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INTRODUCTION

The seminar is one of the 1981 activities of the regional coope 
ration programme for che development and promotion of fertilizer 
production and utilization in Arab Countries.

The seminar was organized by Arab Industrial Development Crgani 
zation (AT.DO-in Baghdad) and Arab Federation of Chemical Fertilizer 
Producers(^FCFP-in Kuwait) in cooperation with Bahrain Society o- 
Engineers and Ministry of Health in Bahrain under the sponsorship 
of United Nations Industrial Development Organization(UNIDO,Vienna) 
acting as executing acency on behalf of the United Nations levelop 
ir.ent Programme (UNDP, Few York).

H.E. Dr. All Fakhro, Minister of Health, president of the High 
Committee for the protection of the Environment in Bahrain opened 
the Seminar. His Highness made a welcome address to the participants 
and stressed in the inaugural speech on the need of clean environment 
and urged that more effort should be taken to protect against pci - 
lution through cooperation and coordination between industry and re
search. institutions.

Earlier, Mr. Hassan Fakhro, the Chairman of BANDOG and President 
of Bahrain Society of Engineers, welcomed the participants and ex - 
pressed hia happiness for choosing Bahrain to hold this important 
Seminar. He demonstrated the importance of protection of environment 
particularly the air we breath and the water we use in different 
purposes of life.

Mr. Farouk al-Ma'ayouf, Secretary General of Arab Federation of 
Chemical Fertilizer Producers made a statement expressing his appre
ciation for the contribution that, has been made by other's.Ho pointed 
out that the Arab Region is witnessing rapid development in fertiliser 
industry which might cause adverse effects on the quality of the en - 
vironment. He expressed his hope th?.t the discussions at the seminar 
would help tc understand pollution problems in fertilizer industry 
and share experiences gained by participants in tackling the poiluti''r> 
effectively.

Dr. Ghanim representative of Arab Industrial Development Organi
zation expressed his gratitude to the government of Bahrain. He re - 
fered to the cooperation between AFCFP,AIDO and UNIDO in implementing 
the Regional Cooperation Programme for Development and Promotion of 
Fertilizers in the Arab Region.

Over (50) participants from beth fertilizer companies and con
cerned organizations in the Arab Region and abroad participated in 
the Seminar (Bahrain, Jordan, Algeria, Saudi-Arabia, Syria, Iraq,Qatar, 
Kuwait, Lebanon, Norway. Belgium, Italy, Germany and Denmark).



• FIRST DAY; Sunday, November 15th.
Chairman: Mr. Farouk Al-Ma'ayouf, Secretary General, 

AFCFP, Kuwait.
Rapporteurs: Dr. Ghanim Jasim.AIDO,Baghdad.

Mr. M. Ezzat, AFCFP, Kuwait.
* Morning Session :

1- Pollution Control in Fertilizer Industry in Arab States.
2- Recent Developments in Environmental Aspects in Indian 
Fertilizer Industry.

3- Effluents and Measures of Pollution Control in JFI's 
Fertilizer Con^lex in Aqaba, Jordan.

* Afternoon Session:
4- 3tepping Forward to Environmentally Balanced Fertilizer 

Complex by Integral Planning, Effective Operation and 
Preventive Maintenance.

5- Lower Nitrogen Effluent from Urea Plants.
6- Process Condensate Pretreatment, A New System Designed 

for Ammonia Plants in Kuwait.
* Discussions
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1 - Pollution_Control In__Fertilizer *
Industry_In__i£^__§tates

C O N T E N T S

1 - Introduction
2- Fertilizer Industry Situation 

jn Arab Region
3- Sources of Polution in Fertilizer 

Industry
k- Pollution regulations and legis

lations in fertilizer industry
5- Pollution Control Techniques 

and cost
6- Conculsions and recommendations
- References

1 - Introduction:

In the line with efforts in the Arab Region to boost
food production and exploite the available sources of raw
materials, the fertilizer industry €.xpanded very fast during
the last decade and high capacities are expected to come on
stream during this decade. Consequently, pollution control of
gaseous emissions and effective treatment of liquid effluents
and solid wastes are becoming important issues. The gaseous
emissions from fertilizer manufacturing plants contain various
pollutants like S0_, SO,, N0_, NH , F, vapours, mists,3 t 3
and dusts, while liquid effluente contain a variety of sub
stances such as oils, alkalies, acids, urea, ammonia, phos
phates, fluoridea ..etc. The main solid waste is the phos- 
phogypjum resul ting as by-product from phosphoric acid man- 
ufacure. It is one of the major pollution problems worldwide.

*
By: Eng. Mahmoud Ezzat

Arab Federation of Chemical Fertilizer Producers.
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been intensively studied in recent years, leading to the 
introduction of effective control techniques and treatment 
methods.

The protection of environment against pollution from 
fertilizer industry particularly of the air we breath and 
the water we utilize in diffirent purposes, ie of increasing 
and universal concern. Stringent regulations and legislations 
are adopted by many developed countries. Similar legislations 
and guidelines dealing with air and water pollution by ferti
lizer industry have been formulated recently in some of 
developing countries like india. In the Arab Region the 
fertilizer producers also have taken various steps for 
prevention and control of air and water pollution. Certain 
countries have already laid down the limits of allowable 
concentrations of pollutants in the effieunts and emissions 
from their fertilizer plants as guidelines for pollution 
control.

The pollution control by applying modern techniques available 
will certainly increase the cost of production but in many cases 
the increase in the cost of production can be offset by the reco
vered values. Available data on cost of pollution control are 
usually estimates depending on: techniques, pollution regula
tions, vocation, ..etc..

The total expenditures on a world-wide basis, by all countries 
for air and water pollution control in the fertilizer industry was 
estimated for 1980 at cbout 5 billion U.S. Dollars.

The second follow-up meeting of the UNDP Regional Cooperation 
Programme held in Baghdad last August decided to carry out a tech
nical field study on fluorine, uranium, and pnosphogypsum recovery 
in a phosphatic fertilizer complex by a team of experts. Morocco, 
Tunisia, Algeria, Iraq. Jordan and Syria will be included in 
this study which ic expected to start in the first half of 1982.

— 4 —



2- Fertilizer Industry Situation in the Arab Region:

At present, most of the types of nitrogenous, phosphatic 
and compound fertilizers are produced in the Arab Region 
and high capacities will come on stream in the eighties, 
while potassic fertilizers will be produced from the Arab 
Potash Project in Jordan.
Therefore huge quantities of raw materials such as 
sulphur and phosphate rock will be produced to meet the 
requirements of the fertilizer industry.
Tables (1) , (2) , (3) and (4) give the existing installed 
capacities and actual production of fertilizer raw mater
ials, intermediat.s, and finished nitrogenous and phosphatic 
products, and the expected increase in the installed capa
cities by 1985 in the Arab Region.
It may be seen from these tables that there exists a wide 
gap between the installed capacity and the actual produc
tion, and efforts are being done to improve the perfor
mance of fertilizer plants in the Arab Region. One of 
these efforts is directed to control pollution along with 
the recovery of valuable products, thus increase the effec
tive production capacity of the fertilizer plants.

Table (1) Sulphur & Phosphate Rock Production
In the Arab Region

Million Tonnes Product

^'"'"•^Year 
Raw Materî3T!b-«̂ _ 1979 1980 1982 1985
3 U L P H E R 1.3 1.7 3.1 4.4

PHOSPHATE ROCK 30.3 30.4 46.8 61.9

[



Tnhi p ( 2 ) Thp 

1000 Tonnes

Production of Fprtil i^pr
in the Ar°-b Region

in tensed la tes

1979 1980 1982 1985
Cap. Prod. Cap. Prod. Cap. Cap.

Ammonia as N 3504 1723 3504 1911 4893 7328
Nitric A cid as 

( 100 % ) 1366 805 1366 796 2124 2504
SiiljDhâ ic à cid 6394 4700 9234 4489 12501 19219
Phosphoric Acid
as P2 O5 1795 1035 2620 1323 3760 5874

Table (3) Kitrogeneous Fertilizers Production 
ÎOOO Tonnes N ln __ Arab Region

'̂'''«x̂ Year 1 9 7 9 1 9 8 0 1982 1985
Cap. Prod. Cap. Prod. Cap. Cap.

U B E A 1792 1069.7 2209 1331.0 2778 3902

Ammonium 3ulphat< s 104 32,9 104 28.5 104 171.01

Ammonium Nitrate 350 247.9 350 249 .2 715 842
Calcium Ammonium 

Nitrate 38,5 19.8 38 .5 12 .7 38.5 38.5

Calcium Nitrate 39 31.0 39.0 31.0 39.0 39.0

M A P 32 7,1 32 .0 6.7 57 .0 80.0

D A P 77.4 2.5 77 .4 40.3 210.4 291.0

A S P 28 9.9 28 0 20.6 28 .0 28.0

N P K 56,3 28.7 56.3 26.1 105.3 105.3

T O T A L
L

2517 .3 1445 1746.1 4075 .2 5V96.8



Table (4) Phosphatic Fertilizers Production 
In TheArab Region 

1000 Tonnes P9 O5

N ^ Y e a r 1 9 7 9 1 9 8 0 1982 1985
T vpe\^ Cap. Prod. Cap. Prod. Cap. Cau.

S S P 184.6 138 .6 184 .6 132.0 240.6 24o.6

T S P 752 .8 487,1 964.8 352.9 1312.8 1444.5

G.P.R 55 50 55 .0 27.0 65.0 65.0

M A P 176 39.1 176 .0 36.9 313.5 440.0

D A P 206 ,4 6.7 206 .4 107 .5 561.4 775 .4

A S P 56 20.3 56 .0 41.1 56 .0 56 .0

N P K 97 .6 43.7 97.6 54 .4 146 .6 146 .6

Total IE 
___ • 28.4 _____ 785.5 1740.4

—

751.8— 2695.9 3168.1



The following is a brief summa -y of the fertiliser situa
tion in the Arab Countries:

Jordan: Jordan is one of the major producers of phosphate rock in 
the Arab Region. Aqaba phosphatic ertilizer complex is expected 
to come on stream by the end of this year. Sources of pollution 
in fertilizer industry in Jordan can be summarized as follows:

Dust from phosphate rock beneficiation plants and loading
and unloading facilities of phosphate rock and imported sulphur.

Gaseous effluents include S02 , SO^, HF and fluorides from 
sulphuric acid plants, phosphoric acid plant and granulation unit. 
Liquid effluents from the sulphuric acid plant, phosphoric 
acid plant, granulation unit, utilities and sanitary sewage. 
Ph^sphogyps'om from phosphoric acid plant. Aqaba complex is 
designed according to very stringent emission and effluent 
criteria and therefore no pollution problems are expected 
except the stock-piling of phosphogypsum (2 km to east of 
phosphoric acid plant.

U. A. E. The Ruwais fertilizer plant will include:

One NH^ unit 1000 MT/D (Haider Topsoe)

One Urea unit 1^00 MT/D (Stami Carbon)

Utilities

- Offsites storage of NH^ and bulk urea and NH^ loading facilities

The plant is expected to come on stream by the end of 1983.
The environmental aspects have been taken into consideration 
during the design stage. There will be a pollution control 
system with the necessary monitoring instruments.

Bahrain: new plant for the Gulf Petrochemical Industries Company
will be built on the north east coast of Bahrain near Bahrain 
refinery and Sitra Island. It will consist of two seperate 
process plants, one for the production of (1000) MT/D of 
ammonia and the other will produce (1000) MT/D of methanol. Both

— 8—



plants will employ the most-up to date technology and have 
common utilities and offsite facilities, including a desalina
tion plant, emergency power generator, a nitrogen unit snd a 
boiler feed water treatment plant. Storage tanks for the finished 
products will be installed, with pumping and ship loading facilities.

The complex will have its own pollution control equipment 
in addition to pollution monitoring system. Pollution control 
emphasised in the design of the complex will be according to 
international standards in order to mininize the discharge of 
pollutants to the environment.

Tunisia. The current production of phosphate rock in Tunisia is 
more than (̂ +.5) million tonnes. Most of phosphate rock produc
tion is directed now to home fertilizer industry.

The two biggest fertilizer complexes are located at Gabes 
and Sfax near the sea and produce all types of phosphatic fer
tilizers in addition to phosphoric and sulphuric acids.

Phosphogypsum is now temporary dumped in the Gulf of Gabes 
while fluoride gases are washed and scrubbed by sea water. They 
have studied fitting up of a gypsum pond near the tertilizer 
complex of Gabes and the recovery of fluorosilicic acid. This 
is an efficient action for limiting the pollution of the Gulf.

The recovery of ammonium sulphate by scrubbing SO^ and 
SO^ from sulphuric acid plants was done successfully in Sfax and
may be applied in near future in Gabes.

Nitric acid and ammonium, nitrate units for S.A.E.P.A. are
CO^ will beexpected to come on stream by the begining of 1982. 

the main by-product from ammonia plant.
On the other hand the liquid effluents of this plant will 

be considered in the overall plant in controlling pollution in Gabes area.

Algeria. Fertil izer production in Algeria is currently concentrated 
at two major complexes- the nitrogen complex at Anew and the 
phosphate fertilizer complex at Annaba. Another two major 
nitrogen fertilizer projects started production this year one 
at Arzew (Arzew - 11) and the other at Annaba (Annaba - 11). 
Each includes ammonia and ammonium nitrate plants.

- 9 —



The phosphate fertilizer project at Tebessa and the ammonia/
urea project at Skikda are expected to ccme on stream by 198 .̂

Recently a great attention have been paid to control pollu
tion in fertilizer industry which expanded fast during the last 
ten years. Phosphogypsum and the liquid effluents from the above 
mentioned fertilizer complexes are the major pollutants.

---- ■— -— -—  A fertilizer complex for (Safco), including ammonia/urea,
sulphuric acid and utilities plants, is located in Dammam area 
and started production since 1969. Another fertilizer complex 
for Al-Gubail Fertilizer Co. is now under construction 
at I he industrial area of Al-Gubail and expected to come on 
stream by 1982.

Safco lately made great progress in all areas including 
production and all other support functions and systems and put 
solutions for most of the serious technical problems which were 
facing the ammonia/urea plants in the early years. Many impro
vement projects were implemented to increase production and control 
pollution:-

Minimising pollution from the effluent blowndown from the 
cooling tower to the sea. This was achieved by new chemical 
treatment system which reduces the chromate contents in 
the effluent.
The urea revamp project implemented in1979at an expense 
of SR 15.5 million improved the performance of prilling 
tower and minimized the urea fallout.
Installation of high capacity refrigiration system to 
recover ammonia vapour from storage tank instead of flaring it

Pollution and its contiol at Safco attracts considerable 
attention. The new sulphuric acid for Safco which started 
production two years ago have been designed according to 
sophisticated technology (DCDA) and provided by very high 
stack to ensure against any pollution problems that may 
affect the population centres or governmental installations.

