on plans for phosphate farttlizrr produc­

tion.
 

At the request of USAID and NFC, the 
tem'o main efforts were 

directed toward short-term Improvemento in production capabllttio of 

the present NFC plants. Suggostionn for longare t'rM pla1nnnX and for 

future production facilities swe ouz!-.ed to help dtitis tho ,cop, of work 

for a recommended study by a submequont team.
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ANatural (las Fertilizer Factory (IMultan)Mr" Haf 
. . - ......... 
 tiiEaniz

S F ertilier 'produbeu umade 'at .Multau are aminoniim nitrate-lmestone 

(AINL26%,N) 'andcryitalline urea. A L i. produced by the St Gobain* 

process. Amoiumnitratebolut1onis sprayed-from a:spray pipe on a 

"iolliug bed 'in a drum granulator. 'ecycled product and ground limestone enter
 
the ifedenid' - he is no retaining ringL at the dlecharge 
end. The* 
spray- pipe ixtends most ofw 'thi length 'o h granulator. From the gran­
lator'the 'product Soes, to a drier. 
 'After drying, the product is 

...reenedilines and overseare recycled and product,cruhed sixe is 

coolid and condttoned with kl eelguhr. The product quality seemed very 

:Urea la produced by the Inveunta processe. The product io
 
crystallie, centrifuged, and dried. The 
urea to quite small In particle
 

esie and Caklongl s problem. The crystals are bagged in cotton bags.
 

A, vUlIng tower is under construction. 

The eapities of the AM and urea plants are 300 sad 220 ton/ 
day, respectivly. This ts somuhbaq~ve the rated capacity, espeLally 
for the a plutt Novun T e a ils supply is lnsufftlent to 

Opeaeo the plats at cpaity. 

The owileal amula pleats built to INS#2,es supplied by 
Orad Pariase OVsm) sei uses the Oelo proesas The rated eapecty 
"W = 4:04WIda7 tolbs preses eawety to swaut MSt4/da 

11.The, niusd 1pseto 6sd t twom feessrse W 0UN ofitdo ohe 
leWiqt doe mini susee uMAS to imadeque wish do,remit *at 
MWN" sisIum MW the~~esw ssdbso espeli s 

.MusresU,s MM .....M MOst A. se O."+as. 
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2 2 
(2) The plant was designed to operate at 600 kg/cm. (about 8,500 lbs/in2)
 

but due to excessive maintenance at that pressure, it is operated at
 

500 kg/cm 2 (about 7,000 lb/in2). There were still some compressor
 

problems at that pressure, but they vere not considered excessive.
 

To make up the de1icit in ammonia supply, an Ammopac unit was
 

installed by Girdler in 1968, rated at 60 to"/day of ammonia. This 

unit has not operated satisfactorily; it prcduces only about 40 V'/day 

when it runs, and is often shut down for compressor/maintenance. There 

were originally two compressor units; Girdler supplied a third for use 

as a spare. The compressors are driven by internal combustion gas 

engines. Compressors and gas eng.nes were supplied by Thomaseon (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 wan with the comprescra. During our visit,, two compressors 

were down for repalrs and the third was idle. It appeared that the current 

practice wan to keep two of the compretsors in operating condition and 

the Idle compreneor wan not In operable condition. 

The plann arte to scrap ti older plant when the uew (910 p.w/day) 

aumwn a plant In ImIlt. The Ammopac ilantit W!M1 vitht hi, t.rapCped or 

the hvelopmenttranaserred t) er Authority itit iri itn tho pruposed 

phophuIt e pInnt nmhar lintpur to nuzp. 1y ntreu1 ,ni r .T ri no 1 uhmphhto. 

The nrW pint In tich-d Ild tot c'4r-ip lt t III LIW.% Yarn but brcauta of 

ahortap of t,,ttiuutliru tt-.4tvrn1 awl faricattlv In' tilt lna. th 

44-11041110 tray lolt 110 1r:;t. ;t) 01.1)r V 11 I VOL 011 the 0114l 1laln1t WOuid 1iet 

C ra3 ellt I'liv an t., Imprt IfKItS 10 Amrtiltc ' liI t1wr t ' fP"l YC C4. a al I w 

urv at Cuue.C 'F vi)/t .0 4and 4r=4Wtk4%a I se nrzi'a ot Ittv I4at W1 1 It"0. 10 / 

1,40 ty 11cat t ain Ili( *cama Inl Its "listt tll~ vead~l Ia Vet Y Mtut It V..s tI'Uht Ia. 



4 

-9-


Tf ammonia production could be increased to match the capacity of the
 

downstream plants, the additional production of nitvogen 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
 

of N/year, whereas actual production has ranged from 43,600 in
 

1969-70 to 24,000 in 1972-73. If the shortfall is made up by importing
 

urea at $300/ton ($
655/ton of N) the annual cost will be $8 to $14 million.
 

