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1. BACXGROUND

Regular byl shipments of paosploric acid by tanker were
initiated in 1969 whan the FFM Vassijaure carried its first cargo
beiwean Coatzacoalcos, Mexico and Rotierdam, Holland. Apart
from the technical achtevemom of its voyage, its importance alsg
| lies in the fact that this i3 the firs: time that an off~-shore supplier
of phosphoric acid has ever attamp:od to penetrats an established

and stable market with imports .,

o The ugaiﬁcor.co of th.s advance can be aun in mny oountries
today where the larger fertiliger mmmwm are now ooaploung
their cuouhttom on whether to "make or buy* tntemoduto raw
uumx- such as anhydrous &mmonia and phosphoric acid, partioularly
when an mcruu in present phnt ocpactty is planned or a new venture
is omnuqod |

8ince this firs: shipment on the M/V PPM Vassijaure, other
" nlnMu bave been made to Zurope and Australia.

Ponutumu Fosfatados Muuum. 8.A. (mo, 0w has two
M ohips taroguhr Operation and by early 1971 will have four

tankers npp;m such eountries as Holland, France, Belgium,
England, India, Italy, Austreliy, Brasil, Eouador and the U.8.A.




This nm.pmldn added assurance that continuous and dependable
deliveries may be expected by FFM phosphoric acid customers.

To be able to take maximum advantage of such shipments,

the buyer must have access to a deep water harbour (34 feet) snd of
oourse, have built a receiving terminal capable of holding a full
shipload (23, 000 metric tons of phosphoric scid). Other combinations
oan be worked out, such as partisl shipments into smhiler terminals
provided that more than one client is on the same shipping route. Or,
if a tanker is partially loaded a higher per ton freight rate applies.

The conqept of msrketing phosphoric acid in ocean going ship~

ments u' successful when the above is available and the following
premises also hold true for the user of the product.

1. ‘He 1s obliged to import phosphate rock or to buy expensive
locally produced rock. One ton of P20S in phosphoric acid
corresponds to approximately 3.4 tons of rook.

3. He is obliged to import sulphur. Approximately 0.985 tons
of sulphur correspond to one ton of P205S. Sulphur and
rock freight volume is more than twice that for equivalent
P20OS in phosphoric acid.

3. His P203$ requirements are not iarge enough . to allow him
any oost savings by scale of manufacture (approximately
300,000 metric tons P20S per year is now generally
oconsidered sn economic uniy) .

4. MNis forecest requirements are such that he cannot justify

&n installed production facility opersting at 100% capaciy




wmun the first several years of operation. Purchased
phuphoﬂc acid provides flexibility in quantities received
as uquttnd ldle plant Capacity is avoided.

FPM with their plant at Coatzacoalcos have an installed cape-
oity of 400,000 metric tons P20S per year. The plant 1s situated on
deep water and has a sulphur source with abundant reserves close by,
Phosphate rock has to be imported.

One of the inherent probiems with fertilizer grade phosphorio
acid has hunthodommonououdclmathoccuumlmm
handling. This umnymmﬁuucmmnu Morida
type rock.

IPM has installed, within its manufacturing facilities, the
abllity to cool. &ge and clarify the fintshed acid before shipment,
thonbyanthntholhtmmdth‘mmnmmhowa
minimum solids problem upon receipt and subsequent usage.

Experience to date has shown that this *solids® problem
hnbogalol\nd mmmuctwommm.

2. MAMUPACTURING PROCESS

A. Ragk Pranasation

Mnmuwwmmutmmw
large bulk carriers ao,ooonmm.qummmmm
90ar. The rock is discharged at F7M's privately owned dook and 1s
mm».m-mmmwuuwumm.m
metric tons.

Generally spéaking, the reck that is purchased requires
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further grinding t0 obtain the maximum recovery of P205 and to ensure
eoed prodution sontrel. Large hall mills are used fec the finel
grind to produce a material which passes 60 % through 100 Tyler mesh
soreen.

A typical flowsheet is shown in Figure 1.

™ Sulaburic Acid Facilitias

The company has built two Wellman-Lord contact suiphuric
ecid plants buming Prasch sulphur.

hchoﬁhuo;hnu is rated st 1,500 metric tons per dey of
100% H3804.