— 10—



Standards of evolution of toxic and noxious gases derived and 
enforced by the British Government for domestic plants have 
been followed in the design of this plant.

¿udan: A small ammonia/urea complex based on Naphta and located 
(10) kilcmeters to the south of Khartoum have been completed.
It is expected to start production this year. Another simillar 
ammcria/urea project is now under planning.

The treatment of effluents and emissions to control pollu
tion is of great importance due the nature and climatic condi
tions of Sudan.

Syria: At present Syria produces more than (1.3) million tonnes
of phosphate rock from two phosphate deposits at Kneifis and 
Eastern (A & B). The phosphate beneficiation plants located 
near the mines are facing dust pollution problems. Syria also 
possesses nitrogen and phosphate fertiliser complexes located 
at Homs. The old and new nitrogencomplexes are based on naphta. 
Fluorides from phosphate complex will be recovered to produce 
aluminium flouride, while phosphogypsum is now temporarily 
stockpiled near the plant.

At present Iraq possesses two nitrogen fertilizer complexes:
one at Abu El-Fius and the second at Khor -Zubai.r, with a
total capacity more than (1.5) million tonnes urea.

The phosphate project located at Al-Qaimis expected to come
on stream by 1982. It is planned to include two small emmonia units
for compound fertilizer manufacture.

The liquid effluents from nitrogen fertilizer plants At Abu-El
Flus are neutralized before discharge.

■phe fluorides from phosphate complex will be recovered to
produce aluminium fluorides,while sulphur oxides emissions from
sulphuric acid plants included in the complex will be within the
standard limits. The liquid effluents will be treated before
discharging. Phosphogypsum will be stockpiled near the plant.

Kuwait. fertiiizer division of the Petrochemical Industries
Company includes three ammonia plants, with a rated capacity of 
(2000 MT/D), three urea plants with a rated capacity of (2500



MT/D) . ore ammonium sulphate plant. (500 MT/D) , sulphuric acid 
(̂ +00 MT/D) and utilities. The fourth ammonia line with a capa
city of (1000 MiT/D) is expected to come on stream by the end of 
1983. These plants are part of the big industrial complexes
located at the Shuaifca Industrial Area.

P I C  implemented some years ago remedial projects to control
gaseous, dust and liquid effluents from ammonia arid uiea plants.
For example, the recovery of ammonia from purge gases and using
new elevated stack resulted ir. decreasing of ammonia concentration
to the required limi (2.5) ppm.

The dust emiss 1 is now meeting the current guidelines for
the Shuaiba area, after the modification of the prilling system
and controlling of dust emission from cyclones and convayor.

Process condensate from ammonia plant is recycled and reused
while the liquid effluent from urea plants is treated in hvdroli-
zer to drop both urea and ammonia and then pumped (16) Km
far from the plant to be used for irrigation after dilution with
sweet water.

The treatment and utilization of such effluents reflect 
significance to keep a good quality of sea water since the sea 
water is utilized to produce drinking water in North and South 
Power Stations.

Qatar: Qatar Fertilizer Company (Qafco) forms an important part of
the industrial development based on the natural resources of 
Qatar. The company includes two ammonia plants with a design 
capacity of (1800) MT/D, two urea plants with a design capacity 
of (2000) MT/D and utilities. These plants are located at Umm- 
Said, near the sea. (Jafco pays great attention to control pollu
tion, especially the urea dust, to protect neighbouring stores of 
grains from contamination.

Libya: At present there is a nitrogen fertilizer complex at Mersa 
Brege consisting of ammonia plant with capacity of (1000) MT/Dj 
urea plant with (1500) MT/D and utilities. A simillar ammoni.V 
urea complex is now under construction in the same area and is 
expected to come on stream by the end of 1982.

—  12—



Libya also has other projects for phosphate and nitrogen 
fertilizers production in the planning stage and are expected 
to come on stream during the second half of thi-; decade.

The country pays a great attention to pollution and its 
control and started to study some remedial projects to control 
gaseous and dust emissions from ammouia/urea plants.

Morocco:

Morocco is one of three major producers of phosphate rock 
in the world, these producers are U.S.A. U.S.S.R. and Morocco.

At present Morocco produces about (20) million MT/Y phos
phate rock from mines at Khouribga, Youssoufia and Ben Guerir. 
(15$) of this production is converted into downstream products 
in phosphate rertilizer complex at Safi.

In the Safi phosphate fertilizer complex located on the 
Atlintic coast, there are four seperate plant sites Maroc Chimie 
I, Maroc Chimie II, Maroc Phosphore I, and Maroc Phosphore II.

It is planned to build another big phosphate complex at 
Jorf Lasfar and Nador on Atlantic Coast, midway between Safi and 
Casablanca. The complex will include (12) phosphoric acid plants 
the contract of them was awarded to Rhone Poulenc in Sept., 1980.

The huge quantity of sulphur required for these complexes 
will be imported in Solid form, then melted and stored as liquid 
at the port.

Stringent control on gaseous and dust emissions, liquid 
effluents and the huge quantity of the solid waste of phos- 
phogypsum from these fertilizer complexes have to be imposed to 
avoid any adverse effect on atmoBphare and the ecology cf sea 
water,



2 -

.’•a have seer. from the previous chapter that a nitrogen or 
phosphate fertilizer complex is composed of different pro
duction units which produce a number of products at the 
same plant site.There are three major effluents discharged 
from fertilizer industry: gaseous, liquid and solid wastes.

The following is a brie: summary of emissions and effluents 
discharged from different fertilizer plants.

Ammonia Production:

Most of ammonia plants in the Arab Region are based on steam 
reforming of natural gas. Gaseous emissions and liquid effluents 
from such plants are:

* Gaseous emissions:
Flue gas from primary reformer contains sulphur and 
nitrogen oxides. The sulphur oxides emission» (mainly 
CO )' depend on the type of fuel used for firing in the 
primary reformer. Incase of using natural gas, emission 
of sulphur dioxide may reach (0.3)kg/MT ammonia, and 
increases to (y'l kg/MT ammonia when using fuel oil.

Nitrogen oxidejmeasured as N0^ may reach in some cases 
(0.5) kg NO per MT of ammonia produced.

2- .Ammonia emissions occur sometimes as result of leaks 
in equipment and from pressure releive valves. If 
ammonia is not recovered from purge gas, this will be 
another source of ammonia emissions.

3- Carbon doixide released to the atmosphgMpa during the
CO removal step, 

liquid effluents:

Most of liquid effluents in ammonia plants are obtained
as condensates from the process gas after Co snift conversion
and mathenation. This condensate contains NH^, CO^, me't*'ianol
and others in concentrations ranging from f0,8 - 1) kg NH /m3 ,

-z 3 ■>
(1 - 2) kg of CO^/nr and (1.5 - 3) kg of methanol / m . The 
quantity of condensate from ammonia plants will vary according 
to the design of the plant. It may rear’., 2 m^ per MT ammonia.

scurces of Pollution in the Fertilizer industry
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Nitric Acid production:
Residual concentrations of nitrogen oxides in nitric acid 

tail gases from the absorption tower due to incomplete absorp
tion give rise to air pollution problems. A typical nitric acid 
plant of (350' MT/D capacity would emit about (35) Nn"V hr of 
tail gas with nitrogen oxides content ranging from (0,1 - 0-3#)*
In other words , the total nitrogen oxides emissions would be 
ever (15) kg/MT of acid (1003= basis)

Regarding liquid effluents other than cooling tower blown- 
down, there is small amounts of ammonia and nitrate in the 
effluents arising from leaks, spills, and process upsets. Gene
rally there is no discharge of process vast* water from nitric 
acid plant .
AmmoniMTii Nitrate Production:

Major sources of air emissions in ammonium nitrate plants 
are neutralizer, evaporator, prilling tower, dryer, and 
cooler.

Unissions consist of ammonia,ammonium nitrate dust, fumes, 
liquid particulates and nitric acid mist.

Ammonia, ammonium nitrate and nitric acid mist are emit
ted from nuetralizer . Losses from neutralizer due to this emission 
reach in normal cases (2)Kg ammonia, (2)Kg ammonium nitrate and 
(0,2)Kg nitric acid per MT ammonium nitrate product

Losses of ammonium nitrate as fames and liquid particula
tes due to emission from evaporator may reach(0,2)Kg per MT ammon
ium nitrate product

Ouïssions from prilling tower contain ammonia , ammonium 
nitrate dust and ammonium nitrate fumes. Losses in well operated plants 
may be expected to reach (2) kg ammonium nitrate perMT product.

The major source of liquid effluent in a.mmonium n itrate 
plant is process condensate from neutralizer. The liquid effluent 
contairSammonia and ammonium nitrate in quantities of (1)Kg and (?)
Kg of ammonium nitrate per MT of product. This liquid effluent can 
be treated to remove ammonia and ammonium nitrateions to the extent 
of (0#1)Kg per MT product and (0,13)Kg per Mt product respectively.
The treated effluent can be zeused as make-up for boiler feed water or 
cooling tower.
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Urea Production_________ Urea dust which is the major source of air pollution is
emitted with the air coming from the top of the prilling tower. 
Ammonia also is emitted in considerable quantity irom tne prilling 
tower. The flow rate of air through a natural draft tower of (1000; 
MT per day urea plant is ( kOQ 000)N m/ /hr. The actual dust concen
tration may reach (¡+00}mg/\' m^cr even more. Losses of ammonia and 
urea due to this emission may reach (0,5)Kg per MT product and^1,2;
Kg per MT product respectively.

The process condensate from vacuum concentration /crystall
ization section and the prilling tower effluent are the major sources 
of the process waste water. The quantity of this effluent will range 
from (0, ,5) to (1 )m^ per MT of Urea produced. Ammonia and urea concen 
tration will vary according to the design of the plant. In some 
cases these concentrations range from (2- 6/0 for ammonia and
(0,2 - 0,5/ ) for area by weight.
Ammonium Sulphate Production

Air pollution sources include crystallizer and dryer. The 
vapours at crystallizer contain ammonia, which is usually condensed 
and recycled . While the off-gas of dryer contain ammonium sulphate 
dlist in quantity of (0.-15) Kg of ammonium sulphate per MT product.

Liquid effluents in ammonium sulphate plant originate from 
spills, leaks and contaminated waters from condensers

The liquid effluents are returned to the process and a 
discharge is not necessary.

The volume of liquid effluents from direct contact conden
ser may reach (35)m3/MT product while that spills, leaks and clean-up 

water may reach (0 4)m3/MT product.
Sulphuric acid production

S02 + £ 02 ±  E S03 + HEAT

Sulphur oxides " S02, S03 ", acid mist, acidvapours and nitrogen 
oxides are pollutants evolved from the manufacture-of sulphuric acid. 
The most important pollutants are sulpnurdioxide and acid mist. The 
concentration of these pollutants in vent gases will vary depending on 
the conversion efficiency of ( S02 to S03 ) and the process conditions. 
Vent gases from a conventional sulphuric acid plant " single contact 
planfcontain about ( bOOO ppm ) of 302 and ( 2000 mg/nT ) of acid 
mist.
In a double contact sulphuric acid plant equiped with nist eliminator, 
the concentration of ( S02 ) and mist can be reduced to : ess than (500 
ppm of S02 and 50 mg/m3 ) of acid mist.
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(. Table 5 ) Concentration ot poiAitants m  suj.pnuric 
acid giant_tail gases_

Pollutants Concentration range
p p m

Equivalent H2S0^ 
Loss

S02 200 - *4000

$1C\J•o

S03 0 - 100 0.1 %

H2S04 Vapour 250 - 1000 0,1 %

H2SC& Mist 10-500 1,0 %

Nitrogen oxides 0 - 2 0 0 0.5 %

Phosphoric acid Production " wet process " :
Fluorides, phosphate dust, some liquid effluents and by -

product gypsum are the main pollutants in wet process phosphoric
acid plants.

The fluorine in the P hosphate rock when reacted with 
sulphuric acid is distributed in the bj-product gypsum, phosphoric 
acid and exhaust gases. About (30 / ) or more of fluorine in the 
rock is released during the concentration of p hosphoric acid from
(30/ ) to (5^/ ) .

A considerable amount of fluorine is contained in the 
gas emitted from the reactor , filter and storage tanks,

The fluorine compounds contained in the gas consist 
mainly of KF and FiF k. The concentration of these comp̂ - uis in 
the gas vary widely depending on the type of rock used and the 
process conditions.fluorine content in the reactor gases ranges
irom ( 200 - 1000 ) mg F/m3 while that in rent gases from the filter 
and storage tanks is less than (100) mg F/m3 .

Usually fluorine compounds from reactor,filter ,tanks, vent 
gases and concentration section are removed by absorption in scrub
bers to recover fluorine as (17/- 23/) H2CiF6 solution which can be 
used for Aluminium fluoride and cryolite manufacture .



W-.ote water from direct contact condensers containr fluoride
sr.d P2G5 in low concentration •bout ( 0,02 / ) H2SiF6 and(0,002 '/■') 
P205. has to be neutralized with lime prior to disposal- The recover
ed H2 SiF6 solutions if not utilized is also to ba taken for neutral
ization .

The major sources of dust evolution in Phosphoric acid plant 
are handling and grinding of Phosphate rock.

Phosphogupsum is the main solid waste from phosphoric acid 
plants- Depending on the technology applied it can be used in manufac
turing several products such us cement and .sulphuric acid, ammonium 
sulphate , plaster boards and others.

Single Sugerghosghate production

As a result reaction between phosphate rock and sulphuric acid 
during the production of single superphosphate, fluorides are evolved
Ca10(P(y06 F2 + 7 E2Z0k---- *3Ca(H2 PÔ t )2+7CaS0if+ 2HF

Depending on the acidulation conditions aifd the quality of 
phosphate rock about ( kO- 70/ ) of the fluorine in the phosphate rock 
is evolved during the processing^ while { 30 - 60 / ) remain in the 
product. The main sources of fluorideemis.Ions are mixer, den, convey
ors and storage pilef curing ) . The concentration of fluorides in 
guseous effluent from mixer , den and conveyors ranges from(1000 to 8000) 
mgF/ m3-

Singlesuperphosphate pleat liquid effluents contain pollutants 
fluorides, phosphates and suspended solids in concentration reach in 
some cases to ( 600 ppm ) of fluorides and ( 1000 ppm of P205). The 
source of this effluent is the scrubber used for the removal of fluor
ides from gaseous effluent- The quantity of water used for scrubbing 
may reach 1m3 per MT of ( P205 ) produced - This scrubber effluent is 
usually recycled and only bleed is drained after neutralization . It 
is possible to produce ( 1 5 - 2 0  / H2 SiF6 ) solution and 
containing ( 50 ppm P205 ) only.