The new plant is designed to produce 1,020 toi/day of prilled
 

nitrophosphate, 22.5-22.5-0 with 80% of the P205 water soluble. 
The
 

nitrophosphate process wll be 
supplied by Stamicarbon. It will also 

produce 1,500 rm/day of granular ANL (26% N), partly as a byproduct 

of the nitrophosphate process, and partly by direct neutralizatrion of 

nitric acid. Two 600 1,s/dny iiitrIc acid planta will bt, built aznd the 

present 200 Uwm/day unit will be retained. Coacentration of the acid 

will be 57Z-60% JINO V. ,fll oP and lide are th, contractors. 

Thi pr,.! Wnt ANI. tnd urea tin!t will be r,'tilned. An mentioned 

pravloualy, the urea will Ile prilld. We i jltvd why they pla nned to 

mako ANI Inrit,-iid of tatral-.ht girr.onuir, nittate. We were told that there 

wore plant, to taale prfIled ntret!-ht iL:on f1u nitelatt, Itwover, Much 

plane ars not mentione d In the IIi'tD report. 

http:tatral-.ht
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Pak-Ameri -an FertAklicer Ltd.
 
Mr. Sherwani, General Manager
 

The Pak-American plant at Daud Khel near Mianwali on the
 

It was
Indus river is the first fertilizar plant built in Pakistan. 


built in 1957-58 by Union Chemique BLIge.
 

ammonia
The ori~inal plant utilized coal from a nearby mine as 


feeditock. The coal gasification process utilized lump coal which was
 

gasified by a mixture of steam and oxiygen in Lurgi-typL gasifiers. The
 

coal was lou 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
 

Later, a second unit was added to produce sylthesis
oxidation process. 


The gas from the two units, after
 gas by steam reforming o" natural gas. 


CO shift conversion, goes into a common train for further purification and
 

armuonia synthesia. The total ammonia production capacity is about 80
 

to/day. 

Primary CO2 removal from the synthesis gas is by scrubbing 
with
 

aqua a onia, prcducing ,iunmnnium cartonatv solution, which la u,3ed to 

make ammolum aulfate by reactLsn with gypoum. The reaction 19 carried 

s of anonia which to Iltc r tieutiralli ed with flulluricout with an exce 


acid. The atronintum Zlf,.te aulutlon Io ntopnrated from byproduct calcium
 

nolution In evaporatned and
tarbounte with rotary drun fill tern. Te 


and tha c ryntaln are recovered by centrlugin . '11w
cryntallized 


art) dried n(d packned In cttton hisga. The cryntuln wmre of a

cryntaln 


in tho U I.ted
block hapv Anil fairly lar e,. but not ans large an that nold 


Staten for dir-ct ap,|,lc.st ion or tulk bluwIng. 'th" byirudiwl, calIium
 

pond. "ovia of It wan
carohnata, wan lu -rilod nod dinpt,ned of In a 


utiltrad by a 0arby rcment factory.
 

http:ap,|,lc.st


The plant was said to be ope,&'.cing above design capacity, which
 

would be about 100,000 
 suf ammonium sulfate 7e--yaar. However, reccvdz 

showed that annaal production in rf-cent years was about 60,000 t The 

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

refrigeration and national defense useo. 

We wi&' z: the nearby gypsum riine where an eitire hill con­

sisted of gypsum with a fbw veins of dolomite. The onG hill was said to 

contain 35 million jns of gypsum. Below the gypsum was anhydrite.
 

Miring was evidently quite inexpensive.
 

The fertilizer plane was well built and maintained. Excellent
 

shop maintenance facilities were available. 
Ti.ere was a 20 tons/day
 

sulfuric acid plant and n larger one was planned for produczion of Uuper­

phosphate. In view of the± 
high cost of sulfur ($120/ton et Karachi plus
 

rail frioght), the manager proposed to recover most of the excess ammonia
 

from the 
ammonium 6ulfate solution after calciux carbonate separation by
 

thermal decomposition rathaer than neutralizing it with sulfuric acid.
 

Equipment for this modification would be constructed In the shops at
 

Daud Khel. 

Labor~tory tests were in progress of the use of Ilazara rock
 

(32% P205) for single rJupurphosphate. 
 We did not have an opportunity to
 

talk to thi int'n who did the work, The mainagor told us that wher. the 

required amount of julfuric acid wan mixed with the rock, t:he mixture 

was fluid for n!, hour or two. (In normal circum&tancea, the trxture 

should fsolldily In n1out 2 wninut,.n. ) 4etto:r reivult.3 were obtained by 

adding the a fid lit I ncreent'n. The best conventrat-ion of still uric acid 

was said to he 66X it. ;04, The |Itghentt wifr-noluble 120 content in the 

product wan 17.5%. V'rei Acid content wan qulvt, hlghi. It appeared that 

no att4Mpt wvA Mad tO .imulate dannfivg and curln conditiona by conserving 
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heat ci' reaction or by preventing loss of moisture during auring. TVA's
 

proctdure for laboratcry-scale tests of superphosphate production has
 

bean sent to Mr. Barber All.
 

