























DIABON HEAT EXCHANGER

Heat exchangers in phosphoric acid plants perform important functions as heaters, coolers, condensers,
evaporators or absorbers in various production phases, depending on the circumstances. This DIABON
heat exchangers are available in shell and tube, block or plate design. Special design features are
combined with materials with high resistance to virtually all organic and inorganic substances.
Together they ensure optimum operational reliability, high heat transfer levels and great cost-
efficiency.

SGL heat exchangers have synthetic resin-impregnated graphite tubes in standard quality (*DIABON-
NS1) or alternatively wrapped with highly pre-tensioned fibers on the outside surface (DIABON-
HF1). This is a design feature that not only brings a marked improvement in operational reliability but
also noticeably expands the range of use of shell-and-tube heat exchangers in critical applications. The
reinforcement does not impair resistance to corrosion because the chemical resistance of the
reinforcement is identical to that of synthetic resin-impregnated graphite. Owing to the extreme
elasticity of the carbon fibers the tension on the reinforcement is retained even under sharply
fluctuating load or stress surges without material fatigue. As this reinforcement with carbon fibers
markedly improves the mechanical properties of graphite components and the reliability, most
evaporators in the phosphoric acid plants are now supplied by SGL with carbon fiber-reinforced tubes
and tube sheets.

-

Fracture behavior of glass-, standard graphite tube and fiber reinforced graphite tube

DIABON P205 evaporator DIABON plate heat exchanger
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PUMPS

Pumps are imperative to circulate and transport the aggressive media sulfuric and phosphoric acids.
Corrosion resistance and reliability are the main features required. DIABON pumps meet these
demands in addition to temperature and dimensional stability. They enable pumping liquids with
volumetric flow rates from 5 to 2000 m3/h and discharge heads up to 100m. SGL pumps are fitted with
single or double mechanical seals. The first mag-driven pumps are tested and in service.

Alternative to DIABON pumps SGL can also offer exotic metal lined pumps in Titanium, Hastelloy,
Zirconium or Nickel.

The advantages are:

» most competitive manufacturing process

» materials microstructure are more homogeneous and have higher strength with better corrosion
resistance

» full vacuum design

» short delivery time

DIABON pump

SUMMARY

SGL know-how, experience and competence in corrosion resistant materials, process equipment and
services is your benefit in the phosphoric acid plant. We offer a complete system from a single source
— from optimized material selection through interface management, production, delivery and
installation right up to the warranty. You can save yourself time and trouble in the future by taking
advantage of a partner, who offers comprehensive, system-based range of products and services.



EXPANSION OF THE RICHARDS BAY DIHYDRATE PHOSPHORIC ACID
PRODUCTION COMPLEX (a)

K. Kirsten, Foskor Limited, Republic of South Africa
J. Tytgat*, SNC-Lavalin Europe, Belgium
T. Theys, Prayon, Belgium

5.2 Production data

The phosphoric acid plant was mechanically completed during Q3 2002. Full weak acid production
was progressively started on one belt filter at a time until all three were operating smoothly in parallel.
The concentration unit and the merchant acid production were put into service shortly after weak acid
production started.

The Performance Test (PT) was successfully finalized early November 2002.

Table 3: Production capacity

Average obtained capacity during PT | Guaranteed capacity
Weak acid 1166 MTD P,O4 1100 MTD P,Oy4
Concentration units | 2350 MTD 2195 MTD (*)

Evaporated matter Evaporated matter

(*) Due to recirculation of phosphoric acid slurry from the concentrated clarifier, the average
concentration of weak acid, fed to the concentration unit, is increased from 27 up to about 29,4% P,Os.

However, the design capacity is based on the quantity of matters to be evaporated based on the
nominal capacity of 1,100 MTD starting from 26% P,O..

Table 4: Analysis of Phosphoric Acid

Average Chemical Analysis during the Performance Test: % weight on solids free basis

Weak Acid ex-filters Merchant grade acid ex final settler
P,0; 27.05 54.47
CaO 0.30 -
SO, 1.75 2.22
F 1.65 0.27
Solids - 0.25 (1)
Temperature About 65 °C 43.8 °C

(1) While using flocculant in the clarifiers

The concentrated acid leaving the export tanks is per the merchant acid quality standards imposed by
Foskor limited:

- Min 54% P,O;
- Max 0.6% solids
- Max 45 °C (or max 35 °C depending on shipping requirements)

*Process Engineer - Proposal Manager
Email: jan.tytgat@be.snclavalin.com
Email: philippe.agosti@be.snclavalin.com
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DEVELOPMENT OF A METHOD OF A COMPLEX ESTIMATION AND
CLASSIFICATION OF BIOLOGICAL AND ECOLOGICAL HAZARDS
ASSOCIATED WITH PHOSPHATE ROCK AND FERTILIZERS.

Boris Levin, Research Institute for Fertilizers, PhosAgro, Moscow, Russia (a)

The method of estimating biological and ecological risks associated with phosphate rock is based
upon the components transmitted through the circuits up to the foodstuffs. The method allows
classification of the hazards associated with the commercial grades of phosphate rock and their
products. The method takes into account the complex ecological hazards of phosphate rock and its
products on the basis of two cycles of pollution: in agricultural soils (1) and surface and ground waters
(2) (Fig.1). In this respect, the danger of the second cycle of pollution is incomparably higher, than that
of the first cycle due to stricter sanitary requirements. The offered method is based on fundamental
data of toxicity of chemical elements accumulated by biochemistry, agrochemistry and medicine, and
1s open for new inquiry.

removal and depositing
of technological waste
(phosphoric gypsum,
sulphur waste)

(<D

foogdstuffs drinking \Mﬁtur

/|

processing of
animal raw
materials

processing of
processing plant raw
materials

water

production
phosphgf‘c raw’ ‘gulphur raw M =
materials materials farmland
river
ground b =
other fertilizer types waters asin

(sewage sludge, etc.)

|::} 1-st pollution cycle

Fig. 1. General diagram on transmission of harmful impurities. == Znd pollution cycle

There are two basic reasons for the urgency to derive a complex and accurate estimation of ecological
and biodanger of phosphate rock and its products:

1. The leading manufacturers in the advanced countries are orientating towards a high standard in
the field of environment and safety for the human health.