Trigle_Superphosghate groduction

Fluorides are evolved during the acidulation of rock phosphate 
with phosphoric acid.

0a10 ( PÔ t )6 F2 + 1*+H3 P 0 4 --- *10Ca(H2P0it)2+ 2HF
In the process of production of powder TSP the main sources of 

these fluorides are the effluent gases coming out from the reaction 
section which include, mixer, den, cutter, conv«yor,and curing house.
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In granular ISP cb"' sources are reaction section and granulation 
section, the later includes granulator , drier, screen and storage.

About ( 8 KgF/M- of P205 produced)is evolved during the 
processing of powder TSP, while about ( '¡6 KgF/MT P205 produced) 
remains with the product.

'.vater is used to scrub the effluent gases in appropriate 
scrubbing equipment . The quantity of this water is about the same 
as for singlesuperphosphate. A suitable system of cyclones should be 
installed before the gas scrubbers, thus it is possible to produce 
( 15 -20 / ) H2SÌF6 containing ( P205 ) contamination not exceeding 
( 50 ppm )•

The collected dust and washing liquid recoveries are consum
ed in granulation section thus minimize waste water to be treated.

Nitrophosphate production

The basic reaction in the nitrophosphate production is the 
acidulation of rock phosphate with nitric acid instead of sulphuric 
acid

Ca10(P04)6F2+20HN03_____> 10 Ca (N03 )g+ 6 P0^ + 2 HF
Most of fluorine in the phosphate rock is retained in the 

product , while about ( 5 /• ) only of this fluorine is evolved during 
the processing of nitrophosphate . The fluorides in the effluent gases 
are scrubbed with water. The scrubber liquor contains a very dilute 
solution of ( H2SÌF6 ), therefore it is neutralized and discharged

Ammonium Phosphates

Ammonia fumes,ammonium, phosphate particulates and fluorides 
are evolved during the production’of the different types of ammonium 
phosphate fertilizers, from ammonia and phosphoric acid . Ammonia 
furçies from neutralizer, granulator and drier are recovered in venture 
scrubbersfor reuse. Fluorides are absorped and the resulted liquor is 
neutralized before discharge. Ammonium phosphate particulates from 
cooling and screening equipment of the product are collected by a 
battary of cyclones ar.d recycled.

Complex Fertilizer ( NPK ) production

There are different methods for production of NPK fertilizers 
starting from combinations of various raw materials.

For dust recovery, hot gases from drier, product cooler,coater, 
as well as air from dust points such as elevators and screens are 
drawn through cyclones by fans. Recovered dust is recyled to the granu
lator/ vents are washed with weak acid solution to recover nutrients and 
to avoid any environmental pollution.

Ammonia and fluorides evolved in the neutalizer and granulator 
are washed by scrubbing with water, or scrubbed in e scrubbing tower
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irrigated with phosphoric acid. The scrubber liquor can be 
recycled to the granulation unit

liquid effluents from ( N ? K ) plant contain fluorides, 
phosphates and ammoniacal nitrogen. These effluente have to be 
treated before disharge.

3- Pollution Regulations and Legislations in Fertilizer Industry

The ill-effects of pollutants emitted or discharged from 
fertilizer plants to air or water are well-known at present time. 
For example,fluorine concentration in air of (2p p m) cause 
damage to the plants and to human tissues , while higher concen
trations cause corrosion of teeth and bones.Sulphurdioxide concent
rations in air more than ( 5 ppm ) injure nosej eyes, and lurrs 
Low concentration even less than ( 0.5 ppm ) cause vegetation 
damage ,and corrosion of steel structures. The reddish brown 
blume of nitrogen oxide rising from stacks in nitric acid plants, 
often provokes public denunciation as a source of air pollution, 
principally because it is so visihle . High concentrations could 
under certain conditions result in damage to vegetation and 
accelerate corrosion of man-made structures . Nitrous and 
nitric oxides from fertiliser industry and ot!e- s.^rces 
are thought to be responsible for a sizable proportion of 
natural ozone depletion. With this depletion^the intensity of 
harmful ultraviolet light at the earth surface would increase 
resulting in effects very dangerous on life itself.

Polluta- '-.s in liquid discharges from fertilizer plants can 
also cause big difficulties. Ammoniacal nitrogen in this effluent 
is very toxic to fish life. It can lead to oxygen depletion,exces
sive growth of algae and corrosion. Urea can be hydrolised to 
ammonia which is toxic for fish. Sulphides and sulphur compounds 
are toxic. They create odour and corrosion problems, fluorides 
phosphate,suspended matter and oils , all are undesirable and 
must be removed before the discharging of effluents to water

bodies •
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Therefore many countries have laid down legislations 
and regulations to restrict the total discharge of pollutants 
in the atmosphere and natural waters. In fact, stringent 
regulations are now adopted by industrially developed nations. 
Environmental Protection Agency of U.fi.A.haa restricted omissions 
from fertilizer plants by issuing certain standards regarding 
the air quality criteria surrounding the plant, and accord, ngl'- 
laid down regulations on quantities of pollutants emitted to 
the atmosphere. Similar actions also have been taken regarding water 
bodies.

Several years ago different Organizations and Agencies 
investigated the existing legislations in order to formulate 
suitable international standards and guidelines and to determine 
whether existing standards in developed countries were suitable 
and could be adapted to developing ocountries.

In the Arab Region, as the case in many developing countries 
the regulations ana legislations concering pollution control 
in the fertilizer industry are not yet adopted. No uniform 
guidelines or standards for gaseous and liquid effluents from 
fertiliser industry have been established. However, since 
industrialization have intensified markedly in the last decade, 
most of Arab Countries pay great attention to pollution 
control, and pollution committees in a number of them have been 
formed. Recently these committees have issued maximum allowable 
concentrations for major pollutants in ambient air and permits 
con^ollcd discharge of liquid effluents as guidelines for 
pollution control. The following tables give two examples for 
these guidelines in two industrial apeas in the Arab Region:
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Table (6)_Allowable Concentrationsforjnajor pollutants in the

ambient air at Shuaiba Industrial Area- Kuwait

Pollutants
Community maximum 
allowable concn(ppm) 

( One hour )

Long term average concn- 
ppm(annual mean)

Ammonia 2,3 0,13

Carbon Monoxide 35 2,0

Chlorine 0,1 —

Hydrogen Sulphide 0,1 —

Total mercaptans 0,05 —

Nitrogen oxide 0,5 0,025

Oxidant as ozone 0,06 —

Sulphur oxides 0,5 0,025
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(Table 7) Particulate Emission Figures for new plant in
Shuaiba Industrial area- Kuwait

Pollutants Source Emission figure 
mg/m3

U R E A Fertilizer plant 130

Sulphuric acid Sulphuric acid plant 230

Others :

Cenent dust grinding & crushing 100

Heavy metals As the element 23

Total solid 
particulate matter: 
Dust & Grit 
larger than 10

Miscellaneous , 
incinerators, 
process furnace k6o

etc

Fines, fumes 
less than 10 
micron

New electric 
generating plant 115

The above figures should not be concAdered as rerid 
standards but as guide lines to best practicable means for Shuaiba 
Industrial Area

Regarding the discharge of liquid effluents and in 
order to protect the inshore waters against eutrification by the 
nitrogen products, the waste water from urea plants which equals 
about ( 0.7 m3) per ton urea and contains ( 200 - 5000 ) mg/m3 
ammonia and ( 7000 - 10000 ) mg/m3 urea is treated and pumped(l6)km from 
the plant site and diluted rfithsweet water to be used for irrigation.
In addition^the Technical Committee at Shuaiba Area Authority has 
recommended the quality criteria for the discharge of liquid efflue
nts to the Arabian Gulf at Shuaiba , Kuwait as given in Table (8) ;
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Table(6)Recommended Ambient Marine Environment Quality Criteria for
In-Shore Waters around Shuaiba

Paramerter

Desirable 
Enviromental 
Value( D E V )

Maximum /Minimum 
Threshold Hazard 
Value( T H V )

Reference Discharge 
Load Tonnes/day from 
Total Industrial Un
polluted sea water

PH £7o 5.5 to 9.0
—

Dissolved oxygen 5.^ppm 2.0 ppm
—

B O D 2.0 k.O ppm
—

C O D 2.0 k.O ppm 15 dependent on 
receiving water

Total H. C N.d 3.5 as in water bulk 0
Phenolics 0.05ppm 0.1 ppm 0.25
Detergents 0.05ppm 0.2 ppm 0.25
Sulphides 0.005 ppm O.OIppm 0.025

Ammoniacal Nitrogen 
(NH3 & NH^) 0.0.02 ppm 0.2 to 0.5 ppm

Total Nitrogenous 
load 2.75

Oxidized Nitrogen 0.40 ppm 0.8 ppm
Total Nitrogen 0.5 ppm 1.3 ppm
Inorganic Phosphate 0.001 ppm 0 .02ppm 0,005 to 0.10
Cyanide N.d O.OIppm 0
Alkyl Mercury N.d 0.0001 ppm 0
Total Mercury N.d 0.0001 ppm 0
Arsenic 0.01 ppm 0.05 ppm 0.05
Cadmium 0.001 to 0.01 0.03 ppm 0.005
Lead 0.01 ppm 0.05 ppm 0.05
Chromium 0.05 ppm 0.10 ppm 0.25
Copper 0.001 to 0.01 0.05 ppm 0.005
Zink 0.001 to 0.05 0.10 ppm 0.005
Iron 0.05 ppm 0.30 ppm 0.25
Manganeze 0.02 ppm 0.10 ppm 0.10
Nickel 0.002 0.10 ppm 0.010
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The Ifechnical Committee at Homs Industrial Area Svria 
has recommended maximum allowable concentration of pollutants in the 
discharged liquid effluents to Qsttena Lake as given in table (9)- 
Ssttena Lake supplies cooling waters for all plants in the area^in 
the same time all liquid effluent from these plants are discharged 
after treatment to the lake. The nitrogen and phosphate fertilizer 
complexes in Homs discharge about ( 500 - 1000 ) m hr of
wast water to the lake.

Table(9) Recommended Specifications for the 
discharged liquid effluents to Oattena Lake

Parameter Maximum allowable limit

Temperature 35 e

P E 6 - 9

C L ^00 mg/ L

SO^ +̂00 mg/ L

Suspended matter 80 mg/L

Oil 10 mg/ L

BOD 20 mg/ L

COD 3C mg/ L

TDS 1000 mg/L

NH, 10 mg /L

N0^ *+5 mg/L

'(•’liorides 5 - 8  mg/L



.able( iO'«.T.beint air quality standards in some developed Countries
f 'i

C O U N T S  Y.
Standards ( daily average }

Particu
lates

NR, S°2 so^ N02 Eel Fluorides CO H.C

U. S. A. 0.75 - 0.8 - 1 .0 0.007 100*
♦ ♦

1.6
J A P A N 0.1 - 1.1 - 0 A - - -
I T A L Y 0.3 - 0.19 - 0.39 0.05 0.02 - -

G E R M A N Y  
( 8hr average I - k.o - 3-0 - - - -
C A N A D / 

( Industrial ) 
areas - - - - - - 0.026 - -

F R A N C E 0.15 - 0.25 - - - - - -
B E L G I U M - - 0.28 - - - - - -
CZECHOSLOVA
KIA - - - - - - 0.1 - -

U.S.S.R - - - - - - 0.1 - -
Recommended
air quality
standards

- 1.0 3.65 1 .0 - - 0.1 - -

* Maximum 8 - hr Concentration
** Maximum 3 - hr Concentration

The pollution standards or guidelines in any country are 
formulated according to local conditions and its need in respect 
of pollution level, techno-economic suif&bi-liti&s ,etc. Therefore 
we find that standards for pollution control adopted by developing 
countries are not as stringent as in developed countries. It is 
because the reason that developed countries ere highly industrial
ized and have large size manufacturing units whose effluents are 
also considerably large in quantity. Consequently the environment 
surrounding them has larger quantities of pollutants in comparison 
to other places in developing countries. Table (10) gives the 
quality standards ofambient air in some developed countries.
From this table we can see tha lack of uniformity between air 
quality standards in diffirent countries.

To meet the air quality standards it is necessary to control 
the emissions from fertilizer plants according to certain limits 
or standards. Table (11) gives the emission standards specific to
fertilizer plants in some developed and developing countries.

While Tables (12),(13),(1*0give examples for standards of 
w-iter and Liquid effluents
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T n M  o w H a  r H  c f n r  all « u o M  a  eei An e f«A«i ^««4- 4 1 •! » n w

plants in some developed and developing contries

Country Source Pollutants Emission Limit
Nitric acid 
plants

Nitrogen oxides as N02 1-5 Kg/T 100 % acid, 
maximum 2hr average

(30- 70% HNO-j ) Opacity 10%

U . S. A
H^SO^ plants so2 2 Kg/T 100 % acid

Acid mist as S0^ 0.075 Kg/T 100% acid
Acid mist opacity 10 %

Wet process 
phosphoric acid

Total Fluorides 10.0 gf/T of equivalent 
P20c-feed

T S P plants Total Fluorides 100 gf/T of equivalent 
P20̂  feed

D. A. P Total Fluorides 30 gf/T " " " "
HNO3 plants Nitrogen oxides 1 g No/m^ of tail gas
H-SO.plants : 

( DCDA )
so2 Conversion efficier.cy995^

Acid mist 0.4 Kg so3/t h2so4

SC SA
To be used only 
when SOg 
in the gas 6%

so2 Conversion efficency 97-5%

Germany r Acid mist 0.6 Kg soyT I^SO^

H2 S04 so2 Minimum Conversion 97,5%
metallurgical 

plants
Acid mist 2Kg S03/T H2 SÔ

S0^ Chamber so2 5 mg/ m3
plants n o2 1.2 g/ m3

Phosphate 
fertilizer plan

Fluorides
;s

20 mg/m^ as HF

Different
Sources

Dust 5 0 - 1 5 0  mg/m3

H2 S0^ plants so2 12 - 16 Kg/T acid 100%
New H2 SO^lant so2 4 - 1 2  Kg/T acid 100%

India Existing and 
new plants 200

so
T/D ^

0.5 - 5 Kg/T acid 100%

Hj P0̂  plants rfuoridee 0.65-1.5 Kg/T of P2 05

T S P plants Fluorides
Dust

0.075-0.3 Kg/T product 
4 Kg/T product

S S P plants Fluorides
Dust

0.1 -0.5 Kg/T product 
500 mg/Nm3

New HNO^ plants Nitrogen Oxides as NO2 3 Kg/T of 100 % HNO^
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Table( 1-2)Swiss standards for waters and liquid effluents as example
frotr. developed countries