The company carried out some other enterprises in addition to
 

fertilizer manufacture. One of these was penicillin production; we
 

were given a tour of the penicillin plant.
 

L llpur Fertilizers & Chemicals Ltd.
 

Mr. Syed Shahabuddin AluhmiA 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 waa not considered suitable for expansion 

because of limited space atd a local tax situation, no the second plant 

was I ilt at Jaranwala. 

The Jaranwala plant hat a Moritz-Standaert den; the capacity ig 

240 towr/day on a 24-hour banin. At present, the sulfuric acid production 

capacity 1-1 50 t!&n/day which limits annual ouperphoapbatc capacity to 

32,000 tona. A tnecond sulfuric acid plant wan under construction which 

would double the capacity. (Paki-tan in capable of co, tructing its own 
"J 

sulfuric acid plants.) Tite Lyalipur plant han a 20 twpb/day sulfuric acid 

plant and a im~ill Noritz-Standaert den; th annual nuperphophato capacity 

In 10,00'j tonn. I1oth plants were shut down for lack of sulfur and had 

been out of fiulfur for 211 montha in ono plant and 4 riontha in the other. 

(Some other governr~wxnt agency wn" rnponotlle for procurcmetit of Imported 

anter In 1a.) 

A tiibntanttal quantit y of lordw plho.phate rock watt on hand at 

both plant a. it wat stored in the open, piled on the ground on either 

side of the railroad spur. The rock its quite fine, t.nd It wan rvident that 
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the wind had blown sore of it to adjacent areea. High winds and dust
 

sto-ms are not uncommon. Possibly there may be considerabla loss by
 

wind and other scattering. A shed with brick walls wag under construction,
 

for covered storage of at least part of the roc&. The manager said this 

was to krep it dry; during wet weather the moisture content of the rock 

was up to 3% which umade grinding difficult. 

There was a large, concrete superphosphate storage building 

at iranwala. The superphosphate removed from the den by a short convayor 

belt;, then to storage curing b: payloader. When cured, the superphosphate 

was moved to a disintegrating mill by payloader then to a hopper and 

bagging machine. There was not much superphosphate in storzge; it appeare& 

to be quite dry ?nd friable. I was said to contain 19% to 20% water 

soluble P2 05 . 

O'her than lack of sulfur, the principal prob,em seemed to be
 

bag rot (cotton bags). Woven polypropylene bags had been considered
 

but rejected because of high cost fthey would have to be imported).
 

Plast.c film liners had been tried -nd were effective as long as all
 

bags in a ahipment were intact. Vitn one bag bursts, adjacent bags are
 

weakenied by attack of the cvrLton exterior bags. The present solution
 

was to spray the cotton bags with 10% sodium carbonate solution. This
 

caused the bags to shrink so larger bags were necessary.
 

It was recognized that the cause of bag rot was free acid in
 

the tiuperphocphate, (probably gaseous fluorine compounds generated by
 

the free #.cid). he staff was r~luctant to consider neutralization of
 

free actd by amnonlation or addition of ground limestore or dolomite
 

because it would lower the water-soluble P205 content. The product is
 

sold on the basis of its water soluble P205.
 



- 14 -

The bag rot problem was discussed with a superphosphate manufac­

turerin the Netherlands. It was their experience that bag rot (jute bags)
 

was 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 1000C) was 1.2% free acid P205 . The company had
 

no experience with cotton bags.
 

Granulation was discussed; space was available in the manufacturing
 

building for a granulation unit. After granulation, coating the granules
 

with about 2% of ground limestone or dolomite probably would be sufficient
 

to control bAg rot with minimum loss of water solubility. It is likely
 

that granulation will be needed to improve the 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 used, the superphosphate
 

mixer blades corroded rapidly and had to be replaced frequently, probably
 

due to the chloride content of this rock.
 

Some of the staff stated that gypsum was needed on Pakistan soils
 

4o correct problems of salinity or alkalinity, and therefore superphosphate
 

was preferable to more concentrated fertilizers that did not contain calcium
 

sulfate. In discussing this problem later with AID rrsonnel, 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 much good.
 

Various figures were given for the cost of phosphate rock. At
 

NFC we were told that Jordan rock was $35 to $37/ton C&F Karachi; Moroccan
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rock was $50-$52. Elsewhere there 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 Harara rock had been carried out at
 
Lyallpur with disappointing results (14%-15% water soluble P205 ). The
 

low grade of the rock (28% P205 ) and its low reactivity were probably
 

causes.
 