Email:Levin@agrofinprom.ru 69
(a) Received on: 13/12/2002



2. An enormous database on toxicity of chemical elements and compounds has been accumulated
that allows the creation of a complex method of relative classification of products,
intermediates and raw materials by criteria of ecological and biodanger.

Additionally, there is extensive practical experience in the field of processing phosphate rock by acid
methods developed by the foremost engineering companies(Prayon, Rhone Poulenc / Krebs /
Speichim, IMI, Norsk Hydro, etc.). Transmission of the basic and impurity components during
sulphuric acid decomposition of the phosphate rock has been investigated in detail (table 1). The share
of such acid decomposition is more than 85 % of the world production of phosphorus fertilizers. The
lack of data concerning impurity distribution for nitric and hydrochloric acid decomposition can be
easily compensated by analytical researches.

The method of the estimation of the ecological and biodanger of phosphate rock should correspond to
the below requirements:

1. To integrate approach and to take into account the influence of all toxic elements;

2. To be based on the authentic and representative data on chemical structure of phosphate rock,
toxicity of elements, extreme allowable concentration in ground, water, foodstuffs, and
parameters of distribution of elements during processing;

To have heuristic properties, that can be revamped and be adaptive to new data and knowledge;

4. To be simple and verifiable, i.e. available for checking the relative biodanger of phosphorus
fertilizers by accessible methods.

Recently there is too much attention concentrated on the problem with cadmium. Certainly, this
problem have an objective basis, but it results in an unjustified increase of risk from other toxic
elements and put out of focus other elements, which are not less dangerous.

The analysis of the special literature, devoted to questions of human resistance against influence of
hazardous elements, allows allocation of groups of chemical elements on the degree of toxicity upon
man. Practically all specified toxically elements are present in commercial grades of phosphate rock
and appropriately in the products after their processing.

Table 1. Distribution indexes for impurities in by-products and finished products at sulphuric acid
decomposition.

Elements Apatite Phospharite
Cd ~60 50-80
Hg ~20 ~10
As ~80 70-90
Pb 20-30 10-20
5Sr ~3
Cu ~40 B0
Mi ~75 ~50
Zn 30-35 50-86
Co ~60
Cr ~80 G0
v ~30
Mn ~90
F ~55 40-60
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Further these elements together with useful nutritious components (N, P205, K20) pass into the soil
solutions and are distributed on a circuit: partially acquired by plants, partially immobilized by organic
part of the soil, partially in ground and superficial waters. Thus, it is necessary to a complex estimation
of the biodanger phosphate raw material to reflect real depots - stores that are in contact with alive
organisms. For the most widespread types of fertilizers (MAP, DAP, NPK) the key feature is the
presence of toxic elements in their active form as against chemically or mechanically immobilized in
phosphate rock.

The algorithm of an estimation of various types of phosphorus fertilizers toxicity (from ordinary up to
complex), after taking into account the entry of toxic elements not only from phosphate rock is given
in Fig. 2.

Fig. 2. The algorithm of the estimation of various type phosphorus fertilizers toxicity.
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To summarize the source of pollution of fertilizers it is necessary to include sulphur raw material
(pyrites, the natural sulphur), potassium raw material (potassium chloride, potassium sulphate), and
nitric raw material and intermediate products (ammonium sulphate, ammonia, nitric acid). Thus the
integrated index of the phosphorus fertilizers toxicity is as follows:

It = (I suiphur + I phosphate + I mor, sop + I n) raw material

In this work a limiting case is considered, when the integrated factor is determined by an extreme
index of phosphate rock toxicity. The legitimacy of such approach is proven by that in the general case
Ir2Iphosphate raw materiat in which both requirements: cleanliness and the safety of the phosphate raw
material, should be set by rigid, limiting criterion.

Applying the general approach to an estimate for the biodanger of raw material, in the case of
phosphate raw material the following criteria are used:

1. Pollution cycle: soil — agricultural products — foodstuffs.

m X x; Cif/ MCL s0it

C P20
m — input indices of phosphate raw material for fertilizer production, t/t;
Ci — concentration of i-element in phosphate rock, mg/kg;
xi — distribution index for impurities in by-products and finished products (table 1);
N P205 — concentration of the P205 component in phosphate rock;
MCLi soil — maximum concentration level of i-element in soil, mg/kg;

2. Pollution cycle: soil — ground water — surface water — drinking water.

m E xi Cif MCLj water

MCLi water — maximum concentration level of i-element in water, mg/kg.

The data used are given in the Table 2, or are taken from the open publications and certificates of the
companies - producers of the commercial grades of phosphate raw material. The overall results are
shown in Fig. 3.

The calculation of the integral index of biological toxicity helps make up 3 groups of phosphate rocks:

1. Phosphate rocks with a low level of toxicity. They include apatite concentrates from Russia
(JSC Apatit, Kovdor benefication plant), South Africa (Phalaborwa). This group is regarded as
the elite. To process these rocks various well-known technologies and equipment can be used
without any restrictions or additional removal technologies for harmful impurities. The value of
the rocks is increasing today as a result of tighter environmental control.