Effluents Characteristics

Tolerance limits mg/f L , max.
River water &
industrial
water

Effluents 
discharged 
into surface 
water

Effluents 
discharged inti; 
open sewerage

T S S, — 20 -

Temperature C, max 25 30 60
P H — 6.5-5,» (T.5 - 9-0

B O D k 20 ♦

C O D N.W * *

Dissolved oxygen 6 6
Oil, fats and grease N.W 20 _

Ammoniacal Nitrogen as N 0.5 * _
Free ammonia as N 0.1 - -

Nitrate ( as N0^) 25 - -

Sulphates(as S0^) 100 * 300

Sulphides (as S ) _____ 0.1 1
Ffcaowides (as F ) 1 10 10
Chlourides(as CL) 100 * 1
Cyanides ( as CN) 0.01 0.5 0.5
Lead ( as PB) 0.05 o.5 0.5
Zinc ( as Zn) 0.2 2 2
Copper ( as Cu) 0.01 0.2 1
Nickel ( as Ni) 0.05 2 2
Cadmium ( as Cd) 0.005 0.1 0.01
Mercury ( as Hg) 0.001 0.01 0.01
Arsenic ( as As) 0.01 0.1 0.5
Iron ( as Fe) 1 2 20
Phenolic compound as C6 ^5 0.005 0.05 5
Residual ( as Cl) — 0.05 0.5 -3
Barium ( as Ba) 0.5 5 ♦

Trivalent Cr.(as Cr^) 0.05 2 2
D . 0 . C . S( as C ) 2 10 - 15 *

N.W - Not worth 
* = Decided case by jase
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xapieiijjIndian standards for liquid effluents discharged into inland 
surface water as example from developing countries

Effluents characteristics | Tolerence limits mg/ L max.
1 2 3

T s s 100 — »

T D S _ __ __

Temperature C AO __

P H 5.5  - 9.0 5-5 -  9.0 5-5 - 9-5
B O D 50

C O D 250

Dissolved oxygen __

Gils and grease 10 __

Ammoniacal nitrogen ( as N ) 50 100
Free ammonia ( as NH^) — — 5

Nitrates ( as No-,) _ __
J

Sulphates ( as So^) — — —

Phosphates ( as P ) 15 __

Sulphides ( as S ) 2 __ _

Fluorides ( as F ) 2 15
Chlorides ( as Cl ) __ —

Cyanides ( as CN ) 0.2 _ _

Leads ( as Pb ) 0.1 __ —

Selenium ( as Se ) 0.5 — _ __

Zink ( as Zn ) 5 — —

Copper ( as Cu ) 3 __ — —

Nikel ( as Ni ) 3
Cadmium ( as Cd ) 2 — —

Chromium ( as Cr^) 0.1 — —

Mercury ( as Hg ) 0.01 __ —

Arsenic ( as As ) 0.2 — 0.2 new plants
Sodium ( as Na ) — — —

Phenolic compounds _ _

( as CgHç-OH ) 1 — —

Resedual chlorine ( as Cl ) 1 — —

1- General . 2- For phosphatic industry .
3- For nitrogeneous fertilizer industry.



Table(1*0U.S.A Standards for liquid effluents from fertilizer plaints
Example fromdeveloped countries

Effluent Characteristics
Tolerence limits ppm or mg / L; max

B P C T C A
1 2 1 2 1 2

A-Phosphate sub-categoi-y
Total phosphorus ( as P ) 105 35 105 35 305 35
Fluorides ( as F ) 75 25 75 25 7^ 25
T S S 150 50 150 50 150 50

B-Ammonia Sub-category
Ammonia ( as N ) 187.5 62.5 50 25 110 55
P H 6 - 9 6 - 9 6 - 9 6 - 9 6 - 9 6 - 1 0

CM-Urea sub-category(not prill**d)
Ammonia ( as N ) 75 37.5 30 35 65 32.5
Org. nitrogen ( as N ) 325 62.5 50 25 75 37.5
P H 6 - 9 6 - 9 6 - 9 6 - 9 6 - 9 6 - 9

C2- Urea sub-category(prilled)
Ammonia ( as N ) 100 50 60 35 65 32.5
Org.nitrogen ( as N ) 250 125 75 37-5 125 62.5
P H 6 - 9 6 - 9 6 - 9 6 - 9 6 - 9 6 - 9

D1-Ammonium, nitrate(prilled or granulated
Ammonia ( as N ) 200 100 150 7.5 100 50
Nitrates ( as N ) 220 110 250 32.5 50 25
P H 6 - 9 6 - 9 6 - 9 6 - 9 6 - 9 6 - 9

D2-Ammonium nitrate (as aqueous solution)
Ammonia ( as N ) 75 37.5 35 7-5 50 25
Nitrate ( as N ) 6 25 32.5 25 12.5
P H 6 - 9 6 - 9 6 - 9 6 - 9 6 - 9 6 - 9

E1-Nitric acid ( using gaseous NH3)

Ammonia ( as N ) 7 0.7 *+.5 0A 5 *+.5 0.i+5
Nitrate ( as N ) 330 370 23 1?0 23
P H 6 - 9 6 - 9 6 - 9 6 - 9 6 - 9 6 - 9

E2-Nitric acid ( using liquid NEj)

Ammcnia ( as N ) 80 8 80 8 80 8

B A T new Sources

Nitrate ( as N ) and P H the same as E 1

B P C T C A 
B A T E A

1

Best practicable control technology currently available 
Best available technolgy economically achievable .
Daily average , 2: Monthly average of 30 daily values.

— 30—



J

k- Pollution Control Techniques and cost :
Various methods for pollution control in fertilizer industry 

have been recognized by developed countries more than one decade 
ago. The cost of such methods will depend on many factors such as: 
size of the plant, status, location, and the degree of pollution 
control required. A good pollution control method should be cheap 
to install, easy to operate and should not generate products which 
are likely them selves to create further pollution or disposal prob- 
lem.Pollution control methods can be categorized as follows :

Air pollution control methods : -
a- SC>2 ,S0^ , acid vapour, acid mist and litrogen oxide?

from sulphuric acid plants 
SCÛ • The most common S0? emission control technique is 
the double contact double absorption process "DC/DA" . 
Considering the current environmental régulafions in 
developed countries,it iBeemæ ne«ess;sry for sulpnurâ© 
acid plants toemploy " DC/DA " process. Such plants will 
cost (10 #) more than " SC/SA " plants. For existing 
plants which must be modified to meet emission regulal- 
ions( most " SC/SA " plants based on sulphur burning 
and high SO2 strength wet gas plants ), and when their 
equipment are of good design. It is possible to convert 
a " SC/SA " plant into " DC/DA " plant. This will need 
addition of gas to gas heat exchanger,a new absorption 
tower, mist eliminator and acid cooler- Rough estimation 
shows that for ( 1000 ) tonnes per day plant, the direct 
operating cost for a " DC/DA " is only about (S 0.2) / 
tonne more than for a " SC/SA " plant. If we consider 
the increase in the production that will be produced 
from the same raw material we may be able to find about 
( $ 0.8 )/ tonne advantage in direct unit operating cost 
for " DC/DA ". Ammonia scrubbing of stack gas is another 
alternative. It can compete economically with "DC/DA " 
process if ammonia cost can be recovered . Ammonia scrub
bing process offers a substantial capital cos. advantage 
over " DC/DA " process for ( 5 % 50^ ) plants. Also to 
decrease the concentration of(SÛ2) in the stack gases by 
increasing conversion efficiency,the cost of the "DC/DA" 
plant may increase considerably ,where as the cost of 
scrubbing plant will not.

* SO
-----1- The reduction of (SO-,) in the tail gas from a sulphuric
acid plant is the matter of the absorption efficiency in the 
absorption tower. Efficiency mere than (99-9 %) can be reached 
by controlling acid concentration and temperature in the absor
ption tower. *

* Acid vapours : Operating at acid concentration less or more than(98.5%)
results in the formation of acid vapour. The reason is that 
(93.5 %) sulphuric acid used in the absorption tower exerts a 
minimum vapour pressure.

— 31 —



Acid mist Acid mist is an aerosol of fipp ^rop? of s’'iph-ir'Ic acid 
with particle sizes up to (10) microns- . It is formed either by 
condensation of sulphuric acid vapour as the gas is cooled, or 
by reactxon between (SC-,) gas and water vapour at a temperature 
at which sulphuric acid^con condence. Escaping (SO-,) in the tail 
gas also will react with the moisture in the atmosphere to form 
acid mist. It is also formed in any acid plant with wet purific
ation section. Acid mist is visible and can be easily detected. 
Therefore elimination of this mist is very important.
Electro static precipitator is used to remove acid mist particu
larly in the wet purification section of the acid plant^high 
installation cost is the main disadvange.
venturi scrubber can also be used,but .high power consumption is 
the major disadvantage. Mist eliminators of different types are 
the most efficient equipment used at present time for misu elimin
ation in sulphuric acid plants.

Nitric oxide During the normal combusion of sulphur, nitric oxides 
are formed. The formation of(NO)is influenced by temperature, 
(S02) and (02) concentrations. Formation of (NO) can be avoided 
by using a modified system for burning sulphur*
The invçstmentcost is not higher than that for normal combusion 
plants.

b- Nitrogen oxides from nitric acid plants:
» Absorption techniques :

The most satisfactory method of recovering more nitric acid 
from the tail gas is by means of extending the absorption cap
acity . This method is a good one for high pressure plants but 
is fairly expensive.

- Wet scrubbing techniques:
The scrubbing with aqueous ammonia to produce a dilute ammon

ium nitrate solution seems to be a good way if this by-product 
can be used. Scrubbing with urea solution is a new alternative 
which is now used by Norsk HydroiTt. is also used to control 
nitrogen oxides formation in nitrophosphate manufacture by 
adding urea in the digestion stage. The installed cost of the 
equipment for the use of solid urea for a (500) t.p.d. medium 
pressure nitric acid plant is about ($300CX^ Operating cost is 
roughly balanced by credits.

- Catalytic reduction :
The alternative to recovering of nitrogen oxides values is 

to destroy them and the main method of doing this is the catal
ytic reduction with.a gaseous reducing agent ( natural gas or 
purge gas from ammonia plant).Ammonia can also be used as redu*- 
ing agent and in this сеяе avoiding the fromation of explosive 
ammonium nitrate is very important.

- Molecular sieve adsorption :
Amolecular sieve absorbant / catalyst is ueed to convert (NO) 
to (N02) in presenee of oxygen and then selectively absorbs 
the NU2 , which is desorbed and recycled to the nitric acid 
plant absorber.
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Rough estimation shows that additional unit operating cost 
for ( 300 ) tonne per day plant will be (8 7 ) per tonne ■for cat
alytic reduction,($ 5 ) per tonne for molecular sieve and (8 3.3) 
for absorption.

c- Dust from urea plants :
One of the main sources of pollution is the air discharged 

from the top of the prilling tower,which may contains^a conside
rable quantity of urea powder ( more than 300 mg/Nin ) . A dedus
ting system with misteleminetor can reduce urea powder in the 
discharging air to less than (30 mg/ Nm3 ) . The obtained urea 
solution ( 15 - 20 % ) urea is recycled back +o the urea plant 
for further utilization. The investment for such dedusting system 
in a (1000 tonne ) per day urea plant will be around (0,5 )million 
dollars ,while the amount of urea recovered may reach 1000 tor... «*) 
per year. In one of our member companies the prilling system was 
modified and fitted with a new designed prilling bucket and the dust 
emission is now meeting the current guidelines for the industrial area.

The alternative to the dedusting system is the replacing of the 
prilling tower by rotary drum granulater . Several new plants have 
adopted the granulation process.

Regarding dust control from urea cyclones of the conveyor and 
drying system of urea,impingement type scrubber is used now in one 
of our member companies with dust collection overall efficiency of 
( 99-6 % ).

d- Dust and fumes from ammonium nitrate plants
The air leaving the top of the prilling tower contains 

A.N dust and A.N fumes. The dust is formed either by attrition 
of solid prills and microprills or from the break-up of solid 
prills on impact at the bottom of the tower,wnile fumes is form
ed by chemical reaction of ammonia and nitric acid vapours 
resulted from dissociation of solidand liquid ammonium nitrat at 
elevated temperatures.

The great difficulty with purifying prill tower effluent 
is its very great volume, the low concentration of fumes and 
the very small particle sizes of this fumes.

Granulation facilities have been installed in some plants 
to overcome the problem of prill tower emissions, while other 
plants have applied the internal shroud system with brink mist 
eliminator, this system has proven to be effective. The capital 
cost of internal shroud system to control pollution in ammonium 
nitrate plant with 1000 M T/day capacity is about 8 1.5 
million. The total saving as result of ammonium mitrate 
recovery is 0.2 - 0.6 8 per tonne .

e- Dust control from ammonium Sulphate Plant:
The removal of ammonium sulphate dust in the off-gas 

from dryer requires special dust catcher to meet with
the allowable low pressure drop of the system.
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f- Dust and fluorides:
Single and triple super phosphate
The conventional scrubblers and packed towers for absorping 

fluorides from exhaust gases by water are not suitable, as they are 
liable to be clogged by precipitated silica which is formed as 
a result of hydrolysis of (Sif k) . Therefore the various 
improved' types of scrubbing systems have been suggested such 
as venturi scrubbers viod towers, etc. To obtain good 
absorption of fluorides,^ gif’ 6 liquor having a strength of 
17 to 2yk Si F6 is used for recirculation in the scrubber.
A suitable system of cyclones or cloth filters should be 
installed before the gas scrubber to collect the finely ground
particles of rock pnosphate which is the main source of P 0 
contamination in Si f 6. Collected solids can be recycled 
to the process.

Phosphoric Acid
Fluorides evolved at the concentration stage amount

to 30 - +̂0$ cf the fluorine in the rock feed. A void tower
is used to absorp these fluorides from off gases by Si F 6
solution. The strength of the recovered fluosilicic acid can
be from 17 to IJfjL with P_o_ contamination not exceeding 100 ppm.c 5

Nitro phosphate
The fluorides concentration in the exhaust gases is very 

low. They are scrubbed with water. The scrubber liquor contains 
a very dilate solution of Sif 6. This is neutralized with 
lime before discharge.

Ammonium Phosphate
A venturi scrubber is used for ammonia recovery from 

exhaust gases from reactor and granulator^a cyclonic spray 
tower is used to absorp fluorides using water as absorbing 
solution. Ammonia in the flue gas from dryer is removed in 
a venturi scrubber and another venturi scrubber is used for 
particulate removal from the air stream of the dry cyclone 
on the product cooling and screening equipment.
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Ammonia in purg gas from sin ammonia plant 
This ammonia is usually recovered by washing purge 
gas with water in a recovery unit and reuse of the 
obtained liquor.
S02 in flue gas from steam boilers and primary 
reformer
It is possible by venting the flue gas from a tall 
chimney 90m to obtain a satisfactory dispersion. 
The cost of reducing S02 emissions from an ammonia 
plant using fuel oil with high sulphur content is 
relatively high.
Gases and vapours discharged during emergency 
period
It is necessary to provide the plants with two or 
three flares; one for wastes containing carbon 
dioxide and a 2nd for wastes containing ammonia.
A third flare may be to serve ammonia storage and 
shiping area. Ammonia vapours from storage tanks 
is usually recovered in a refrigeration unit.
Dust from storage, handling and transféré systems 
A variety of control devices are used to control 
dust emissions from such systems such as cyclone^ 
cloth filters, bag filters, etc. Sulphur which is 
an important raw material for fertilizer industry 
is transported now as liquid sulphur. Tnis will 
offers many advantages such as: easy handling,no
dust emission, clean surrounding and high purity.