Indigenous Phosphate Rock
 

This section of the report deals with information collected
 

by the teavz 'rom reports, interviews, and field trips. 
 Appendix II
 

gives the results of characterization studies of phosphate rock samples
 

received by TVA after the team's visit.
 

A report* dated June 1973 by Chemical Consultants Ltd. (CCL)
 

gives'detailed information about the geology and character of the IHazara
 
District phosphate deposits. 
 Some 15 phosphate occurrences have been
 

noted in the Northwest Frontier Province, but only 2)or( 3)hnve been
 

studied in any detail as far as we know. 
Prospecting and experimental
 

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 
Other Abbottabad area 

1.4 
- -12.0 

0.6 

Tarbela -- 50 

Totol 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
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Table 

Surmry of Prevent and 
Production Failitic's 

CMPresent 
Loca r Ion 

Plantd Product 

NYC Daud heI AmnIum .uhu1tat, 

NYC Huita n ANI. 

ura 

NYC .y411pur . SSP 

Jaranwala 

Davood Lahore urea 
Hercules 

e00 Daharki urea 

-

I 

Planned Fertilizer 
ill Pf_|n 'n 

Rated Capacity 
trn of nutrient/oar

N 

20,0004 1958 

26,000 

30.000 

6 , 7 0 0 b 

o stream 

1962 

1957 

155000 1972 

78,000 1966 

PlarittPfrooaod or Under Consatruc tion i " Ine lunt 

NYC Lyall ur 

JArar vala 

NTC Hultan 

NYC Daud Khal 


Fauji 


Sarhad llazara 


Chinese ilaxare 


aDiversion of nmmonai 

bProduction to levela 

L 551' 


Ntrophosphate 
AN. 

ur-a 


S;P 


urea 


TSP/HAP 


urea 


;xpn#19 

.8 0 0c
5 1975
 

70,00o. 
 708000 1977-78
 
138.000d
 

37,0000
 

Indefinite
 

240,000 
 Indefinite
 

90,000 Indefinite
 

33,000 
 Indefinite
 

Present capacity baAed on available oulfuric acid capacity
 
dAdditional capacity equivalent to Increased nulfuric acid capacityTotal capacity after expanuion 

to refrigeration and defense unea 
limits amonium sulfate
 

below capacity 
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Table 1I
 

ftat ond Forecast Consumption of Production 
Of Fertlitzera In Weat Paiiatan 

(Thousands of Metric Ton* of NutrAent) 

. . . . . --------------.... P 0 ... .. l20 - ­.......---- .. ... 


Toar* Consumt~on Production Deficit Conuiumption Pouction Deficit ConsumptIon 

69 47 22 1.2 1.4 0.0
1966 

3.2 C.14
1967 03 52 56 3.9 0.7 


1968 177 50 127 12.8 2.9 9.9 0.21
 

1969 203 79 124 38.6 2.) 36.1 2.50
 

1970 253 129 124 33.8 4.0 29.8 1.34
 

1971 272 130 142 30.5 4. 6 26.0 1.22
 

1972 344 215 129 
 37.2 5.0 32.2 0.74 

132 48.7 5.0 40.7 0.501973 386 254 

1974 430 281 149 60 6 54 10
 

1975 475 290 1h'W 73 9 64 is
 

1976 530 292 23H 90 12 78 20
 
70 25
1977 590 346 244 108 38 

60 30
1978 650 551 99 130 70 


103 52 35
1979 720 678 42 155 

1980 790 697 93 185 137 48 40
 

220 156 64 45
1981 875 697 1711 


&Year ending June 30 of indicated year .Data for 1973 are preliminary - Forecasts
 

are for 1974 and following years.
 

#gu!ptions: Esso and Dawood-liercules will operate at 100% annual capacity.
 
baud Keil amonium sulfate plant wi11 be brought up to 95% capacity by 1976.
 
Present Mitan facilities will contribute 43,000 tons of N/year through 1976.
 
New Kultan facilities will atart onstream late in 1977 and w111 operate at 90%
 
capacity In 1979 and thereafter. The proposed Faujt Foundation amnmonia-urea
 
planL (or similar plant) will start operattn In 1978 and rach 90% capacity
 
In 1980. The Lyallpur/Jaranwala nuperphoaphate plants vill operate at 90X
 

-.Capacity. and t-o expansion will be completed In 1975 and fully effective is; 
1976. The proposed SDA/?FC complex will start late "n 1977 and reach 90%
 
capacity in 1981. Other proposed plants are not considered.
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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 ansint with longerfrange planning of additional fertilizer 

facilitieu. Thill objective ]eld to a lirn!ted exposure In the areas of
 

distribution and marketing. Time 
wan the .imItng factor and precluded
 

an in-depth UtUdy in dittrIbut lon and marketing.
 