2. Phosphate rocks with a moderate toxicity level. They include phosphorites of medium grade
from Jordan, Morocco and USA. To meet environmental requirements in countries with strict
regulations these rocks should be treated additionally to reduce the concentration of
contaminants. Application of removal technologies involves a rise in operating costs.

3. Phosphate rocks with a high level of toxicity. These are low-grade phosphates from Tunisia,
Algeria and high-grade rocks from Togo, Senegal, and Morocco. Fertilizers traditionally
produced fall short of the safety requirements in economically advanced countries. To meet
these environmental standards the purification of finished products is needed with expensive
technologies employed (ion exchange, ion flotation, etc.)
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Table 2. Concentrations of hazardous elements in phosphate rocks taken into account, ppm
Moroceo Togo | Senegal Jordan Tunisia | Algeria LS4 Israel Syria Russia South Africa
& & m £ E " w 3
& g = - & T g i E ¥ 2 E
1 cd 34,1 12,8 as,8 73,0 5.5 5.4 34,1 15,3 9.4 23,0 13,0 0,1 0,8 1.8
2 Ha 0,1 0,1 0,3 0,0 0,2 0,1 2,2 0,1 0,5 0,1 0,0 0,1 0,2
a As 5.8 a4 3,0 6,0 12,2 16,7 12,5 a7 4,0 20,0 0,6 2,7 9,3
4 Phb i,0 2.4 4.8 3.4 6,5 7.7 11,0 18,0 4,0 6,5 1,3 6,1 11,8
5 Cr 130,00 | 3000 | 30,0 70,0 75,0 80,0 81,0 200,0 91,0 &0,0 2,5 30,0 8,0
] Sb - - 12,0 - 1,5 2,7 -
7 Ba 100,0 - - B50,0 300,0 -
] F* 4.2 4.0 3.8 3,7 3.8 3,8 4,0 3,5 3,8 3,5 3,5 31 1,0 7.4
] Cu 14,0 43,0 60,0 21,0 20,0 235 19,8 9.0 30,0 20,0 46,0 20,0 120,0
10 Mi 40,0 41,0 40,0 11,0 5.3 28,0 18,6 an,0n 35,0 59,0 7.9 21,0 27,3
11 Zn 90,0 230,0 - 150,0 230,0 2600 | 1850 95,0 400,0 330,0 26,0 50,0 14,0
12| cCe 1,0 6,0 15,5 18,0 17,0 - 8,0 4,0 5,0 -
13| Mn 200,0 200,00 | 20,0 11,6 60,0 36,0 25,0 290,0 6.0 6.5 340,0 G00,0 200,0
14 Sr 150,00 | 30,0 | 460,0 2000,0 19250 | 2022,0 - 2500,0 1900,0 28000,0 2400,0 5000,0
15 v 122,00 21,0 140,0 60,0 55,7 62,0 45,0 70,0 130,0 100,0 6,0 12,7

* concentration in %




Fig. 3. 3D - Diagram of relational classification of biological and ecological hazard of phosphate rock.
2nd pollutions cycle.
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Radioactivity is an additional factor, which helps to distinguish the 1st group from the other two. All
types of apatite concentrates have a low radioactivity level, by far lower than the levels required by
radiological safety standards. By contrast, phosphorite concentrates are enriched with radioactive
isotopes and have a high radioactivity level. Russia has enough reserves of high-quality contaminant-
free apatite concentrates to provide regions under high environmental requirements with eco-friendly
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phosphate rocks and apatite concentrate-based finished products. Apatite concentrates from Russia and
South Africa have the lowest integral toxicity and radioactivity levels of all phosphate raw materials.
Phosphate fertilizers produced meet the strictest environmental and sanitary demands without any
additional purification phases and operating costs involved. The value of apatite concentrates and their
fertilizer derivatives becomes far more evident despite their small share in world production and trade
— about 13%. Another option for the use of apatite concentrates and environmentally clean phosphate
fertilizer is an increase in capital costs to equip operating plants with additional phases for contaminant
removal and a consequent rise in operating costs.
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Presentation: Report on a workshop on ammonium nitrate organized by
the European Commission at Ispra, Italy

Hans van Balken, EFMA, Belgium (Presented by K.D. Shah)

= 7

SCOPE OF THE PRESENTATION

» INTRODUCTION
~»EU WORKSHOP ON AN
» LEGISLATION AFFECTING AN

{SHOP ON AMMONIUM NITRATE

ISPRA, ITALY »EU FERTILIZER LEGISLATION
»EU SEVESO DIRECTIVE
HANS VAN BALKEN UM TRANGECIT
> MAIN POINTS MADE BY EFMA
EFMA » CONCLUSION

112002 1

ISPRA WORKSHOP ON AN SAFETY|
PRESENTATIONS

AMMONIUM NITRATE WORKSHOP

> Ammeonium nitrate: Production & Economic
Importance. Properties & Potential
Hazards. K.Shah TerraIndustries

»A review of Past Ammonium nitrate Accidents &
Lessons Learned. D. Heather. FMA

»Ammonium Nitrate Safety Tests. J.Chys. Norsk
Hydro
»Best Practices for Storage and Handling of

Ammonium Nitrate Fertilizers.
J.A.M. van Balken EFMA

» ORGANISED BY EU COMMISSION FOLLOWING
TOULOUSE

»EXPERTS FROM MEMBER STATES AND
INDUSTRY INVITED

~»EFMA INVITED TO GIVE FOUR PAPERS

*Main points arising from the EFMA papers

(hitp:ifmahbsrv.jre.itiProceeding.html )