AWMu«uommnmn.

Molten sulphur asrives at the plant by road trucks and is
discharged into an underground pit.

lpictol demister devices on the ensuring exhaust stacks
ensure that the gases leaving the plant contain a minimum of sulphur
trionide and sulphuric acid emission.

The strenght of acid produced can be either 96 % or 98 % M2804

f“unundeuuam. Waste heat bollers preduce

mm'at $00 psig and 33 peig st a rate of ene ton of steem per
ton of NESO4¢ produced .
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() Digestion and Fijyation
Th§ digestion of the ground rock with sulphuric acid is
carried out In two trains, Each of these trains is o conventional
Prayon dihydrete phosphoric acid plant producing 30% P20S acid from
~ the filter, |

Sulphuric acid ig first diluted down o 53% Hi804 and the

heat of dilution i3 removed by 4 kaibate cocler.,

A typical flbwsheet 13 shown in Figure 1i],

This dilute sulphuric azid is then pussed to the first and
sacond digestion compartments. The split between the amount going
to the first and the second compértmont is dependent upon the grede
of rook being used.

The ground phosphate roek is weighed on a batch weigher and
then sent by a screw oonveyor to the first dijestion compartment
<t the same time weak recycle phosphoric acid trom the Prayon uppln'
pan filter is also introduced into the firse digestion compartment.

It is lmponant to control acourately the phosphate rock feed
(0.8%) and tho sulphuric acid feed 0.5 %) so that the relative rates
- can be oontrolled (o maintain the free sulphuric acid in the ensuing
reaction lluny botw«n 2% and 2.5% by weight,

lcud upon poriodtc sulphate analysis by the omm. the
sulm acid feed is odjuated to maintain these desired conditions ,
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Dilute sulphuric acid u Preferred in this process since high
Mum of sulphurie acid result in oosting she unrescted
rock with gypsum and thereby decreasing the P20§ recovery.

&

Slnoo this rucuoﬂ i» cxothmutc. the heat of resetion has 0
be mumwcmxm reaction temperature. This is [
complished by Pumping the resction slury to a vacuum oooler. The

®

Ceon OGNV aeeend G Wekew vo v MOGEL Ly ~ sbn el WG ad Uiy Ssi?

ELC stainless aml with & total ares of 1,700 square {eet.

The filtur g Compriged of individus! “orizontal celis, each of
which (s Supported by bearings, which in turn are {astened to o Imo

monolithic routmc feame.

The cells &e pijpoci too ocentral manifold by mesns of flexibio
hosca. Tals head of this centrai nanifold rotates \vlih the celis whilst
the undomesth valve remaing Siationary. This cuom for the different
wash waters 1o be collected separamily, -

e eolh. mw wm\ the umung frame, pass succoulnly
beneath t:e slurry {eed hamwumhm mt.oa omryu
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M » uuh mﬁv in the cell before vaouum is .»u.a. Wash

water is fod via tho first vonh bex. The resulting wash is collected

e R w3 T T S .
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and fod to the second wash box. This wash in turn is coliected and

fod 0 the third wash box. This wash is ocollected and pumped back

o T e i o

0 the first digestion compartment.
The washed cake is rotated mndwunmodupodm.

it

- whete the oell is inverted, compressed air is blown from thd under-

side of the cloth through the ceatral valve, and the cake is ejected
from the oell. '
This gypsum eok; is then washed down 8 chute with sea

_ water ond pumped 10 the gYpsum disposal system.
A.awmmmmﬂuampréuuwmw
| plant is the large quantitites of coeling water required for the verious

‘ beremetric condensers osupled with the disposal of the by-product |
! FFM solved these problems by utilising sed water wherever
pocsible and pumping the gypeum awey Fom the plant by combiniap it

with this sea water as & slurnty.

g The resultiag slurry 18 then pumped & distence of five
g Wu.wmwmmmu.mm.
;: mumudwnynm.ulhmmmm“
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8.. RIFICATION
Each of the Phosphoric acid waing incerporates a 8Gparate

clarification 8ystem. During the clarification of wet process phog-

phoric acid two ceneral types of solids are eacounterad,

(a) Initial 20lids.~ These are the inert solidg present in the

fresl.ly evaporatad acid. These solids precipitate as a
result of concerntrating pPhosphoric acid With an excess of

sulphuric acid,

This condition is cesirable since these solids, largely
gypsum, coatain little or no P20s and are immediately

available for remowval.