M1ont of the information wan gathered from available reports
 

and limited personal dticuualon with personnel in the areas of diatribution 

and marketing. 

The primary sources of publiaiied information came from the
 

following:
 

1) Paklitan Fertilizer Situation -
USAID Mission to Pakistan
 
January 1974
 

2) 	 Seminar In Pricen of Agricultural Capital Inputs in Pakistan-
Pakistan Inotitute of Development Economict - Tnlamabad -
November 30, 1973 

3) 	Fertilizer Mlarkctlng In I'ikittan - by Changez Shuja - Davood­
hercules Chemicaln Ltd. 

4) 	 Journal of the Pakintn Inutitute of Chemical Engineers - Vol. I 
July-December 1973 - No. 1 and 2
 

5) Fertilizer Marketing and l)iDtribution in Went Pllakntan - prepared
fc- USAID M-f,,AsionPak i,tan by Chemical Consultantf (Pakintan) 
Itn'ted , Lahore Augurtl 1970 

It in obvIou thlit great emphanin In being placed upon the 

incrensed Indigenouti production and Imrporta of aterlaluraw for manufacture 

of fertilIzern at thin time to natinfy the prenently entablished markets 

for fertilizer materials. This tIns been precipitated by the fact that 

prices have increated three to focr times or more on npecific items since 

1970. io.ver, particularly in the public nector, no short- or 
long-range
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plans were evident for management and umrketing of either indigenous pro­

duction or imported materials. The private sector is weLl established
 

and organized in this respect to cope with present and future problems.
 

it is also quite obvious that the entrance of the private nector (Esso
 

and Dawood-lierculas) in production and marketing In Pakista-n haft
 

dramatically increased the supply and demand for fertilizer materials.
 

Much of this succeau has been accomplished under unusual and difficult
 

situations and problema.
 

With the new production facilities and anticipated expnnsion 

of present facilities, it becomes of paramount Importance that management, 

administrative, and marketlng programs be developed on a well organized 

and timely bain. 

We undertstand that the present arrangemert provides that the 

central government will allocate fertilizer supples to the four provinces. 

The two private siector organizations will be permitted to market their 

product. in specified areas. Fertilizer produced by NFC plants and 

imported fertilizers will be marketed by provincial government organiza­

tions.
 

Some of the literature indicated that neveral hundred people 

would be employed in the public nector (provincial) mark-ting program.
 

tlowever, no information wun found n to the necensity for these people 

or the basic qualifications mandatory to perform the functions expected 

of them. 

A personal, brief diocunion with some of the marketing people 

indicated that many new employeen had little experience and others had 

some basic agricultural experience in the geograrhic area or close 
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relationships with the distribv-:, dealer, or agent. The training
 

received by these new candidates has been minimal and at times completely
 

void. In many cases the extent of the training has been to travel with
 

a representative for a period of two or three weeks.
 

For the public sector to be competitive and be able to suc­

cessfully 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

tion and conducting educational/sales meetings, advertising, sales promotion,
 

credit, pricing strategy, assisting his customers in maximizing profits,
 

planning distribution and storage, ecc.
 

The private sector in Pakistan has focused heavily on training
 

t personnel in marketing. A great amount of their success must be
 

attributed to this effort.
 

At present, the most serioua problem is the lack of sufficient
 

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. Expansions are 

also proposed at Daud Khel, 'iyllpur, and the Ilaripur area. With the pro­

posed expanaon a-,d present facilities, 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 thc plants and of fertilizer 

products to farmers.
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Recommendations 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 produc.s for NFC plants. Its
 

purpose would be to provide timely, effi-ient 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 storage 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 provincial control of marketing,
 

NFC must work closely with the provincial marketing organizations to
 

achieve an orderly, efficient distribution system. A recommended
 

alternative is that NFC should market its own products t- eliminate
 

duplication of effort and personnel. The present decentralized marketing
 

system is likely to involve many problems in coordination of production,
 

inventoiies, transportation, storage, and cost control. 1Mnagement,
 

administration, and marketing are a team effort. When fragmented,
 

serious problems are likely.
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4) A well-trained marketing organization is important
 
whether this organization is part of NFC, as recommended above, or
 
a function of the provinces as at present. 
Promising individuals
 
should be selected for extensive training after which they could
 
act as instructors for training new personnel. 
 If NFC markets
 
its products, it should establish ax3d train a marketing group which
 
should work closely with the procurement and distribution group. 
If
 
marketing is done by the provinces, there should be close coordina­
tion between NFC and provincial marketing personnel.
 