EC FERTILIZER LAW
ANNEX 1 DIRECTIVE 80/876 EEC

MAIN POTENTIAL HAZARDS OF AN
» POROSITY: OIL RETENTION <0.4%

»COMBUSTIBLE INGREDIENTS:

= =0.2% IF AN >31.5%

= =0.4% IF AN >28% BUT <31.5%
»pH: solution 10gr/100 ml water >4.5
»PARTICLE SIZE:

= <5% by waight through 1 mm mesh sieve

» FIRE DUE TO OXIDISING NATURE

» DECOMPOSITION

» EXPLOSION

#«3% by waight through 0.5 mm mesh sieve.
»CHLORINE: <0.02%; by welght
»HEAVY METALS:

>Not added deliberately

»Not exceeding a limit set.
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EC FERTILIZER LAW
CHANGES IN « REFONTE »

LEGISLATION: PRODUCTION
AND STORAGE

» SCOPE OF ART. ON STRAIGHT AN (>28",), WIDENED
TO STRAIGHT AND COMPOUND

» FIRST SEVESC DIRECTIVE ADOPTED IN 1982

»DESIGNED TO ADDRESS MAJOR HAZARDS FROM
CHEMICAL INDUSTRY |{SEVESO, FLIXBOROUGH)

»CHECKS ON DETONARBILITY STILL OPTICNAL BUT

WILLIBECOMEANDATCRY »REVISED A FEW TIMES, GOING THROUGH RADICAL

REVIEW
*»IT ADRESSES TO ISSUE OF TRACEABILITY

»AN WAS COVERED BY TWO ENTRIES

»S8TATUS CHANGE FROM DIRECTIVE INTQ
REGULATION

COMAH DIRECTIVE
COMAH (SEVESQ Il) DIRECTIVE MAIN PROVISIONS

SCOPE

»Identification of Establishments (art. 3)
»General i of the O {art. 5)
» Notification {art. §)

»Major accident prevention policy {art. 7}
»Domino effects (art.3)

»Safety reports (art. 9)

»Modification of i storage
{art. 10)

“Installation” shall mean a technical unit within an
establishment in which dangerous substances are
produced. used. handled or stored. It shall include all
the equipment, structures, pipe work, machinery,
jetties, warehouses or similar structures, floating or
otherwise, necessary for the operation of the
installations™.

»Emergency plans (art. 11)

»Land-use planning {art.12}

* Public information {art.13)

»Accident reporting [art. 14)

»Competent Authority and Inspections (art. 16 & 18),

5 A
COMAH DIRECTIVE

COMAH (SEVESQ Il) DIRECTIVE

% I l AMMONIUM NITRATE ENTRIES AMMONIUM NITRATE NOTE 1
| Article 6: nouﬂcéﬂon of the operator to ~gsi 5 =i 3
| competant authority oaummn oL
\ This applies to ammonium nitrate and
i R i el S duaily Arshim it compounds in with the
| e nitrogen content as a result of the ammonium
! Article 6 and I Article 9 1 nitrate is more than 28% by weight
- (compounds other than referred te in note 2)
S S— and to aqueous ammenium nitrate selutions
Ammonium nitrats (note 1) 350 2500 in which the cencentration of ammonium
nitrate is more than 90% by weight.
Ammonium nitrate (note 2) 1250 5000

78



COMAH (SEVESQ Il) DIRECTIVE
AMMONIUM NITRATE NOTE 1

This applies to ammonium nitrate and
ammonium nitrate compounds in with the
nitrogen content as a result of the ammonium
nitrate is more than 28% by weight
(compeounds other than referred to in note 2)
and to aguecus ammenium nitrate solutions
in which the cencentration of ammonium
nitrate is more than 90% by weight.

Amendment 39
ANNEX, POINT 1 A (NEW)
Annex |, Parl 1, table, lines 1-2 {Dlrectwe 96/82/EC)

di t b)‘ Fal
1 A. In Part 1 the figures for i are replaced with:
LArreoniumn nitrate so0g {0
2Asmwnonism nitrate 1250 S
SeAmormonisen mitrake 50 2500
Adrvnondsn nitrate I 1
Justification
The krst of these categories {fmmmmnnq;l was imvaked in the aecident in Towlouse,
hich could have beel # these had beon with.
The ‘has ot yet 2 proposal Buz in the meantima a workshop hald az

the JRC In Ispra in February 2002 reached the that new for
ammeonium nitrate should be 3ot in the Seveso I directive.

2001172002 14

Amendment 53
ANNEX ,POINT 3 A {NEW)
Annex |, Part |, Notes 1 and 2 (|Directive 96/82/EC)

z, Ammonium nitrate {1250 / 5000): fertiliser grade

This applies to ] ium nitrate-based fertilisers and to

ammonium nitrate-based compound/compozite fertilizars in which the
nitrogen content as a result of ammonium nitrate is

—more | than 24,5% In welght, except for mixtures of ammonium nitrate with
and/or il with a purity of at least 90%,

—maore than 15,75% in weight for mixtures of ammonium nitrate and
ammonium sulphate,

—more than 28", in weight for mixtures of ammonium nitrate with dolomite,
limestone and/or calcium carbonate with a purity of at least 90%,

and which fulfil the requirements of Annex Il of Directive 80/876/EEC (as
amended and updated).