Control and treatment methods of liquid effluents:
The fertilizer industry consumes huge quantities of water, mainly 
for cooling purposes, and discharges a variety of liquid effluents 
mainly as waste water with different degree of contaminations.The 
various waste water effluents may he classified as follows:

Clean streams relatively uncontaminated e.g.. once 
through cooling water.
Contaminated streams e.g: cooling tower blow down,
process water from ammonia and urea plants, acidic and 
alkaline effluent*from demineralized water plant, leaks, 
gland cooling water, effluent from compressor house,blown 
down from boilers, barometic condenser water, etc..
Streams containing soluble fluoride and phosphatic contaminants. 
Usually uncontaminated waste waters are kept seperate 
and used for dilution of treated and untreated effluent 
streams to maintain pollutants within tolerance limits.
Meet of waste waters can be treated and recycled for 
reuse. The methods of treatment ir general include 
sedimentation, flooculation , precipitation, neutralization 
filteration, steam or air stripping^hydrolysis, ion- 
exchange and others.
The following are some examples of liquid effluent treat
ments in fertilizer industry:- 

* Oil and grease can be removed from waste streams 
e.g: gland cooling water or effluent from com

pressor house cf ammonia/urea plant by gravity 
type seperator. The oil content can be reduced to 
less than 0.5 ppm.
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The removal of heavy metal ions, suspended solids 
anu acidity can be achieved by lime addition to 
raise the PH up to 9*0 followed by settling, thick 
ening and v»cuum filtration.

For chromates removal from cooling tower blowndown, 
two effective methods are available. The first one 
involves the acidification of the blowndown stream 
to bring down the PH to 3 and then the toxic hexaval- 
ent chromium is reduced to nontoxic trivalent by 
reducing agent. The chromium is then precipitated 
as hydroxide by treatment with lime, and then removed 
and disposed. In the second method ion-exchange 
technique is used for complete recovery of chromates. 
The treated water is recycled back to the cooling 
system.

The acidic and alkaline effluents obtained during 
the regeneration of cation and anion resin beds in 
the demineralized water plant are mixed in neutra
lization tank where the PH is adjusted and then 
the effluents are pumped out. These effluents can 
also be used for the adjustment of the PH of the 
final effluent.

Ammonia content in the process condensate from 
ammonia plant can be reduced to 20 ppm NH3 by 
steam or air stripping. The ion—exchange technique 
can also be used either alone or in combination with 
a stripper. In the later case, the process condensate 
is fed to a steam-heated stripping tower, to remove 
the volatile ammonia and Co2. The vapours from the 
stripper are condensed to recover ammonia. The 
stripped process condensate is pumped through the 
ion-exchanger where the heavy metal ionSare removed 
and replaced with ammonium ions. The water from 
the ion-exchanger is used as boiler feed watei> 
using such systems the cost of treatment may range 
from $ 1.1. to1*^ per tonnes of product.

Ammonia and urea content in the process water from 
urea plant can be reduced to SO ppm of NH3 and 200 
ppm of urea by hydrolysis and steam stripping. The 
ammonia vapours and C02 will be fed back to ( LP ) 
carbamate condenser, while the treated process water 
can be used for irrigation.
The cost of such treatment may range from $ 1.7 to 
$ 2.3 per tonne of product.
The removal of ammonium and nitrate ions contained in 
process water from ammonium nitrate plant can 
be achieved by ion-exchange technique. Using moving 
bed ion-exchanger, the waste water is completely 
demineralized and is recycled to steam boilers. The 
ammonium and nitrate ions are recovered as ammonium 
nitrate solution which is concentrated and recycled. 
The cost of such treatment may range from $ 2 to 3 
per tonne of product.
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* The effluents from sulphuric acid and nitric acid plants 
are acidic in nature. They are mainly generated
due to accidental spillages and leakages from various 
units. These effluents usually are treated with lime 
to adjust the PH before discharge.

* Treatment with lime is usually used to precipitate 
fluorides and phosphate in waste waters from phos
phoric acid and phosphate fertilizer plant* . All 
contaminated waste waters usually discharge to the 
gypsum pond. The pond water discharge is then 
treated with lime neutralisation in order to reduce 
the fluoride and phosphate ion concentration to 
acceptable level. As an alternative to gypsum pond 
disposal, special scrubbers can be installed to 
recover fluorine as hydrofluesilicic acid which
is used as raw material for manufacturing of useful 
by-products like aluminium fluoride and cryolite.
The cost of complete fluoride removal for a phosphoric 
acid plant at a modern fertilizer complex in a 
developed site with water recirculation is more than 
$ k per tonne of P̂ O,. produced.

* The waste water from NPK plant is usually neutralized 
with lime to precipitate fluoride and phosphate in
a clariflocculator. The overflow from clarifloccula- 
tor is treated for removal of ammoniacal nitrogen.

Solid Wastes: The most important solid waste from fertilizer industry 
is the phosphogypsum, resulting as by-product from manufacture 
of phosphoric acid. If this by-product is not economically 
utilized in manufacturing of valuable products such as cement 
and sulphuric acid, ammonium sulphate .. etc., It will be 
disposed of in the sea or on the land. Usually phosphogypsum 
is disposed as solid or slurry. In the later case phospho
gypsum as discharged from the filter in the phosphoric acid 
plant is slurried and pumped to a pond near the phosphoric acid 
plant. The liquor seperating from settled phosphogypsum is 
recycled back to the plant for slurrying fresh phosphogypsum. The 
cost of transport phosphogypsum for a 2 km is about $ 5 per ton of

Conclusions and recommendations:
1- The harmful effects of pollutants, resulting from the 

fertilizer industry, on the environment can not be 
ignored. The discharge of pollutants to the atomosphere 
and water bodies is forbidden in several countries and 
effluents must be treated effectively to abide with 
regulations before discharge.

2- Recycling and reuse of waste waters in fertilizer plants 
or its dilution for irrigation seems to be vital for 
countries with scarce water resources, even it adds to 
the cost of production.
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3- The treatment of effluents ir. a fertilizer complex using 
th<- integrated approach looks to he the heet solution to 
minimize pollution by making use of the different charac- 
terisitics of effluents, emissions and by products. 

k- Consideration should be given to pollution control during
the design stage. On the other hand establishment of 
a department of pollution control and safety for a ferti
lizer complex must be done as soon as possible in order 
to undertake information collection, research, and
training of specialized personnel for pollution control.

5- For regional cooperation and coordination in the field
of pollution control, a technical field study to all
nitrogen fertilizer plant in the Arab Countries should
be carried out to define closely pollution problems,
ways and means of cooperation, and future activities in
this field. Aftar completion of the study an expert group
meeting should fee convened
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2- "Recer.t Developments in Environmental Aspects in Indian 
Fertiliser Industry"

Abstract
Envircnmental aspects - air, liquid and solid - of the Indiar 
Fertiliser Industry and the pollution control measures already 
adopted are briefly discussed. The air and liquid pollution 
control standards as formulated by the ISI, State and Central 
Pollution Control Boards for the existing and new plants are 
given along with a sample estimate of the cost of pollution 
control in a plant. The ongoing research end development 
oriented to minimise the pollution in fertiliser industry and 
the role of FAI are mentioned.

Man's stability depends on his ability to manage the earth's 
resources to avoid sudden discontinuities in supply before alternatives 
are available. If the economic growth is assessed primarily by the rate 
of conversion of raw materials into manufactured goods, then it cannot 
continue indefinitely. The growth will simply be halted by a confronta
tion with environmental limits, unless we learn to adjust in a deliberate 
and controlled manner. At the same time we cannot accept either slow 
growth or no growth control. Pollution is an unavoidable adjunct of 
industrial growth. Eventhough all-out efforts are made to control the 
more abnoxious and harmful constituents of effluents and at the same time 
improve the plant viability through recovery of more expensive byproducts, 
pollution carnot be totally removed. Even a life saving drug like penicillin 
is not free from.undeairable side effects. It is interesting that the 
higher the standard of livina of a society, the greater is its concern with 
pollution. Several reviews, monographs etc. are available in the literature 
on the abatement of pollutants in chemical industries (5,6,7,12 ,14-16 ).

By: Dr. V. Pachaiyapan
(FIE, MAIChE, LMIIChE) 

Director (R&.D)
Fertiliser Association of India



The Indian Fertiliser Industiy, beginning in 19 □ 6 at Hanipet, 
with the production cf 5SF, has been continuously expanding embracing 
a whole range of fertiliser technology, using a wide spectrum of feed- 
stocks and producing a vast array of products. Today, the fertiliser 
industry occupies a pivotal position in the ccuntry, occupying the 4th 
position in nitrogenous fertiliser production in the world. This has 
reversed our tradition of regular import of foodgrains to self-sufficiency 
and even exporting foodgrains to our neighbours. The fertiliser situation 
in India for the coming years is given in Table 1^^. Such an impressive 
growth also has its side effect, namely, the environmental problems.
The consequential atmospheric pollution has not yet assumed a serious 
proportion in India, though it could do so at sore future date.

Table 1: Estimates of Capacity, Production. Consumption
and Gap of N.P.K

( * 000 tonnes )
Capa city Producti on Consumption Gap

Year
N Pn0r N P n N Po0r K_0 N P.,C) K„02 5 2 5 2 5 2 2 5 2

VI Plan
1980-81 4586 1 333 2200 820 3742 11 72 637 1 542 352 637
19 B1 — 82 531 3 1646 3456 1055 4734 1 356 754 1278 301 754
1982-83 5385 1699 3733 1 146 5270 1485 830 1537 339 830
1983-84 5597 2088 3941 1360 5837 1620 910 1896 260 910
1984-85 6567 2366 4382 1556 64 34 1 761 994 2052 105 99 3

VII Plan
1985-86 7662 2566 5046 1751 7062 >908 1081 2016 157 1 081
1916-87 o2 35 2846 56 39 1944 7625 2062 1172 2086 111 1172
1987-08 8580 2846 6056 2030 8411 2221 1267 2355 191 1267
1988-89 9 270 2846 6487 2072 9 1 31 2387 1366 2645 31 5 1 366
1989-90 9615 2846 6815 2072 9883 2558 1468 306e 486 1468

Tha Govt, of India has enacted the Water (Prevention and Control 
of Pollution) Act 1974, Water (Prevention and Control of Pollution) Cesa Act 
19 77 and Air (Prevention and Control of Pollution) Act 1981. Relevant 
statutory agencies et the Centre (like Indian Standards Institution — ISI -
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and Central Board for Prevention and Control of Water and Air Pollution) 
and in the States (Anti Pollution Boards) have fixed standards for various 
industrial effluents and are monitoring the implementation of measures 
for achieving these standards. The ISI has prescribed standards for 
tolerance limits, both for air and liquid effluents of chemical industries 
inciuoing the fertilisers, as given in Table 2 and 3̂  ^  respectively.
These standards are intended to provide guidelines to the State/Central 
authorities to decide suitable restrictions in effluent disposal and to 
the industry for choosing suitable technology, site and degree of treat
ment required prior to the disposal of the effluents. The Indian standards, 
for liquid effluents, as prescribed by the State Boards, are given in
I ab le 4(15).

Table 2 Indian Standard for Gaseous Effluents

1. IS : 6635 - 1977 Indian Standard Limits for Gaseous Emissions 
from Sulphuric Acid and Phosphatic Fertiliser 
Industries

(i) Fluorine (as F
(a) Phosphoric acid plants:

- Existing
- New

1 .50 kg/te of P^O^ 
0.65 kg/te of ^ ^ 5

(b) 55P Plants :
- Existing
- New

0.5 kg/te of product 
0 . 1  kg/te of product

(c) TSP Plants :
- Existing
- New

0.3 kg/te of product 
0.075 kg/te of product

(ii)Particulate Matter when emitted through stacks
SSP Plants 
TSP Plants 4 kg/te of product

(iii) Sulphur Dioxide
(a) Plants upto 200 tpd
(b) Plants about 200 tpd
(c) New Plante upto 200 tpd 
(d ) New Plante above 200 tpd

16 kg/te of product (1 0 0% H^SO^) 
1 2 kg/te of product (1 0 0% H^SQ^) 
1 2 kg/te of product ( 1 0 0% H^SO^) 
4 kg/te of product (100% H^SO^)

(iv) Sulphur Trioxide
(a) Existing Plants
(b) New plants upto 200 tpd
(c) New plants above 200 tpd

5 kg/te of 100% H2 SO4 
5 kg/ta of 100% H2 S04 
0.5 kg/te of 100% H2 S04
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Table 2 : Indian Standarc for Gaseous Effluents
( cor~:iuricd )

15 : 9005 - 1978 Indian Standard Lirits Tor Emissions frcn Nitric 
Acid and I itrocenous Fertiliser Industries

(i) Nitrogen Oxides (as N0^) 
Existing Units 
New Units

(ii) Hydrocarbons (as CH^)
(iii) Particulate Matter 

Existing Units 
New Units

24 kg/te of 100S HNG. 
3 kg/te of 1GOi HND.

5 kg/te cf ammonla

6 kg/te of product 
0.5 kg/te of product

The exact quantity and content of various substances as ammonia from 
ammonia, urea, AS, ammonium nitrate and AF plants and urea from urea plants, 
biocides, chromates, etc., from cooling water, arsenic, K^CO^, caustic soda 
and salts of Fe, Cu, Mn, Mo, Co, etc., acids like PA, HNO^, H^SO^ as 
spillages of acid plants and alkalies from regeneration of ion exchange 
units and plants, aldehydes, etc. from gas compressors etc., phosphates, 
fluorides from PA, NPK, S5P and T5P Plants, will vary with size cf plant, 
nature of raw materials used, the procsss employed and the type of products 
produced.

In view of the likely impact of these effluents on the quality of 
environment and its effects on human health, ecological imbalance etc., 
the fertiliser industry is taking steps to curb the effect of effluents to 
the extent possible. It can be safely said that in India we achieved 
greater success in pollution abatement issue. Theoretically it is very 
good to say that processes for treatment of effluents are available and 
hence the industry should invest in these to make the effluents totally 
pollutant free. However, in practice, this is not easy and sometimes 
impossible to achieve.