) =precip: = These solids mainly irom and
aluminum sludge precipitate with time and Co0ling sometime
after evaporation. On ooncentration, the acid becomes super-
saturated with Pe ¢+ and Al v¢e, P=, otc. The ocompeunds
Post-precipitating are about 50% P20S.

This sludge is removed by subjeeting the 46id 19 2 series of
ooling, ageing and oentrifuging steps.

A typical tbnnho&t is shown (n Pigure Vv,

The ‘M sludge is then sent to the Granular viple Super~
Phesshate plant far further prodessing.
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The clarified acid produced usually contains around 1.7%
suspended solids with very little post pracipitation. These
remaining suspended solids are extremely fine par:icles and do not

present any problems in subsequent handling and storage.

C. SIORAGE
The clarified 54 % P205 merchant grade acid is then sent to

final storage.

This consists of large rubber lined tanks (approximately 84 ft,
dumm X 40 feet high) which hold up to 10,000 metric tons of acid,
These tanks are equipped with slow moving agitators to gently stir
the soid to ensure a uniform oontent and to prevent any subsequent

butld up of solids on the tank bottom,

FFM currently has four such tanks in operation giving a total
8%0r0ge ocapacity of 40,000 metric tons of acid. However, three ad-
ditienal tanks are ourrently under construction, which will provide
& Wl of 70, 000 metric tons of acid storage at the plant.

The acid from tholq tanks is pumped directly by pipeline 10 the
M“nﬁmmummmmuwhummm

“c

3. GAPIRML CORTS AND PRODUCTION coars

It is always diftigult to gensralise on such figures since overy
huuonuudum:uoeonomtcmtm. This oan be a question of

R T WY TR v EE S I - Y U
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locating a piant in Florida to take advantage of a reiatively low cost

source of phospnate rock ,» or locating iu Mexico to take advantace

“of a relatively .ow cost source of sulpnur., If you consiuer e

procuciion costs presented ister you will sec that the two basic raw

materials represent by iar the oigges: Cost cicmentis.

ln an atiempt to be consistent with cther studies, a plant
oapacity of 200, 000 metric tons of P205 per yaar has baen choson

on @ site in Jlorida.

This assumes that tae molten sulphur will amrive by rei.oar
and that the phosphate rock will also be delivered by rail car. It
assumes minimum storage of both raw materials within the plant

site.

It agsumes a conventional contact sulphuric acid plant, dihy-
drate phosphoric acid piant with rocking grinding and evaporetors te

oonoentrate from 30% to 54 % P20S, clarification and storege of finished

praduet (one month) .

.
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Capacity 200,000 meuio tons P20S per year (600 TPD ) as
$4% P205 clarified phosphoric aeid.

Ixesass Pagilities
~ Sulphuric acid 3,800 One unit - 1,600 7D
Phospherio acid 4,700 . Onme unit - 600 TPD
Raw material handling |
and swerege | ' 1,800 Rock and sulphwr
hosk grinding 900
Phesphorie acid sterege, slarifiessien
Sad shipping - 880

row. FOR PROCESS Pm 13,10
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Otfice and service buildings 500
8hop equipment . 150
Piping 300
Power distribution 500
Mobile equipmint ' ]
TOTAL AUXILIARIES 4,650
TOTAL DIRECT COS87 16,780

Eagineering, construction and

oontractors fees : 2,500

15%
Coatingency and escalation | 22000 10%
~ TOTAL PIXED CAPITAL 21,250 .
Warking Capital | | _LM
TOTAL INVESTMENT . 24,280
QREMTING COST - WET PROCESS ACTD PLANT

+ . Capaeity 200,000 metrio tons P20§ per year. Estimated

Vo

fixed capital 21,280,000 USS.