2001172002 16
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COMAH (SEVESQ Il) DIRECTIVE
AMMONIUM NITRATE NOTE 2

This applies to simple ammonium nitrate
based fertilizers which comply with Directive
BO/876/EEC and to composite fertilizers in
which the nitrogen content as a resuit of the
ammonium nitrate is more than 28% by
weight. (a compeosite fertilizer contains
ammeonium nitrate with phosphate and/or
potash)

Amendment 53
ANNEX ,POINT 3 A {NEW)
Annex |, Part |, Notes 1 and 2 (|Directive 96/82/EC)
1. Ammonium nitrate (5000 / 10000): fertilisers capable of saif-
sustaining decomposition

Thiz applies to ammonium nitrate-based compound/composite fertilisars
{compound/ composite fertilisers contain ammonium nitrate with
phosphate and/ or potash] in which the nitrogen content as a result of
ammonium nitrate is

—between 15,75% and 24 5% in weight, and either with not more than 0,4%
total bustibl ials or which fulfil the requirements of
Annex Il of Directive somrarEEc (as amended and updated),

=15,75", in weight or less and i tible ials,

and which are caf of zelf. i d position according to the
UN Trough Test [see United Nations Heemmndaﬁons on the Transport
of Dangerous Goods: Manual of Tests and Criteria, Part lll, sub-section
38.2).

2001112002 15

Amendment 53
ANNEX ,POINT 3 A {NEW)
Annex |, Part |, Notes 1 and 2 (|Directive 96/82/EC)

3. Ammonium nitrate (350/2500): technical grade

This applies to ammonium nitrate and preparations of ammonium nitrate in
which the nitrogen content ag a result of the ammonium nitrate iz

—between 24,5% and 2§% in weight, and which contain not more than 0.4%
combustible substances,

—more than 28% in weight, and which contain not more than 0.2,
combustible substances,

lum nitrate soluti in which the concentration of
ammnnlum nitrate iz more than 80% by weight.

2001172002 17



Amendment 53
ANNEX ,POINT 3 A {NEW)

Annex |, Part |, Notes 1 and 2 (|Directive 96/82/EC)

4. Ammonium nitrate (10/50): "off-specs’ material and fertilisers not

fuifiliing the detonation test

This applies to
—material rejected during the manufacturing process and to ammonium

nitrate and p

of

p

lum nitrate, straight ammonium nitrate-

based fertilisers and ammonium nitrate-based compound/composite
fertilisers referred to in Notes 2 and 3, that are being or have been returned
from the final user to a manufacturer, temporary storage or reprocessing
plant for reworking, recycling or treatment for safe use, because they no
longer comply with the specifications of Notes 2 and 3.

~fertilisers referred to in Notes 1 and 2 which do not fulfil the requirements
of Annex |l of Directive 80/876/EEC {as amended and updated).

2001172002

FRE 2001 CLASSIFICATION

7--‘
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UN Descnﬂon Glass
Number Division
222 | Ammonium nitrate, contam g more than 0. 2% 1.1.2.
tible J g any org
bst d as carbon, to the

exclusion of any other \
223 Ammaonium nitrate fertilisers which are more 1.1.2. /

liable to explode than ammoni nitrate,

containing more than 0.2% combi _/

substances, including any organic substance

as carbon, to the ex ion of amy
other substance.

M990 914 70/1 172002

7--‘

i}

2071 | Ammonium nitrate fertilizers: uniform non

segregating mixtures of nitrogeniphosphate or
nitrogeni‘pota.sh types or complete fertilizers of
nitrogenipt h type, ining not more

0.4% of total added combustible material or
containing not more than 45% of ammenium nitr
with unrestricted combustible material.

than 70% of ammonium nitrate and not more th; s0s

2072 | Fertlizers containing ammeonium nitrate not

otherwize specifisd

2426 | Ammanium nitrate, liquld (hot concentrated salution)

510

M990 914 70/1 172002

F
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TRANSPORT LEGISLATION

»UN CLASSIFICATION SYSTEM BASIS FOR
CLASIFICATION/IDENTIFICATION OF ALL
DANGEROUS GOODS

»COVERS INTERNATIONAL TRANSPORT

»COVERS ALL MODES

»MAIN CHANGES TO AN PRODUCTS MADE IN

DECEMEBER 2000

Ammonium nitrate, containing not more than 0.2%
combustibhe substances, inchading amy onganic /
Al any

uther substance.

Ammonium nitrate Tertilisers: uniform non
mixtures of AMmonium nirate with added

ating 210

nitrate, comaining not less than 50% of

nitrate and not more than 0.2% of comb

{including veganic mduld walvulatisd
less than 90°% b

armemoriiurm nit st and mdmou than 0%

combustible material. ‘6%1‘]-“ G

2068

Ammonium nitrate mlllm mlorm 0N SaEegating G0
mitxtures of
amlior dolomite, I:DIRHIIHI more ﬂl.‘ B0% bt less
than 90% of ammondum nirate and nof more than 0.4%
of total combustible material,
Ammonim nitrata Tertiisars: unform 0N SaEregating s
MiEtres of ammonium iwirate/am sulphata

contaming more than 45% but not ‘than 70% of
ANTHTRONIT Nftr ate and Hot more than 0.4% of total

mixtures of nitrogen phosphate or nAro

Aanmunium nitrate fertilisers: wniform ng smwtq?lhg £10
typues e compliete fertifisess of

than
70% of ammaondurn nifrate and nof moce than

1otal added combustible material of Contaming

mora than 5% of AMmonium itrate with unrestr

JEMA109T 9:1420/1 142002

RATIONALISATION IN DEC. 2000

» TOO MANY UN NUMBERS CONCERNING
AMMONIUM NITRATE (MORE THAN 10)