5) At some stage of developivo the NFC organization, it,
 
may be advisable to have product managars who are entirely respon­
sib'.c for their specific production promoticn, production coordina­
tioai, allocation&, and keeping management and field force constantly
 
Informed of the latest developmerts regarding specific products.
 
This arrangement may become useful when new products, such Lis
 

nitrophosphates are produced.
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.The team fully recognizes that these recommendations are not
 

within the scope of the original and basic assignment. From our brief
 

exposure to personnel, literature, and studies provided, we hope that
 

some contribution will be made to make NFC a great success at an earlier
 

date.
 

Conclusions and Recommendations Concerning Short-Term Problems
 

Supfrphosphate
 

Sulfur Supply - The present situation in which superphosphate
 

plants are idle for several months at a time for lack of sulfur should be
 

correpted. At present sulfur j.nd most other imported materials) are
 

provided by the Trading Corporation of Pakistan, an agency of the central
 

government. Preferably NFC should appoint a specialized procurement
 

officer with responsibility for ensuring adequate, continuous oupplies
 

of raw materials at minimum cost. He should arrange contracts and
 

expedite shipments through direct contact with suppliers and shippers.
 

Ifnecessary, the procurement officer could work with the Trading
 

Corporation of Pakistan although independent procurement by NFC would
 

seem preferable.
 

The present high price of sulfur delivered to Karachi is mainly
 

due to high freight costs from sunth remote sources as Canada and Poland.
 

..ossib!lityof nearby sources.suchas, ran and Iraq shouldbe 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. Whlle this
 

is 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
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gradi and would produce higher grade superphosphate. The economics of
 

using rock from various sources should,be'evaluated with due regard to the
 

grade of the rock and the product.
 

Bag Rot - Deterioration of bags is due to the free acid content
 

of superphosphate. It can be prevented by neutralization of free acid
 

with ammonia, ground limestone, or dolomite. However, each of these methods
 

causes some loss of water solubility. It is suggested that superphosphate
 

be sold on the basis of available (citrate soluble) P205 content rather
 

than water soluble. However, since a high water soluble Pk05 content is
 

agronomically desirable 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 content at a low level may 'je 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-theufacilities,are already available. 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 rock samples (see appendix II) showed that the rock
 

must be ground to 100 mesh to free phosphate pellets from their siliceous
 

coal.ing. However, finer grinding may be necessary to ensure a satisfactory
 

rate Gf reaction in superphospahte production.
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in supplying Pakistan's needs and generating capital for further improve­

tents. At first only high grade rock may be used, but any lower grade
 

rock that is mined concurrently should be stockpiled for later use.
 

Exploratlon Phould be intenaiffd in all areap, including those
 

not presently active. Whenever sufficient reserves are located, benefi­

ciation testa should be carried out to define the economics of upgrading
 

lower grade rock.
 

At iipproprltte times, Pakistan shculd arrange for consultants 

in exploriltlon, mining, and beneficlation. Such consultants should have 

experience with U.S. Weotern States phosphate rock operations where the 

deposits are generally oimilar to those in Pakistan. 

In due ilme consideration should be given to securing the services 

of an experiktced ninlng company, especially when underground mining becomes 

neceavary, providvd that further exploration shows sufficient reserves to 

warrant ttch operations. 

The team has not. seen evidence of sufficient minable and usable 

reserves to i'ittify construction of the plant proposed by the Sarhad 

Development Authority. However, nsauming the conditions set forth in the 

Tender Specifications by SDA, ouch a plant would be economically feasible.* 

We, wiggent that more emphasis be placed on beneficiation and 

lens on fitdtng high grade rock. Most of the world's major producers 

mtnia relatlively low grade rock and beteficiate it. For instance, Florida, 

rock nn minvd riay 1), 15% to 20% P205 , North Carolina about 20%, western 

rock 20% to )07,,mid In Brazil grades as low as 6% to 10% P205 are being 

auccensrully ut I II zred. 

*Production of 90,000 tons/year of P205 as phosphoric acid, part sold to PFC, 

part convartod to TSP or DAP; $30/ton cost of rock and $60/ton cost of sulfur, 
doltwVred to plant #ite near Ilaripur. Estimated production cost of TSP, 
about $100/ton bulk. 



Tests of utilization of rock in various processes should be carrii
 

out when representative samples are available. 
The processes should includi
 

nitrophosphate, phosphoric ucid, DAP, TSP, and superphosphate.
 

The possibility of utilizing Hazara rock and electric power from
 

the Tarbela Dam to produce phosphorus and phosphoric acid should be studied,
 

The products would be useful for producing detergents, animal 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 propc
 

SDA-PFC complex with a view to supplying more of Pakistan's future needs and
 

exporting some of the phosphate fertilizer products to Afghanistan and perha
 

other nearby countries.
 