In a conflict between industrial activity and zero pollution, the 
extremists would rather opt for the latter. The emphasis today is on R&D 
to firstly evolve processes which 'ill reduce pollution at the design 
stage itself, and than to institute measures which will suitably treat 
the effluents so that the harmful ingredients cer t be brought down to
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acceptable level at a reasonable cost. The two i.e. the extent of pollu
tion centre1. necEssar and its cost have to be suitably harmonised, from 
tnis endeavour have emerged the concepts of "Eest Available Control 
Technology11 leading to "Economically Available Control Technology". No 
longer is "Zero Pollution" the standard even in most industrialised
countries. The recent cost-benefit analysis by the United Nations

( 1 )Environment Programme clearly brought out the fact that the relation 
between cost and efficiency is an exponential one and the region of 
minimum total cost is not at pollution level zero. Hence countries like 
India which are midway between the two must learn from the experience 
of other countries and avcid pitfalls. It is axiomatic that "prevention 
is better than cure" end it is easier to build in suitable safety guards 
at the stage of planning and construction than super imposition at a 
later stage. Of coarse, for existing units there would be no alternative 
to instituting suitable measures gradually in a phased manner. The new 
units may have to instal control equipment which will be capable of 
conforming to the present laws or may be even to the anticipated future 
laws .

It is visualised that "pollution is a visible sign of corporate 
inefficiency... Lots of wastes are useful in themselves... It is money 
that is going up the chimney..."  ̂ An appraisal and control evaluation
of possible impact on the environment of alJ the present and planned 
products due to their chemical and physical structure, general toxicity, 
stability and biodegradability, are being planned. To start with, we
are directing our attention to important aspects like heavy metals (arsenic, 
Cr...) and chelating agents (that keep the toxic metals dissolved in water), 
stable halogenated compounds, non-biodegrcdable synthetic organic chemicals 
etc. An off-shoot cfpollution abatement and control is the opportunity 
that offers for utilising all the materials with the least wastage. Attempts 
are made wherever possible to recycle or recover many expensive ingredients, 
thus adding to the economic viability of the unit.

Adopted Control Measures

The pollution abatement technology in the fertiliser industry 
the world over is of recent origin, still in an evolutionary stage and of 
a more complex nature than that of the chemical and petrochemical industries.
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Un .¿ke many other major industries, large single treatment plants are nor 
an answer to pollution control problems in the ferti-iser industry.
Wh2 t is required is to implement a phased programme in terms of firstly 
minimising pollution through prevention and recycling; secondly, recovery 
of wastes and thirdly, treating the effluents. In a country like Incia, 
the major emphasis in regard to pollution control in fertiliser industry 
has been orr prevention, recycle and reuse of waste and finally waste 
treatment.

Briefly, the salient features of a few of the pollution control 
measures adopted by the fertiliser industry are given below.

Major components contributing to the atmospheric pollution are 
SO^ (from fuel oil, coal, naphtha, H^SO^...), N0^ (from HNO^, coal burning...), 
dust and the vapours of ammonia. The 50^ emission is considerably reduced 
by the introduction of DCDA system having 99.5 per cent conversion efficiency 
in H^SO^ plants. Special mist eliminators are provided before any gas is 
vented through a tall stack for better dispersion. The N0^ can be controlled 
by many methods like catalytic combustion, acidic liquid urea scrub and 
alkaline wash method. The aresenic, from leakage or spillage, is collected, 
concentrated and packed in concrete containers and buried. One company 
has had to instal a 3-km long PVC pipe line into the sea so as to discharge 
any harmful effluent into the sea. The company is also having an aquarium 
to study the harmful effects of effluents on varieties of fish so that 
the effluent content from the plant is well below the safe level.

In most of the plants, the ammonia and urea plant effluents are
treated by one of the following well known methods : air stripping of
ammonia, high pressure stripper/hydrolyser stripper and biochemical removal 
of nitrogen. A pilot scale air stripping unit was designed by an unit and 
the operation mrs economical when combined with lime treatment for removal 
of phosphates from a complex plant, though air stripping may become less 
acceptable in future as air pollution concrol regulations become more 
string ent.

Several companies have already carried out studies to measure the 
gaseous and solid pollutants from the urea plant in different zones, cover
ing about 1000 metres radius, with the prill tower as the centre. Some of
the units near big towns plan to monitor pollution levels at various places
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Table 4 i JjTdj_an̂ J5tjindardj_fjii_Lj:t̂ id Effluents as Prescribed 
by State Boards for Prevention and Control of Water 
Pollution (15)

t o l e r a n c e  l i m i t s

1
Maharashtra Uttar PradeshEiHuent characteristic

<VestKarnataka Kerala Disposal into Rajasthan
Disposal into Disposal Bengalsaline Inland surface on land for

waters water iriigation

1. TSS, mg/l; mix. 100 100 100 — 100 — 100
2. Panicle size of TSS, Micron; 850 %50max. 850 — — — —
3. TI3S. m|/l; max. — — — — — 2100 —
4. Temperature, *C; max. 40 40 — — 4*3 — 40
5. PH 5.5— 9.0 5.5— 7.0 5.5— 9.0 — 5.5— 9.0 5.5— 9.0 5.5-9.0
6. BOD, mg/l; max. 3*1 30 100 — 30 500 30
7. COD, mg/l: max. 250 250 250 — 250 — 250
8. Dissolved oxygen rag’1;mifi. — — 5 —
9. Oils and (rr.i'e. mg/l; max. 10 10 — — 10 30 10
in. Ammon:cal nitrogen (aa N), mg'1: max, 50 50 50 - 50 — 50
11. Free ammonia (as N), 

mg/l; max. 12 1.2 — — — - —
12. Nitrates (as NO.,), mg/l; max — — — 50 — —
13. Sulph tea (as S04), rog/l; 

max. — — 5 — — 100 —
14. Phosphates (as P). mg 1: 1.5 5.0max. —
15. Sulphides (as S), mg/l; max. 2.0 _ _ _ 2.0 _ 2.016. Fluorides (as F), mg/l; max. 2.0 2.0 10 _ 2.0 _ 2.017. Chlorides (as Cij. mg/l; max. 1 — _ — _ 600 ___
18. Cyanides (as CN), mg 1;max. 0.2 — — — 0.2 — 0.2
19. Lead (as Pb). mg/l; max. 0.1 — — _ 0.1 _: 0.1
20. Selenium (as Sc), mg/l;max. 0.05 — — — 0.05 _ 0.0521. Zinc (as Zn), mg/l; max. 5 5 _ _ 5 5
22. Copp* r (as Cu). mg/l;max. 3.0 — — — 3.0 _ .3.0
23. Nickel (as Ni), rag 1; max. 3.0 — _ _ 3.0 . .3.0
24. Cadmium (as Cd). mg/l;

max. 2.0 — — — 2.0 — 2.0
25. Ilexavalent chromium (as 

Cr*-*). mg/l; max. 0.1 0.1 _ 0.1 0.1
26. Mercury (as Hg), rap/l;

0.01max. — — — 0.01 _ 0.01
27 Aiseoic (os As.) mg/l;max 0.2 0.2 — — 0.2 — 0.2
28. Per cent so. ium (as Na); 

Max _. __ . _ 60
29. Iron las Fe>, mg/l: max. ■ — — 0.3 _ _ _
30. Free carbon dioxide (as 

(Ofi, mg/l; max. — — 90 _ _ _
31 Phenolic compounds (is

C,H,'lllj mg,' ; max. 1.0 — — — 1.0 - 10
32. Residual chlorine (as Cl), 

mg/l; inax. 1 1.0 , _ 1 _ 1
31 Jlarium < li i), mg/l: mu к — — — 0.3 — —
14. Vanadium in* V) шц 1;

max. ill — — -- — —
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better image of the fertiliser units, rather than initiating action after 
conplaints build up. Cn,e company has adopted the continuous air quality 
monitoring system. Its essential components are stack monitoring, in 
situ monitoring, air quality monitoring both mobile and air quality net 
work. The company measures relevant data and correlates it with metero- 
logical parameters like wind velocity, wind direction, humidity, temperature 
etc., for the following purposes : to check pollution level to comply with 
stipulated standards; to determine the material loss and to follow the 
trend to correlate the events with their causes to find suitable remedies; 
to identify the worsening, of emission control for preventive maintenance 
and as a record of defence in a pollution episode. Considerable attention 
has been paid to the training of personnel for the operation and maintenance 
of continuous monitqring with recording. This company has adopted the total 
systems approach to bring down to the bare minimum level of the concentra
tion of pollutants. It has had planted over 25,000 trees in and around the 
plant by supplying saplings, agricultural inputs and technical knowhow free 
of cost to the residents in and around the factory with the dual purpose of 
growing more trees and to dispel the false notion that trees are difficult 
to grow in and around the factory. Another fertiliser company has set up 
a small agricultural farm to demonstrate to the neighbouring community that 
the partly treated effluent in lagoons etc., can be usefully deploy.ed for 
increasing agricultural production. Their extensive pot culture experiments 
and field trials with varieties of crops have bean highly successful. The
company is working out the economics of the pollution control methods to

(9 )be implemented shortly as given in Table 5

Table 5 : Economics of Pollution Control Measures

____________________________________________________________ Rs. (million )
1. Installation Cost

A. Main Effluent Disposal Scheme
(o' Consultancy fee to various organisations 0.025
(b) Construction of ammonia effluent tank, main

effluent tank, pumping systems, ate. 1.935
(c) Construction of urea affluent tank, pumping

system, formation of lagoons, etc. 0.700
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T a b l e  5 : E c o n o m i c s  of P o l l u t i o n  C o n t r o l  M e a s u r e s  ( c o n t d . )

Rs. (million)
3. Water Treatment Plant

(a) Pre-neutralisation tank 0.140
(b) Neutralisation tank and connected facility 0.3B3

C. Ammonia Plant
(a) Arsenic waste collection L treatment system 0.385
(b) Condensate recovery system 1.400
(c) Chromate removal system C.75G

D. Urea Plant
(a) Oil separator 0.011
(b) Urea crystalliser cooling tower and pumps 0.900

E. Sulphuric Acid Plant
(a) Sulphur dioxide recovery system 1.950
(b) Cost towards increasing chimney height from

50 m to 70 m 0.250

F. Phosphoric Acid Plant
(a) Fluorine recovery system, line neutralisation

and pumping facility 2.850
(b) Improvements to neutralisation facility 0.300

G. Effluent Reuse
(a) Pot culture studies ?n reuse of effluent water

and field studies 0.016
(b) Effluent farm under implementation 0.500
(c) Modifications to water supply system to farm

as a result of implementing chromate
removal system 0 . 2 0 0

12.695

2. Cost of Schemes under Consideration
(a) Fluorine recovery plant (cryolite manufacture) 8.000
(b) Steam stripper for urea plant effluent 4.500

12.500
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Rs. (million )

T a b l e  5 : E c o n o m i c s  of P o l l u t i o n  C o n t r o l  M e a s u r e s  ( c o n c l u d e d ^

3. Operating/Maintenance Cost (per year : approximately)
(a) Neutralisation of water treatment plant effluent 0.825
(b) Neutralisation of acid group of plant effluent 2.000
(c) Effluent pumps maintenance and operating cost 0.215
(d) Sulphur recovery system and fluorine removal system 0.200
(e) Steam consumption in steam stripper 3.000
(f) Effluent farm and lagoon maintenance 0.160
(g) Chromate removal plant 0.400

7.600

Another plant in the west has adopted the following measures : 
replacement of arsenic based C0  ̂ recovery system by glycine system; 
replacement of reciprocating pumps (carbamate pumps) by centrifugal pumps; 
pumping back barometric condensate water to cooling towers in urea plant 
thereby reducing consumption of fresh water; plant modifications such as 
prilling nozzles, modification of plunger pump house, replacement of 
centrifuges, installation of mechanical seals on pumps, recovery scheme 
for CFD washings thereby reducing effluents and specially ammoniacal 
nitrogen from the urea plant: installation of polyethylene lined lagoon 
for collection and evaporation of effluents from the urea plant; use of 
AS plant effluent for repulping of chalk; use of bleed water from chalk 
pond for pan filters of PA plant, thereby minimising bleed from chalk 
pond to effluent; use of chalk pond water for Dust Scrubber in the grinding 
section of PA plant thereby reducing consumption of fresh water; use of 
sewage from factory and factory canteens as nutrient to the BOD Reduction 
plant reducing consumption of phosphorous; modifications in the Caprolactam 
plant such aa provision of mechanical seals for all pumps, replacement of 
oil seals and oil cupa, replacement of better material and better design 
to minimise leakages ; phosphates and fluoride reduction; dust recovery 
from DAP plant; expansion of BOD plant etc. to meet the statutory norms 
and,if possible, to reach the ideal zero discharge of effluents.
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P.e s e a r c h  in P o l l u t i o n

In recent years, enormous interest has been focussed on R&.D in 
fertiliser industry all over the world, particularly in India, to utilise 
the effluents to inter alia improve the economic viability of the industry. 
These and other developments have been reviewed -"Tsewhere^ ̂ . In India, 
most of the fertiliser companies have attempted to set up their own R&.D 
to cater to their needs for which incentives are also available from the 
Govt, of India, in the form of tax concessions. Attempts are made to 
recover the effluents in the form of useful, saleable materials, rather 
than breaking into elements. The biological treatment method for urea, 
the arsenic treatment method and the electro-biolysis method tried/

( g )
suggested in India are available in the literature'

Fluorine emanating from phosphatic plants (PA, S5P, T5P, etc.)
has been successfully controlled by converting F into cryolite and AlF^,
based on their own inhouse R&.D in the companies independently. Attempts
are being made in several research laboratories to rsduce No^ level much
more effectively. The use of fluocculants to recover carbon from carbon
slurry of gasification processes and other pollution methods presently

(13)followed in various units are available in a recent’publication . A 
few companies are attempting to recover uranium from PA/Rock Phosphate 
with the dual purpose of recovery of uranium and control of any possible 
pollution hazard. The importance of uranium recovery in phosphatic 
industries to reduce dependence on imported uranium supply needed for our 
nuclear reactora has been brought out in a review^ Byproduct gypaum is 
being successfully used for the production of ammonium sulphate in 3 plants, 
based on the Indian know-how. In a plant, it is planned to use gypsum 
for the production of low grade cement. Possibility of using gypsum 
as a coating agent with/withdut rockphosphate on urea has been investigated 
and encouraging results have been obtained. One plant in the east has 
installed an Ion Exchange type unit, developed indigenously to treat 
effluent with an ammonia concentration of 1 0 0 0 ppm, coating the ammonia to 
AS.