~CONFUSING AS SEVERAL ENTRIES WITH SAME

SHIPPING NAME

»COMPOSITION BASIS RESTRICTED

»COMPOSITIONS NOT REFLECTING CURRENT

PRODUCT RANGE



RATIONALISATION IN DEC. 2000

» TOO MANY UN NUMBERS CONCERNING

AMMONIUM NITRATE (MORE THAN 10)

~CONFUSING AS SEVERAL ENTRIES WITH SAME

SHIPPING NAME

»COMPOSITION BASIS RESTRICTED

»COMPOSITIONS NOT REFLECTING CURRENT

PRODUCT RANGE
n
mw ani Claw | Subsblar | UN | Specal | Limiied | Packing | Specal | Pormhle | Pormable
e rigtion or |yrigk | packin | Provision | quantitie | instrucie | Provision | tank tank
Divid e [ b n i intrueeln | Spreial
o n
s
1842 51 mo [0 1KG | P2
NITRATEwith ) BOH
‘more than 0.2 % 1 LF2
intal cambuselble
‘material, including
any ergande
substance,
ealeulated e
exrban in the
exrlwim of any
v sdded
subs amer. /
2067 | AMMONIUM 51 o 1KG | Pz
NITRATE BASED (306 ) mees
FERTILIZER A LPn2
2071 | AMMONIUN ] i 186 SKG | Pz
NITRATE BASED w1 e ]
FERTILIZER LAz
i3
Pormhle | Pormble
tank tank
intrueeln | Spreial
n
s
106
306
307
2071 | AMMONIUM ] SKG | P2
NITRATE BASED ) e ]
FERTILIZER LAz
2001142002 z
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DETERMINATION ON HOW TO CALCULATE AN
CONTENT

/

AMMONIUM
NITRATE BASED
FERTILIZER

L

AMMONIUM L
NITEATE BASED
FEETILIZER

m [ 1KG P02
mees
307 P2
g
1w

201142002

mw and Claw | Subabdar | UN Specal | Limited | Pacldng | Specal | Pormble | Pormhble
INe ription or yrisk | packin | Provision | quantite | instrucie | Prevision | tank tank
?:u rerup | ® n a1 :n—ﬁ Epeeal

1842 5l m 06 1KG oz
NITRATE with BOH
more than 0.2 % 1nas.

il ol Uniform mixtures of AN

material,

v e &) =90%; <0.2% comb, (2067)
bt b) >70%, <90% +other inorg.;
—— >80%, <30% Ca-

substame. rbonate;=0.4% comb. H

s NITRATE BASED s o m ! (2067.2068)

— m ; :: i ©) >45%.<70% +AS (AN+AS H
NITRATE BASED Wi 270%);=0 4% comb. (2069)
FERTILIZER 1

2001142002
TRANSPORT LEGISLATION

» INTERNATIONAL CARRIAGE OF DANGEROUS
GOODS BY ROAD (ADR)

»INTERNATIONAL CARRIAGE OF DANGEROQUS
GOODS BY RAIL (RID)

~»INTERNATIONAL CARRIAGE OF DANGEROUS
GOODS BY INLAND WATERWAYS (ADN)

~INTERNATIONAL MARITIME DANGEROUS
GOODS CODES (IMDG)

»TECHNICAL INSTRUCTIONS FOR SAFE
TRANSPORT OF DANGEROUS GOODS BY
AIR

23



ISPRA WORKSHOP ON AN SAFETY
MAIN POINTS EFMA PAPERS Il

> Two main commercial products:
HD: fertilizer application
LD/HP: ANFO explosives
» Products classified in UN scheme as oxidiser

»Potential hazards AN (based) well researched
and understood

=LD AN significantly more sensitive to detonation

»EU: several criteria to ensure high level of safety
(including detonation test for EC grade AN)

»History: major accidents <1950 due to unsafe
practice. Practices abandoned, product
not banned

il

EFMA STATEMENT OF AN
SAFETY

“Although the cause of the explosion Is not known yet and
although EFMA iz not in a position to validate or comment on
the first official French investigation report, one fact Is
undizputed: ammonium nitrate fertilizer conforming with E.U.
and French national legislation wag NOT involved. The
explosion rather involved material classified as off-spec.,
consisting of off-spec. low density/high p by

nitrate (technical grade), together with off-spec. high
density/stabilized nitrate {fertilizer grade).

Such off-spec. material which is net intended to enter the
commercial supply chain as a straight nitrogen fertilizer
needs to be clearly disti ished from ium nitrate
fertilizer that is within specification™.

CONCLUSION

» IN THE EU A COMPLEX SET QF LEGISLATION IS
AVAILABLE THAT REGULATES TRANSPORT AND
STORAGE OF DANGERQUS GOODS

»THERE IS A CONTINUOUS PROCESS TO REVISE THIS
LEGISLATION, ESPECIALLY AFTER A MAJOR
ACCIDENT

» MORE MEASURES ARE ENVISAGED IN NEAR
FUTURE

»EFMA CONTINUOQUSLY WILL IMPROVE HSE ASPECTS
OF FERTILIZERS

»EFMA WILL ALSO CONTINUE TO BE ACTIVELY
ENGAGED IN THE REGULATORY PROCESS.

33
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ISPRA WORKSHOP ON AN SAFETY
MAIN POINTS EFMA PAPERS |

> Safer practices >1950: far fewer accidents;
extreme low number of fatal injuries.

» Effective criteria/tests in current legislation;
need for further testing questionable.