Units '
. Units /M?T P208 tlom
Raw Materials and Suppuu neonesse -
- Phosphaterock |, . M. Tons 3.49 8.50
Sulphur . M. Tons 0.08 37.00
Electrioity XWH L3878, .. 0,008
Water = raw M. gallons 30 - 0,02
boiler feed b oers A:Mo ctllonl 1 0 1. 0.40
process M. gallons 14 0’ 0.08
'mﬂ . U B R AN mm
Operating suppuu ’ o
Maintenancs supplies 3% of direct oqet,
Mobile equipment ‘." ry n
TOTAL RAW 'MATZRIA "13 4 e |

T nos
19.30
'38.30
1,30
0.“"
0.40
0.70
0.40
3.8

— ]
.83

..O.
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Operating labour -47 man hours Ca. 4§ 1.88
Maintenance labour 2% of direct cost 1.67
Supervision and overhead :
salaries 25% of total labour .89
Fringe benefits 30% of total labour dadd4
TOTAL LABOUR o $.78
Othor; |
Texcs and insurance 2% of tixed oapital 2.12
Depraciation 10% of fixed capita] 49,60

TOTAL FACTORY COST

Genera) Zxpenses -
Admtnisration and selling
1.5 x 10 uss per year

TOTAL COST*

'rhuoutdoumucmdow,
mh‘u.lﬂ‘m
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AS you can sae from e Graph I that if you consider @ plani
10 manufacture 100 metwic tons P205 per Gay with the san.a raw raterial
COsts &s sssumed icr Flerida, thea the increased production cbsts would
be approximately 20 U3Y/MTP20S5.

if we now assunme a locsiuon such as India where both sulohur
ana rock hava to ke {mported and taat the deliverea CiP prices for ti.ese

ra&wW na.e lals are:;

Sulshar 35 $/MT FC3
Fraignt i2
Storaga ana randling S

N 752.0 §/MT
Phospnate rock 6.0 $/MT FOB Tampa
Freight 12.0
Storage and harciing 2.0

Total Cost of rock
deiivered piant 20.04/MT

Eqmv_al.em landed

P20C5 cost usiryg

68 BPL rock (31.3% P20S) * 54.0 $/MT P20§
Then using Grapa II we can see that the total raw
material cost would be 107 $/MT P205 as compered
with §4.40 $/MT P205 {n our Fiorida location.




. I Wa 20w add s adcivions: cost W the ecciiionel procuction

Co8t, W can arrive ¢ & cos: acvaniege of approximata.y 72 US$/ M7

2208 in faveur o ina Florida producer.

Ci course ron e TErQin must b8 dcdugied the Scst el frawght
o the plani to ke pori, the cost of serminaliing in Tamg . the ocean

S aight, and thé ccst of a wrainal in Indie. These facioss will now be

In the case of F7M, tnese faciiities are en integral par: of the
plant. F?M possesses its owrn daep water port facilivies adjacent to its plant
and the final product storagse tanks sre the same as the Wading out tanks
for the ship. |

In other cases one wou.d ave t0 gonsider mov.ng the procuct

frox the plant to a termizal alongside a deep water aock.

To consicer loading a ship with 23,000 mezric wns of phosphorie

acld solution one wouic neec {hree large storage tanks. These tanks
could be mild stesl, rubber iined and fitted with agitators. Intercone=

seciing pipewerk and umps would se nesded with sufficieat eapacity
W :0ad a ship within 24 heurs. Typical capital investment figures %oc
& teminal n Tampa, Plorida would be as foliows;
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Tarce storaga zea evl, 0560

[ %]

Agizatess 173,003
Dikes 1G, 300
Pouncations 50,300
Pumzs 20,300
Piping aad valves | 100, 8¢
Zilecurical 23,6030
373,000

Sacinearing 15% 146,000
Contractors fea 5% 43,000
Contingency 153,000
TOTAL 1,326,000

The contingency has bean deiiberately inflatad to ailow for any
piling of icundatiens or io- an u'.cuau in the length of the loading line
from the tarks to the ship,

If we now assume that tha whole 230,000 metric tons o 2208
would be exported ‘through such a temxml. then we could expest the
fellowing operating cos:s: '

3/MT P20S

Labour = 4 men/var Ca. 8,000 $ca.= 0.15

Maintenarce~ ;¢ inswlied oost 0.39




Electricity - Ca. 0.008 $/KWH
Leasing land and dock

Taxes and insurance 2 % of

installed cost 0.13
Depreciation 10 years 0.65
Overhead 100 % operating labour 0.15
Interest 10 % on { of installed cost 0.33
R.O.I. on } installed cost Ca. 20% 0.66

TOTAL 2.49
(2) TMANARORT FACILITIES
PFM will have Ly the end of 1970 a fleet of three tankers in
\

eperation, and by the end of 1971 a fleet of five tankers .