Recommendation for Long-Range Plannins
 

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
 

probably uould require a team of three or four experts for a period of at
 

least fiv0'months, of which one month should be spent in Pakistan. 
The 

team should include a fertilizer production technologist, an economist, a 

marketing aud distribtion analyst, and perhaps a mining engineer. 

It would be very helpful if ipore information could be made avail­
gi coicerning indigotibiphosphate rock :bef~re or diri 'h&'team's viit'. 

Access to the principal phosphate sites should be provided. Representative
 

samples from the principal reserves should be provided for characteriza­

tion and assessment of amenability to beneficiation processes. These
 

should include samples from areas not now under active study. 
Preferably
 

much of the work shodld be done before the team's visit.
 



The team should prerare a preliminary report prior to its visit
 

as a
 to Pakistanj utilizing available information. This reporti.ll sertv 


working document 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 involved 
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 
liquid nitrogen
 

materials to the soil or to irrigation water.
 

6) Possibility of utilizing indigenous suliur 
materials such as volcanic
 

The vast, easily mined gypsum and anhydrite
sulfur in Baluchistan or pyrites. 


deposits near Daud Khel suggest that production 
of sulfuric acid and cement
 

may be economically feasible, with use of the 
sulfuric acid for phosphate
 

The future price and supply of sulfur on the world
 fertilizer production. 


However, the inland location of
 market will have a bearing on this study. 


the delivered cost of sulfur
 phosphate deposits and market area inc -eases 


and.favors use of localmaterials..
r 


ssibility of electric furnace production of
 -
7) Evaluation of thb 


phosphorus and phosphoric acid at Tarbela.
 

8) Evaluation of phosphate rocks for use ir nitrophosphate processes.
 

Hazara rock may

Jordan rock may cause corrosion due to chloride content. 


also contain chlorides, and the silica content 
might require a silica sep­

afation step in the process. (These studies might be done by NFC or CCL).
 

http:reporti.ll
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9) Possible production of straight ammonium nitrate (34% 14) rather 

than ANL (26% A) at Multan. 

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

or compounds.
 

11) Assessment of agronomic needs for nitrogen, phcsphorus, sulfur,
 

potash, and correction of saline and alkaline soil conditions.
 

12) In the event that indigenous rock phosphate appearo inadequate or
 

uneconomical, evaluate the economics of production of phosphate fertilizers
 

frot imported raw material vs. imported intermediates (such as phosphoric
 

Acid) 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. Sbarwani, General Manager, Pak-American Fertilizer Ltd.
 

Mr. ',ohammad Nasir Butt, Assistant Chief Engineer, Pak-American Fertilizer
 

Ltd.
 

rir. Ahmad Shah Nawaz, Managing Director, Chemical Consultants (Pak) Ltd.
 

Mr. Changez Shuja, Marketing Manager, Dawood-Hercules Chemicals Ltd.
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Appendix II
 

CHARACTERIZATION OF PHOSPPATE ROCKS
 
FROM THE HAZARA DISTRICT, MIRPUR AREA
 

PAKISTAN
 

by
 

L. Ray Gremillion, Guerry 11. 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 80% apatite and 20% silica. The phosphate particles are cemented
 

with and their surfaces are penetrated by silica cement. The silica can­

not be removed by physical beneficiation. Floatation is not pra-tical
 

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 if the apatite is to be extracted from the unbeneficiated rock to
 

produce phosphoric acid. A preliminary calculation shows that a 44%
 

P205 triple superphosphate can be prepared by mixing about 60% merchant­

grade acid with 40% unbeneficiated rock.
 

The characterization of the apatites in the two rocks show that
 

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. 11.McClellan, Jaa1uary 1971) three samples
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submitted by M. C. Manderson (letter, M. C. Manderson to T. P. Hignett,
 

December 16, 1970) from the Hazara Area, Pakistan, were described as
 

having significantly different textural and mineralogical characteristics
 

More precise geographic and
from the ones described in this report. 


geologic descripticns of pho'sphate 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 preliminry characterization be made of two phosphate
 

rock samples which were sent to TVA by J. G. Unti, Agriculture Economics
 

Mr. Unti had received the samples from
Adviser, Islamabad, Pakistan. 


Dr. A. K. Qureshi, General Manager, National Fertilizer Corporatiou 
of
 

to Unti, no
Pakistan Limited. In Qureshi's letter of June 15, 1974, 


to wherr" the rocks were collected; however, tags
mention was made as 


inuide the sample bags indicated that both rocks were from the Mirpur
 

area in Pakistan. One sample was labeled as a channel sample and the
 

The purpose of
other was labeled as a representative bulk sample. 


studying these rocks was to determine their iuizability for the production
 

of phosphoric acid or triple superphosphate.
 