»Detailled guidance for handling/storage available
from Industry

»Review of EFMA guidance document will include
» Off-spec material

#Unforeseen causes

http://mahbsrv.jrc.it/Proceeding. html

an

ISPRA WORKSHOP ON AN SAFETY
OUTCOME

» EXISTING CATEGORIES FOR AN IN COMAH
DIRECTIVE SHOULD BE REVIEWED WITH A
VIEW TO PARTICULARLY INCLUDE « OFF-
SPEC » MATERIAL

»INDUSTRY TO ISSUE GUIDANCE DOCUMENT ON
« OFF-SPEC » MATERIAL

»INDUSTRY TO UP-DATE EFMA 1992 HANDEOOK TO
INCLUDE:

a) « OFF SPEC » MATERIAL

b) UNFORESEEN CAUSES

c) MULTI-STAKEHOLDER INVOLVEMENT
d) IMPLEMENTATION
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Presentation: Putting really cool ideas to work in phosphates
Vaughn Astley, IMC Global, USA

BRMERIE R
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Improving the Future Technology Development
of
® Tocus on How TD Started,
® How We Put Really Cool Ideas to Work
® A Few Examples of Projects
Through
Technology Development

So What Was The Problem

Technology Development

® A 32 Billion Company With No Long Term
® So How Did We Get Started? Technical Kocus.
® IMC Needed a Way to Develop New Products
and Apply Latest Technologies

&3



So What Was The Problem,
Really

® Company Had a Lot of Ideas but Could not
Manage to Study Them All

@® No Project Evaluation Process
® Many Areas Were Backlogged With Existing
Work Load and Short Term Projects

Who or What is Out There

@ In-House

® Industrial Contract Organizations

o Ui sities

Industrial Contract
Organizations

® Cons

proprietary protection
detailed specific plant knowledge
¥ costs more than In-House
eed oversight to keep direction and costs in check
> of work and goal must b defined
#® Frequent project overview is required
® Pros

ience in area of study
] ility
an expeditiously stop funding

84

How do we Begin to Evaluate
All the Potential Projects and
Ideas

® Need Increased Resources
— Separate from Day to Day Operations
® Must Also Look to Outside for Help
— Infusion of Technology
Don’t Reinvent or Develop Stuff

e Cons

@ Short of staff
® Pros
® Dedicated inguisilive people
® Knowledge base
® Promotable group in lraining
@ Prop formation controllable
@ Pride in mplishments
Long | 1 ot charged for
appreciate impact of work on other operational

@ If fully occupied, cheaper than contract

Universities

Slow

Lack of secrecy

Lack of proprietary protection

Lack of detailed specific plant knowledge

Need oversight to keep direction and costs in
check

Preference for work that can be published

Inexpensive
No pre-conceived ideas




So What Did We Do?

Technology Development

@ Board Presentation - Form an In-heuse Group, but
With the Majority of Work Carried Out With
QOutside As

@ Called It “Technology Development”

Rather Than “R & D” NO Rl,lles_ﬂ i

® Essential to Fund It From Corporate o e
Never Exceed Annual Budget
— No Charges to Local Operations
@ Report to Chief Operating Officer Or At Least Not By Much

® No Rules

The Technology

Goal and Objective of Development Group

Technology Development

® Responsible for Developing New Technology to ® Formed Sept. 27, 1995 by JV Policy Board
Lower Costs by $10/ton DAP (Yes, We’re Almost 7 Years Old)
® Explore Other Sources of Income @ Mission is to Implement New Technology to

@ Evaluate Projects or Proposals From Conceptual Increase the Profitability of the Corporation
to Commercialized

@ IYind and Challenge the Paradigms Bl L myihe Arcas Where Vig

@ To Funnel Projects Into Present Process & Did Not-Need to Look, or Should Not Work

Project Engineering Structure
@ To Take on Longer Term Projects Requiring
Development

Areas Excluded From

The Technology Development Group Technology Development

Senior Management Told Us Where.We Were
To Look For These Improvements

Here’s the List
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How Do We Work

® Work Performed Internally
(Mostly Computer, Pilot Plant and Field)
® Contract with Experts (Over 100)
@ Provide Tools for Others in Organization That
Have Valuable Ideas But Cannot get The Tools
® Random Acts of Kindness
® We Welcome All Ideas/Problems/If Onlys

Talking Points

L vatahase

e & 00 00

[ ]
[ ]
[ ]
[ ]
[ ]
<
[ ]
L ]
[ ]
[ ]

Pond Water — Reverse Osmosis

@ Pre-Treatment developed that allows Pond Water to
rocessed through R. O, System
of Feed volume meets (exceeds) discharge
requirements
— Sludge volume reduced ~75%
— ~70% of P,O, Recovered in Concentrate
® Process Chemistry confirmed at bench & Pilot scale
(Including R.0. System)
@ Patent Applications Filed (Have Provisional)

86

Our Focus
@ 1996 Worked on 5 years Out
® 1997 Worked on 4 years Out
@ 1998 Worked on 3 years Out
@ 1999 Worked on 2 years Out
® 2000 Worked on 2001
@ 2001 Short Term Implementations

@ 2002 Working on now, and 5 years Out

*Luckily, We were going Short Term when
DAP price Fell

Pond Water — Reverse Osmosis

@® Previous Efforts (~1980°s)
Failed Because of Irreversible Membrane
Fouling
® Pretreatment is Essential
— Pond water is SuperSaturated Solution
— Saturation Must be Relieved to Allow
Removal of Water Without Precipitation

Pond Water — Reverse Osmosis

@®Pre-Treatment to De-Saturate.System
@®But Majority of P,O; Retained in Solution