Each of these ships is capable of carrying a minimum of 23,000
metric tons of acid. Such a cargo will require a port draft of 34 feet.

The sh;n employed by FFM are on long term charter from the
Grenglsberg Company in Stwckholm, Sweden. These ships are converted
ere carriers.

" T™he cargo nks are lined with stainless steal and they are
oquipped with reciroulation equipment and heating coils. The overall
dimensions of & typloal ship are: Leaght: §95 fi. - Breadth: 74 ft.

They have six separate compartments and ocould carry partial loads of
Mm a0id along with other liquid preducts, or various grades of
phosphoric actd. This latter point could be tmportant to smaller custOmer
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since FFM will have available noxt year four different grades of

phosphoric acid. These dtz‘ erent grades will enable producers

to oonsider the manufacture of dry fertilisers such as triple super~
Phosphate and ammonium phosphate liquid fertilisers such as
11=37-0, sodium tripolyphosphate for detergents or other industrial’
phosphates and animal feed phosphates.

The capital cost and operating costs for this type of ship has
% remain confidential, but it can be stated that this freight cost is
sufficiently atwractive to PFM to have convinced them that the oen-
oept of moving merchant grade phosphoric acid around the werld ia
large tankers out of Mexico 1s a feasible proposition.

(9 UMLOADING FPACILITIES

To obtain maximum economic advantage from this type of business
1t 18 necessary for a potential client to be able % receive a Al shipiesd
4t any ene time. 'fhu implies that he must have a torminal installation
eapable of recetving 23,000 metrio tons of phospharic soid whieh ia wra
MOAAS a1 investment very similar to the figures abwamvuubhﬂh
leading facilities in Tampa, Plorida. (Page 24).

This capital invastment of course oan be tfset sgainst aay iavesse
ment necessary to build phosphate rock handling and storage, I\lw.
handling and storage, a sulphuric acid plant and a phospheric aetd
plant along with the mouury off sites. -
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2. I8 most cages prospneric acic can oe PUIChA5EC or the same
o lowar cost price than ha couid have manucacmired pLo8shoric
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I T3 pacsphoric &cic purchacar is not sao*ccuc 0 any ci the
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6. it enables an axisting single superphoschate manufacturer
to cor.vert production faciliiias to concertrated super-
phosphate and /or NPX fertilizers for a modes: capital
outiuy anc thereby aliows him ¢ compete witk high analysis
fertilizers procucers witiin his local marketing arca.

Probasly the most d:fficult aurdle which stiil has to be over-

come is the problem of import duties, taxes ard costly port charges

levied in some couries.

Several courntrics hava an import duty cn pnosghoric acid, while
permitting tu.c duty free importation for phospnate rock and sulphur or
lower duties on manufactured solid P2U5 procucts such as MAP, DAP
and T8P. The reasoning, of cousse, iz not difficuit to understand in
countries with existing manuiac:uring facilities, since the local
producer fears competition fro.n the more economical large producer
and transporter of phospnhoric acid. However, in the interest of sup-

plying agriculture with lower cost icrtilizer products ?FM believes that

this attitude is a luxury which any nation can no longer afiord,

Today the financial probiem of cbtaining capital for investment
&t attracCtive interest rzi2s and tc a lesser cegree the availability of

foreign exchange for the purchase of phosshoric acid seems to be a

problem in some countrics.




FFM believas that the correct approach to this problem is to
encourage the developed countries who supply {ndustrial development
furcs to the developing and underdeveloped countries :o make these
funds available for the purchase of the intermed:ate fertilizers raw
materials anaydrous ammoaium and prosphoric acid from other develop-
ing oountries. This would permit two developing countries to utilize
funds granted by devaloped countries for trade betwaen themselves. In
" this way PFM believe that industrial development among developing

countries would take place at a more rapid pacae.
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