,Each of the two,phosphate rock samples from the Hazara District
 

One was a channel sample (our reference No.
weighed about 4 kilograms. 


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
 

It was suggested
as a composite from seven pits of the Kakul Hill Mines. 


that we examine the rock to see if it was similar to the first two and,
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.7 so, not to study it. X-ray and petrographic analyses showed that HR-556
 

-had the sate type'of apattte'as well as the same textural and mineralog.cal,-4 

composite as MR-55:1 and MR-553. Kakul phosphate has been previously 

described as containing dolomite as a major impurity, but a careful 

petrographic examination of thia rock showed that dolomite was not present.
 

Since this rock was not significantly different from the Mirpur rocks, no
 

further work wns done on MR-556.
 

Mineralogical Characterization: The two phosphate rock samples
 

have very simple eo.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.rocks.in"..
 

between 76% and 78% and the silica content is between 17% and 19%. Small
 

amounts of clay, limonite and heavy minerals constitute the remainder of
 

the samples.
 

Testing: Both rocks consist of pelletal apatite whose average
 

size is about 0.5 mm. The pellets are cemented with silica which 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
 

-iuithe'izocka 1asiltnsess"c*This-chertziSeastimated; to comprise about 252, 

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
 

http:both.rocks.in
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between the apatite pellets. Most of the quartz is free, but a small
 

percentage (<0.5% of total silica 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 average diameter),
 

only about 10%-15% of the phosphate was soluble in H2So4' The samples had
 

to be ground to -100 mesh (0.15 mm) in order to assure a nearly complete
 

extraction of the phosphate.
 

The ground phosphate particles characteristically retained portions
 

of the chert matrix tightly bonded to their surfaces. Because of this tightly
 

bonded condition, the prospects for releasing the pelletal apatite grains by
 

grinding does not appear promising. Because of the 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 ptosphate
 

pellets during grinding would make beneficiation by floatation 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
 

with a low degree of 3ubstitution Gf carbonate for phosphate. The approximate
 

compositions of the apatites were determined from the crystallographic unit­

• ell dimensibnis obtb.iihed by, x-ray pow4ari diffraction and from ;established 

corrklations of thes., parameters with crystal chemical composition. The 

empirical compositions of the apatites as represented by the formula 

CaNa Mg (P) F F
C10-(a+b) 
ab O46-x 0.4x 2
 

were derived irom the x-ray data shown in the tabulation.
 

Unit-cell dimensions
 
Sample a c 

MR-552 9.360 6.889 
MR-553 9.359 6.889 
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From statistical models correlating unit-cell parameters with
 

apatite crystal chemical composition, the apatites in these samples can
 

be shown to correspond approximately to the empirical formulas: 

Stoichiometric
 
P,O content, %
 

MR-552 Ca9.87ga0.09gO. 0 4 (P 4 ) 5 .6 1 (C03 ) 0 . 3 9 F2 .1 5 39.99 
"16  
MR-553 Ca 86Na 10Mg0"04 (P04)5"59(C03)0"41F2 39.84 

Chemical Characterization of Ores: The chemical compositions 

of the two phosphate ores are showa in Table I. The ratio of the P2 05 

content of the rock to that 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 

CaO 42.7 42.2
31.0 30.3 

Ca51.0 1.1 
F 2 3.2 3.2 
Na 0 0.21 0.24 
M98 0.16 0.13 
Sio 17.0 18.4 
A12 1.4 1.2 
Fe 03 1.0 0.8 

2'0.41 0.37 
Total S 0.15 0.17 
SO4 S Nil Nil 
Cl 0.02 0.03 
Acid IMdols 20.S 22.2. 
NAC sol. "P2 05 2,,5 2.6 
% Apatite 77.5 76.1
 

chert and chalcedony plus the clay and limonite contents of the rock.
 

http:C03)0.39


- 44 -

Conmuents: Mr. Hignett has indicated that Pakistan is interested
 

injroducing phosphoric acid or triple superphosphato from the phosphate
 

deposits in the Hazara District. This report shows that theue rocks
 

should be amendable to the production of these fertilizer products.
 

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

technology.
 

Thesi 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 thin ore. It is
 

possible, for example, that floatation may not be necessary before acidu­

lation. In fact, flodtation woild be undesirable because of the intimate
 

aseociation between the apatite and the silica. Floatation of the silica
 

would require fine grinding and would result in objectionably large losses
 

The small size of the apatite pellets and the penetration
of P205 as slimes. 


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 to acid extraction and thus, that the ore,
 

even without beneficiation, may be suitable for the production of wet-process
 

acid. This w5id, of course, require that 20% more raw material be handled
 

iIpDs articularly:duringfiltration. 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 in removable for acid
 

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