@®P,0, Recovered as Concentrate - Econoniic
Value ~7to 8% P205

@®Permeate is Essentially Pure Water




PROCESS CONTROLS

@ Development started in 1988
® Process Control Computers
® Basic program language

® Rules and Fuzzy Logic

® Adaptive Controls

® On-Line Controls in 1990

PHOSPHORIC ACID PLANT ON-
LINE CONTROLS

@ Sulfate Control

® Phosphoric Acid Strength Control
® Filter Feed Control

® Rock Rate

PROCESS CONTROLS

PHOSPHORIC ACID FLOWSHEET
Filter Wash
r Water
Sulfuric Acld  — Haslom
Bypass Water —
Rock

Slurry Recycle
Acid

Filtrate
2T% Acld

Fllter
Feed

PROCESS CONTROLS

PHOSPHORIC ACID FLOWSHEET
Filter Wash

| Water
SuMfuric Acld P, e R D

Bypass Water

Rock
Slurry Recycls
Acid

Filtrate
2T% Acld

Fllter
Feed

PHOSPHORIC ACID PLANT ON-
LINE CONTROLS

@ Sulfate control
Sulfate target
—Acid to roc
—T'otal flow deviation control

—Adjust ratio after every

Target BC (Before Computers)

Actual 2.20 Sulfate Control
Std Dev 0.36

Wt %
Sulfate

March, 1988
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Target 2.00 On-Line
Actual 2.00

Std Dev 0.12

Sulfate Control

Wt %
Sulfate

November, 1990

PROCESS CONTROLS

FHOSPHORIC ACID FLOWSHEET

_ Filter Wash
Water

Sulfuric Acld —
Bypass Water |
Rock

Slurry Recycls
Acid

Filtrate
2T% Acld

Fllter
Feed

PHOSPHORIC ACID PLANT ON-
LINE CONTROLS

® Sulfate Control
® Phosphoric Acid Strength Control
® Filter Feed Control

— No. 3 Filtrate density target
— Density target sets filtration recovery

— Filter feed rate set based on No.3 filtrate density

88

PHOSPHORIC ACID PLANT ON-
LINE CONTROLS

@ Sulfate Control

® Phosphoric Acid Strength Control

—Adjust filter wash water
—Bypass water

Adjust ratio afler every sample

Target 2820
Actual 28.13
Std Dev (.53

BC (Before Computers)
P205 Control

January, 1990

PROCESS CONTROLS

PHOSPHORIC ACID FLOWSHEET
. Filter Wash

[ Water
SuMfuric Acld  — o

Bypass Water s o g P Y

Rock
Slurry Recycle denEl
Acid
Filtrate

Fllter
Feed




PHOSPHORIC ACID PLANT ON- PROCESS CONTROLS
LINE CONTROLS
PHERPHORISACIFIOIWEHEET,

@ Sulfate Control
g Water

® Phosphoric Acid Strength Control
3 Sulfurle Acld —

® Filter Feed Control Bypass Water | | o i
Rock L ;i Woater
® Rock Rate Slurry” Recycle
Acid

—Rock rate set based on filter feed level it
m 2% Acld

IFH!sr
Feed

The PhosAcid Control Strategies The PhosAcid Control Strategies

Sulfate

Sullala
Filter M Filter

Feed

Feed P205
. Rock - Rock
" Sirength " Strengh

| rros

Target
Tiner c Tiner
Feed | Feed |

The PhosAcid Control Strategies The PhosAcid Control Strategies

Feed P205
Strength

3 Rock
Hao. J Fiftrate . .
<l J Sregn : .
P05
Target

Fliter
Feed ﬂ

e,
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PHOSPHORIC ACID PLANT ON-
LINE CONTROLS

P205 RECOVERY

— Monthly —— 5 Month Rolling Average

@ Control Limits and Logic for z | |/ ;
w ..’
Upset Conditions E h
A\
—Data entry crrors i - 8 _r '
i e 8 | f"-‘ 1 | |
—Rate and flow limits g TR . W
e 'y 3 £ d{ 7 -
—Sensor drift and scaling H | NN A
1 |IlI / b \[ |
[l \y:'," "J
i 5 § § § 3 3 : § 3§ %
§ & 4 % § 3 § % § d g
P205 RECOVERY DAILY P205 PRODUCTION

— Monthly —— 5 Month Rolling Average
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Monthly — 5 Month Rolling Average
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Value of Improved New Wales P205 Recovery
— Monthly — 5 Month Rolling Average
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DAP APC Objectives
® Improve DAP Plant Controls
—Stabilize the process
—PC based controls

Advanced Process Control

—Additional instrumentation
ForDAP ® Determine optimum operating parameters
—Reactor mole ratio and gravity

® Improve Granulation

DAP2 APC Benefits

DAP2 Plant Overview

A Stack

Phos Acid . ® Improved plant process control
30% —am>

i \ { 1 A — Reduced PZOS5 losses
: Reduced ammonia losses
+ Sereens | Improved DAP quality
Recycle Mills £
; == e b
Phos Acid R i
549, —— = .-

Reactor

i

Stream setpoints determined by PC

Ammonia
-

1t 08 e et Py Dol Goe e alpin
NS SET 0 Gl o % - # 8= LAERCHE B 4 e L
oy

|Fictaticn Racevery 1
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Hopewsll Beneficiation Production and Recovery
Hopawell Advanced Process Comrol Project
January. 1688 through February, 2000
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Which Rock Would You Pick Up First?
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So Many Rocks . ..

So Many Opportunities . . .




Notes
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