A cheap reduction technique to convert Cr+  ̂ to Cr+ ,̂ by using boiler 
flue gas with the added benefit of reducing part of ammonia from the 
effluent water, was developed in a company. According to that company, 
its method using packed scrubber, is claimed to be cheaper than the other 
methods available, such as ferrous sulphate addition, vanturi scrubber, 
electro chemical systems and ion exchange method. In 1976, a continuous
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semi commercial unit was set up. The specifications as recommended by 
the company are given in Table 6  ̂ 1 1 .

Table 6 : Flue Gas Scrubber Specifications

Cooling water flaw : 136 m /hr.
Ammonia liquid flow 3 ,: 3.5 m /hi.
Flue gas flow : 2 x 17000 NM3/hr
Gas temp. : 200 °C
Head required for blower : 50 cm W.C,
Motor H.P. : 60
Packing : 5 cm Ceramio rachig rings

MATERIALS OF CONSTRUCTION
Steel (bottem) : Acid proof brick lined MS

(top) : Apoxy printed MS
Grating (top L bottom) • tl
Gas duct : Ceramic tile lined steel (outside
Water outlet line : Rubber lined steel
Estimated cost : Rs. 0.4 million

The scrubbing liquid (cooling water) containing 20-400 ppm of chromate 
is fed from the top. Flue gas (0.2 per cent 50^) is pushed into the packed 
bed counter-currently, at an optimum aas/liquid ratio of 24. The Cr+ 3  

leaves the packed bed as soluble C^iSO^)^ and this is converted into 
insoluble hydroxide (totally free from toxic effect) by treating with waste 
ammonia liquid (purge gas liquor) thereby bringing down the effluents to 
conform to 151 standard. The commercial scale adoption, the company claims, 
will be an "appropriate technology" suited to the one's own needs at an optimum 
cost.

Role of FAI

The FAI - national representative body of the fertiliser industry in 
India - is doing useful work in the field of pollution control also. Its 
Pollution Control Advisory Committee is actively involved in constantly 
monitoring the atetus of pollution problems of the fertiliser industry. It 
periodically reviews the existing effluent statutory control measures based 
on techno-economic considerations. Periodically group discussions are

— 51—



arranged, inviting selected experts in the field, preferably at one of 
the plant sites, to discuss industry problems in depth by choosing for 
each meeting, a specific well defined area. Guidelines in the form of an 
action plan are suggested for consideration and adoption by different 
units based on shared experience. Thus, useful and practical information 
is disseminated for the benefit of the entire industry at the minimal 
cost. The FAI is represented on the 151 and other Regulatory Boards and 
t^us acts as a bridge between these agencies and the industry so that 
industry's views and experience in the field of pollution are adequately 
appreciated.

In conclusion, in conformity with the country's requirement in 
pollution abatement, fertiliser industry is in the vanguard. A wide 
diversity of measures have been adopted by various units depending upon 
the technology adopted for product manufacture. These and other details
are brouoht out periodically and disseminated by the FAI through group
.. ( 8— 1 □ ) ... ". (12) , (4,15) . . . . . . .discussions , publications and books to make the industry
aware of the developments in India and elsewhere so that the life of the
people, more particularly the neighbourhood, can be made pleasant.
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*
3- EFFLUENTS AND MEASURES OF POLLUTION 

CONTROL IN JFI's FERTILIZER COMPLEX 

IN AQABA, JORDAN

1• INTRODUCTION
The construction of JFI's Fertilizer Complex in Aqaba began
in mid 1978, ana commercial production is expected to commence 
in the second half of 1982.
The complex includes:

A sulfuric acid plant designed to produce 1,800 t/d of 
sulphuric acid from each of two identical units ,
A phosphoric acid plant designed to produce 1,250 t/d of p?°qZ D t
A fertilizer granulation plant which consists of two units
each sized for the production of 1,200 t/d of diammonium
phosphate (DAP) or nonoammonium phosphate (MAP).
A utilities plant to supply the complex with electricity,
steam, water, compressed air and other required services,
A sea water intake station which provides sea water for

3plant cooling at a rate of about 19,000 m / h , and 
. A deep water dock which is used to load bulk granular 

fertilizer and phosphoric acid and off load fuel oil, 
liquid ammonia, and molten and dry sulfur.

2. SITE LOCATION AND POLLUTION CONTROL
The site is located at Wadi-2, 15 km. south of the port of Aqaba. 
Wadi-2 is further located as the second valley north of the coastal 
border of Saudi Arabia. The gulf of Aqaba is about 160 km. long 
and 16-26 km. wide, narrowing to about 5 k m s . at its northern end. 
The gulf is remarkably deep for its width, reaching a maximum of 
1829 m. The 400 fathom isobath defines two basins, a northern 
shallower one of 1100 m depth and the southern one with typical 
depths of 1400 m. The gulf is separated from the Red Sea by a 
submarine sill that varies in depth from 175 m to 350 m. This

Prepared by : Najem Hammadi.
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combined with the fact that the Strait of Tiran is quite narrow, 
means that the deeper waters of the gulf of Aqaba are largely 
cut off from circulation with the Red Sea.
Aqaba is Jordan's main port. In addition, it is Jordan's 
sole water access. It is also an important tourism center, as 
the gulf of Aqaba is renowned for its clear waters, corals 
and rare sea life forms.
The need to preserve and protect the natural environment in 
the area is thus obvious.
On this basis, the Aqaba Fertilizer Complex was designed, 
engineered and constructed to very stringent emission and 
effluents criteria.

3. AIR POLLUTION CONTROL
Bunker C fuel oil is used as fuel in the auxilliary boilers of the 
utilities plant. The resulting gaseous effluents are rented 
to the atmosphere through two concrete stacks each 86 m high. 
Further, the combustion process itself is constantly monitored 
and controlled to ensure appropriate burning of the fuel oil.

The sulphuric acid units were designed such that the gaseous 
effluents contain less than one ppm of SO^ and 0.03% by volume 
of SO^. The stacks in this plant are 70 m high.

The washing columns of the gases produced in the attack unit 
of the phosphoric acid plant were designed such that the fluorine 
emitted into the atmosphere does not exceed 350 grams per hour.
The stacks in this plant are 47 m high.

In the granulation plant, the washing columns of the gaseous 
effluents resulting from the reaction of phosphoric acid are 
designed such that the amount of fluorine that is released to 
the atmosphere does not exceed 15 kg/per day. The stacks are 
42 m high.

Special washing columns and stab's were designed and constructed 
for gases which might be emitted from the phosphoric acid 
storage tanks. All storage tanks are covered to avoid fluorine
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emission auectiy into tne atmospnere.

Phosphate rock unloading facilities are supplied with filters 
to cleanse the air from dust and to prevent it from escaping 
into the atmosphere.

4. WATER POLLUTION CONTROL

Sea water is utilized for the major cooling requirements in the 
complex, namely steam condensation in the utilities plant and 
the sulphuric acid plant. Provision was made to ensure that the 
temperature of the sea water returned to the gulf will not be 
increased by more than 10°C and thus the temperature of the gulf 
waters in the vicinity will not be increased by more than 2°C.

Very small quantities of waste water will be released into the 
gulf after being neutralized and treated, such that the amount of 
suspended solids will not exceed 30 mg/litre and the BOD will not 
exceed 20 mg/litre.

Almost 43,000 cons of Fluosilicic acid per year will be produced as 
a by-product in the phosphoric acid plant. Fluosilicic acid will be
extracted during the concentration process of phosphoric acid,
and will be partly used to produce aluminium fluoride, whereas
the remainder will be neutralized and then disposed of with
the gypsum which will be discussed later here.

Water used in the phosphoric acid and fertilizer granulation
3plants will be returned to a cooling pond of capacity 29,000 m .

Suspended solids will be treated in an evaporation pond of capacity 
322,000 m to avoid polluting the sea and neighbouring areas.

JFI has gone to great lengths not to pollute the gulf of Aqaba and 
preserve its sea life forms and the purity of its waters. Large 
sums of the project's budget were dedicated to the construction of 
water treatment facilities and to prevent leakage of waste waters 
into the gulf or the underground waters inspite of the fact that
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many plants in developed countries dispose of their wastes directly
A  V »  *  *  /N  X -  W  i -  ^j.11 1 . 0  x. j. v v ^ j. 0  \*/X- c u o  c > c u  •

5. LAND POLLUTION CONTROL

Almost 2 million tens per year of gypsum are produced as a 
by-product in the phosphoric acid plant, and have to be disposed 
of safely. It was thus necessary to look for a place, far from 
the sea, where gypsum could be stored safely for many years to 
come. Following several investigations conducted into this 
problem, it was decided to store the gypsum in a valley, 3 km. east 
of the site. Preliminary studies showed that five to ten years 
of the gypsum production could be stored there.

This solution, inspite of the extremely high cost associated with 
it, was found to be the most suitable since that area is uninhabited 
and does not contain underground waters, and thus our goal of 
preserving the environment will be achieved. Solid gypsum will be 
transported from site to the valley by a conveyor belt. Means are 
provided to distribute the gypsum in the valley.

6. CONCLUSION

It can thus be seen that the complex has been designed and 
constructed in accordance with very stringent pollution control 
criteria, in order to preserve the environment and prevent its 
pollution.

JFI did not spare any costs to achieve this goal.

Finally, our laboratories have been especially equipped to 
monitor and control the complex's effluents during production,and 
a special branch was founded within the Safety Department to 
make certain that the pollution control criteria we have set 
are being observed during production, as an additional guarantee 
to achieve our goal.
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4 - STEPPING FORWARD TO ENVIRONMENTALLY BALANCED FERTILIZER 
COMPLEXES BY INTEGRAL PLANNING EFFECTIVE OPERATION AND

SUMMARY
Our todays environmental problems are very seldom caused by the 

missing technology for environmental protection but are very often originated in 

the missing integral view of the management.

This paper tries to assist the planning engineer of a fertilizer complex in 

obtaining an integral view by supplying him with information on processes and their 

by-products possible by-product processing within the complex, i.e. integral 

planning" as well as to show the importance for the management to obtain 

additional support from the production management by "effective  operation" and 

the maintenance management by "preventive maintenance".

With this index of an integral view one should be able to stepp forward to 

an environmentally balanced fertilizer complex.

INTRODUCTION
The present environmental pressure varies very much for different 

locations of fertilizer complexes, but the existing pollution problems are 

demanding the application of proper environmental standards (see slide No. 1 and 

OP 1) for all fertilizer complexes to avoid disasters when expanding your fertilizer 

complex in the future.
Chemie Linz e.g. have been under an increasing environmental pressure 

over the last 40 years, since the Chemie Linz plant is facing on the one side the 

river Danube and on the other side a residential area of the city of Linz. (Slide No.

2 gives you an impression about this situation.)
With this background Chemie Linz was forced to:
1. follow an integral planning taking into account all products and by

products and to find optimal recycle-conditions

2. improve the supervision of the plants to avoid off-spec streams and 

uncontrolled shut-downs, which means effective operation

3. work with the preventive maintenance philosophy to limit plant shut

downs due to faulty materials.

Chemie Linz is prepared to make available this know how to other 

companies and in the following chapters some of the aspects are discussed. ★

★
B y ;  H. D. Schneider

(Chemie Linz AG, Austria)
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1- INTEGRAL PLANNING
The integral planning i.e. the consideration of all possible

processes including available by-product processes for a fertilizer

complex by the planning engineer will consequently lead to a fertilizer

complex with environmental and economical feasible solutions.
Slide No. 3 is showing an interlocking matrix for the major

processes of a fertilizer complex, which can be used as a checklist in 

finding out possible combinations. Such a matrix should be kept conti

nuously up dated as a real tool for the planning department of your company. 
The following process survey provides the information, which is

necessary for the integral planning.
The figures are generalized and they should show only the

tendency. For an exact overall balance for a complex the actual used

raw materials and the process particularities have to be taken into account. 
OP 2 is showing us the data on basic processes:

1.1 BASIC PROCESSES
1.1.1 PHOSPHORIC ACID PROCESS
1.1.1.1 Dihydrate process

(acid from 28 to 32 % P-fl^ wiU be obtained)

Available processes:

DORR-OLIVER

FISONS

PRAYON

PSG-UCB (PECHINEY SAINT GOBAIN - UNION CHIMIQUE 

BEDRIJVEN S.A.)

SINGMASTER <5c BREYER 

RHONE - POULENC

By-products:

a) Phospho-gypsum, approx. 5 t/t P^^^

(as dry dihydrate)

b) Fluosilicic acid, approx. 7 kg/t P 

(as F from attack section)

ad.a) Special know-how (e.g. from Chemie Linz) is necessary to reduce 

the fluorine and content to allow further use of the

phospho-gypsum in the sulphuric acid and cement as well as for 

the ammonium sulphate production. The phospho-gypsum may be 

also used for adjusting the retard setting of the cement. If the 

phospho-gypsum gets recrystallized it will be also accetabie for 

the production of wall boards and plaster of Paris.
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ad.b) This fluorine is normally emitted with the waste water, but in a 

balanced complex it may be well utilized as an additional raw

material source for aluminium fluoride or tiuosiiicate production.
1.1.1.2 Hemihydrate-dihydrate process

(acid from about 30 % will be obtained)

Available processes:

MITSUBISHI

NISSAN

NKK

1.1.1.3

By-products:

a) Phospho-gypsum, approx. 5 t/'t P2°5 

(dry dihyrate)

b) Fluosilicic acid, approx. 7 kg/t P2O3 

(as F from attack section)

ad.a) Normally this phospho-gypsum may be used without any special 

treatment for adjusting the retard setting of the cement or for 

the production of sulphuric acid and cement as well as after 

partial calcination as plaster of Paris, 

ad.b) Comments equal to the ones for the dihydrate process.
Acid with 42 % - 50 % P 2O5 will be obtained directly with the 

newer processes from FISONS (HDH) or NISSAN C. Experience about the 

possible conversion of this by-product-gypsum is not available. 

Hemihydrate process

(acid from about 38 to 42 % or more will be obtained)

Available processes: 

there are developments from

ALBATROS, FISONS, HEURTEY, LANDSKRONA, NORDENGREN.

The older processes have been causing some operational 

problems and they have been seldom applied inspite of the advantage of

the more concentrated acid.
By-products:

a) Phospho-gypsum, approx. 3,9 t/t P^O^

(as dry hemihydrate)

b) Fluosilicic acid, 7 kg/t P^O^

(as F from attack section)

ad.a) Special know-how for reducing the fluorine and content is

essential for further use in gypsum sulphuric acid plant. The high 

impurities (mainly P20 )̂ may a*so cause problems when used for 

the conversion to ammonium sulphate (filter stage), 

ad.b) Comments equal to the ones for the dihydrate process.
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With the newer dihydrate-hemihydrate process (e.g. PRAYON-
/ - C M T D A T  n  T A C C \I IVJ \_/_// VIIV ^ 1 o »* Klf nrrt̂ lir't r* ~-. r n n H  t-f\ r ac mentioned
under 2.1.1.2.

New processes of OCCIDENTAL and FISONS are producing 

directly up to 50 % ^2^3' ExPerience for the conversion of this by

product-gypsum is not available.

1.1.2 PHOSPHORIC ACID CONCENTRATION PROCESS
(Concentration of acid from 30 to 3k %)
By-product:

fluosilicic acid, 55 kg/t P ^  (as F)

This process is the main source for fluorine for conversion to 

aluminium fluoride (AIF^), cryolite or fluosilicates.

For the concentration of the acid from a hemihydrate process 

with about kO % to 5k % the by-product fluorine will be less, related to

the higher initial concentration.
1.1.3 SINGLE SUPERPHOSPHATE PROCESS (SSP)

By-product:

fluosilicic acid, approx. 5,5 kg/t SSP (as F)
The Chemie Linz AlF^plant is based on the recovered

fluorine from SSP-production.
1.1.4 TRIPLE SUPERPHOSPHATE PROCESS (TSP)

By-product:

fluosilicic acid, k kg/t TSP (as F)
The fluorine recovery is very small and will be only of

interest if it will be combined with other fluorine sources of a complex.
There are other process steps where fluorine is evolved but it

will be rather difficult or nearly impossible to recover the fluorine.

1.1.5 DRYING AND CALCINING OF GYPSUM
No fluorine can be recovered, since the amount of released

fluorine is very small related to the o ff gas.
1.1.6 DRYING OF COMPOUND AND COMPLEX FERTILIZERS

Fluorine recovery from the o ff gas from compound and

complex feriilizer production will be impossible due to high dust load and

also chemical impurities (e.g. chlorine).
Only the drying stage of fertilizers with a single P j 3̂

component could supply fluorine for a recovery as fluosilicic acid. Care 

must be taken to find for the recovery economical and physical con

ditions (temperature and concentration).
1.2 GYPSUM ACCEPTING PROCESSES

1.2.1 PLASTER, GYSPUM BOARD AND GYPSUM PANELS
Phospho-gypsum for this application should be with low 
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impurities regarding the P 2^5 fluorine content. Phosphoric acid and 

other phosphates cause retardation of early setting and at this time 

lowers the strength of the hardened body. Fluorine compounds shorten 

setting time, and although there is a tendency for lowering the strength, 

the e ffect is small.
Due to that fact phospho-gypsum frjm  hemihydrate-di- 

hydrate process is superior for this application where phospho-gypsum 

will be obtained with as low as 0,15 % an<̂  0>18 % fluorine concen

tration which needs no neutralization.

Phospho-gypsum from dihyrate process needs special treat

ment (e.g. defluorination by Chemie Linz know-how) repulping and 

possible neutralization.

There are some processes for reprocessing the phospho- 

gypsum (GNJLINI, ICI) which are giving also suitable gypsum for above purposes.

1.2.2 GYPSUM FOR RETARD SETTING OF CEMENT
Phospho-gypsum from dihydrate processes is needing special

treatment before drying according to ONODA or CHEMIE LINZ know

how, but phospho-gypsum from the hemihydrate-dihydrate process can be 

used with less difficulty.

1.2.3 PRODUCTION OF CEMENT CLINKER AND SULPHURIC ACID
Production of cement clinker and sulphuric acid base^ on

phospho-gypsum from dihydrate, hemihydrate-dihydrate and dihydrate- 

hemihydrate (PRAYON/CENTRAL GLASS) from phosphoric acid process is solved.

Chemie Linz is operating its sulphuric acid and cement

clinker plant, based originally on natural gypsum since 1966 with

phospho-gypsum from PRAYON-dihydrate process and a licenced plant is

operating at Phalaborwa in South Africa based on phospho-gypsum from

PRAYON/CENTRAL GLASS process since 1972 very successfully.
Special know-how allows to lower the ^2®$ anĉ  flu°rlne

content from dihydrate phosphoric acid process down to 0,5 % an<̂

0,15 % fluorine based on dry dihydrate, which is essential for a proper cement.

Phospho-gypsum from the hemihydrate-dihydrate process 

with its lower impurity content is used also widely for the production of 

cement and sulphuric acid.
The co-production of cement clinker and sulphuric acid 

makes it necessary to evaluate the credit for one of the two products. If 

you know the credit for the cement clinker you can calculate the total 

production cost for the sulphuric acid.
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The investment costs are considerable higher than for a 

single sulphuric acid plant based on brimstone but in spite of that fact 

CISA/South Africa and Chemie Linz are operating their plants econo

mically and successfully. With rising brimstone prices this process will 

gain further importance.
The consumption figures are shown in OP 3. By this process 

you can solve your wrste gypsum disposal problem and at the same time 

you will decrease the dependance of your complex from outside raw 

material supply.

1.2.4 AMMONIUM SULPHATE PROCESS
The well-known ammonium sulphate process (Merseburg-

process) was modified by Chemie Linz to use phospho-gypsum instead of

natural gypsum or anhydrite. The Chemie Linz plant with 180 000 t/a

based on natural gypsum was modified in 1967 for use of phospho-gypsum

and the process has been licenced already to India and California.
There will be no problem with the phospho-gypsum from

dihydrate and hemihydrate-dihydrate and dihydrate-hemih ydrate

processes but with phospho-gypsum from hemihydrate processes care has

to be taken to avoid filtration problems due to calcium phosphate formation.

*
The consumption figures are shown in OP 4. This by-product

caicium carbonate can be further used in the calcium-ammonium nitrate

fertilizer production or in the cement production.
By the conversion of phospho-gypsum to ammon:um sulphate

one can avoid the installation of a disposal site.
The third group of processes are the

1.3.

1.3.1

FLUORINE ACCEPTING PROCESSES
PRODUCTION OF ALUMINIUM FLUORIDE

The Chemie Linz aluminium fluoride process based on fluo-

silicic acid accepts fluorine from various sources within a phosphoric

acid and fertilizer complex.
The specification should be as follows:

H 2SiF6

P2°3

Cl

17 - 25 w% 

ma,.. 250 mg/1 ^

max. 

1 g/1

70 mg/1
2)

clear liquid n0 suspended matter
1) This limit was set to reach only 100 ppm P ^  in the final

product. It may he actually accepted higher from the side of
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the aluminium industry. On the other side a new fluorine 

absorption unit should be designed with minimum possible 

P20<j ievel in fluosilicic acid (approx. 50 ppm) to make 

maximum mother liquor recycle (decrease of consumption 

figures) possible.
2) Higher chlorine contents (up to 20 g/1) are increasing the

consumption figures and are influencing the selection of the 

material for the equipment.

The consumption figures are shown in OP 5.

By-products:

Silicic acid may be recycled to the phosphoric acid and the fertilizer 

complex, for what Chemie Linz may offer also detailed advice for a 

general improvement.
Effluent:

Mother liquor as mer .ioned before. Recycling to the fluosilicic acid 

absorption unit will be possible. Otherwise neutralization of the mother 

liquor is necessary.

Waste water from the scrubber may be used as make up water in the 

phosphoric acid complex.

1.3.2 PRODUCTION OF CRYOLITE
Regarding the fluosilicic acid for the production of cryolite

based on the Chemie Linz process the specification will be similar to the

one for the production of aluminium fluoride (see 2.3.1).
The consumption figures are shown in OP 6.

The by-product silicic acid and the waste water may be 

reused for the aluminium fluoride process as mentioned before.

1.3.3 PRODUCTION OF SODIUM FLUOSILICIC AND POTASSIUM FLUOS1LICATE

Sodium fluosilicates are often used in water fluoridation (also 

fluosilicic acid). Processes are available for the production of these 

fluosilicates and they are also used in the production of opal glass, 

vitreous enamei, wood preservations, etc.

1.3A (NEUTRALIZATION OF FLUOSILICIC ACID)
If there is no use for the released fluorine as described in

items 2.3.1 to 2.3.3 the fluorine has to be neutialized. As a guide 2,k kg

CalOH^/kg F will be necessary for neutralization. These costs should be

also credited to the fluorine accepting processes.

— 6 4 —



J

1.4 OTHER PROCESSES WHICH OFFER USEFUL COMBINATIONS WITH

ABOVE PROCESSES

1.4.1 TAIL GASES FROM MELAMINE PROCESSES
Melamine processes based cn urea produce an o ff gas con

taining NH^ and CO2, which may be separated in its components for

further use in the urea plant by the "Chemie Linz o ff gas treatment process 
If there is an ammonium sulphate plant in the same chemical

complex the ammonium carbonate solution which is gained in the

o ff gas treatment process of the melamine process can be utilized

directly for the ammonium sulphate production.
From the Chemie Linz melamine process the following

amounts of NH^ and CC>2 are recovered:

per t melamine

NH3 1,2 t

co2 1,1 t

1.4.2 OTHER NH3/C02 TAIL GAS PROCESSES

There are many other processes which are delivering 

NH3/C0 2 tail gases as 

organic pigment processes based on urea 

production of nuclear fuel 

phenosolvan process 

coal gasification processes
which may be separated by the Chemie Linz/Lurgi process or partly used 

as feedstock for the preparation of ammonium carbonate solution for the 

ammonium sulphate process.

1.4.3 UREA PROCESS
Off gas from urea plants are containing NH3 and CC>2 which 

have to be recovered either for the preparation of ammonium carbonate 

or separated by the Chemie Linz process into NH, and CC>2.

1.4.4 REUSING Si02 FROM A1F3 AND CRYOLITE PROCESS
The by-product Si02 from A1F3 and cryolite process has a

very high activity and can be recycled to the phosphoric acid plant to

control the fluorine content of the by-product gypsum.
There are also many other acceptors for silicic acid but they

are only interesting under favourable conditions (because of low bulk

density and high water content of the silicic acid).
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l.if.5 REUSING CALCIUM CARBONATE FROM AMMONIUM SULPHATE 

PRODUCTION
If there is a calcium ammonium nitrate fertilizer production 

within the fertilizer complex the calcium carbonate from ammonium 

sulphate production can be used as the calcium component or may be 

utilized for the cement production.

1.5 SOME INTERESTING COMBINATIONS OF ABOVE MENTIONED

PROCESSES FOR SOLVING THE POLLUTION PROBLEMS
A chemical complex normally includes a number of above

mentioned processes and I would like to show you some interesting

combinations with by-product processes.

1.5.1 STRAIGHTFORWARD CONVERSION OF PHOSPHO-GYPSUM AND 

EMITTED FLUORINE INTO USEFUL PRODUCTS SHOWN ON A

1 000 t/d P205 DIHYDRATE UNIT WITH A P ^  CONCENTRATION TO 5<f % 

Slide No. details the possible by-product conversion for a 

1 000 t/d P 20  ̂ plant. The following remarks should be considered to find

out whether the conversions are economically sound or not:
a) For gypsum sulphuric acid plant:

The credit for the cement!

Raw material supply for the sulphuric acid production!

Availability of natural gypsum!
b) For ammonium sulphate production:

Ammonium sulphate market (additional supply from proces

ses with by-product ammonium sulphate)!

Availability of ammonium carbonate solutions within the 

complex!

Calcium carbonate demand!
c) For aluminium fluoride and cryolite production:

Production of AIF^ or cryolite of this magnitude will be 

difficult to market on a free low priced market. Fixed 

market contracts with the aluminium industry will be neces

sary (see also cooperation with other industrial complexes 

par, *f).

1.5.2 ADDITIONAL ADVANTAGES IN COMBINATION WITH PROCESSES 

DETAILED UNDER 2.<f
Slide No. 5 is showing the possible integration of other plants as 

detailed under item 2.U and the recycling of converted or recovered by-products.
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1.5.3

At first there will be an interesting solution in combining the 

NH j/CC^ gases of e.g. a melamine and urea plant to recover partly 

ammonium carbonate in an amount as necessary for the ammonium 

sulphate production, while the remaining NH^/CC^ will be separated in a 

separate step of the particular Chemie Linz process for recycling.

The phospho-gypsum will be used after filtration first for the 

ammonium sulphate production and the remaining amount after calci

nation may be combined with natural gypsum to produce the total 

required sulphuric acid for the whole complex.

CHEMIE LINZ COMPLEX AS AN EXAMPLE

A chemical complex is normally developing over a number of 

years and therefore a concept for the integration of future plants is 
rather difficult.

Chemie Linz was founded 1939 and started 1942 with the

production ol ammonia and calcium ammonium nitrate.
in 1954 the production of sulphuric acid and cement clinker

from anhydrite on the basis of an own anhydrite mines started. The 

sulphuric acid was partly used for the production of 280 000 t/a SSP and 

the rest was sold.
The SSP plant caused soon a severe environmental problem

with the evolved fluorine and therefore the own research department got

the task to find a process for utilization of the free fluorine.
1963 the Chemie Linz AlF^plant was taken into operation

and produced AIF^ Equivalent to the evolved fluorine of the SSP ( 2 000 t/a AIF^).

In 1966 a PR A YON phosphoric acid plant of 60 t/d P205 was

started. Subsequently the gypsum sulphuric acid plant was adapted to use

phospho-gypsum aiso as feed stock for the sulphuric acid plant.
Alternatively the know-how for the use of the phospho-

gypsum for the ammonium sulphate production was developed. This gave

a considerable flexibility to the Chemie Linz complex in respect to the

rather instable ammonium sulphate market.
The old urea plant delivered first the ammonium carbonate

for the (NH^)2SO^ production.

The successive installations of melamine 1, 2 and 3 plant 

(total capacity 35 000 t/a) and the new urea plant (1977) called for the 

separation of the NH-j/CC^ containing tail gases since ammonium 

sulphate production was down in these years. Here also flexibility to use 

cheaper secondary sources at any time is a considerable advantage.
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55P-production dropped Dy tne weii known reasons and ieiL 

the AlFj-plant recently with only sporadic supply of fluosilicic acid. 

Chemie Linz takes also advantages of this situation and uses now its 

AlFj-plant to prove the results of the continuous research work in a 

technical scale. By this way the Chemie Linz AIF^ process represents 

always updated technology. A training program for licencees is offered

which gives the opportunity of real trouble shooting.
If a company is considering a grass root fertilizer or phos

phoric acid complex or even an expansion of it the engineers responsible 

for the planning should know about all these possibilities as detailed 

before to avoid costly investments, which are worthless for later by

product recovery and represent an economical burden which makes it

later on difficult to gain the important flexibility.
Chemie Linz is at any time prepared to assist companies in

the integral planning of fertilizer complexes on the background of its

successful experiences.

2. EFFECTIVE OPERATION
Effective operation will increase the economy of the process at one side 

and at the other side it will improve also the environmental situation by 

reducing the effluents.
The following measures will support e ffective operation:

Exact definition of the waste streams

Provision for suitable measurements for the waste streams

Proper process control

Extensive training of the operators

Regular computation of the mass balance based on actual 

measured values by the materials and energy department and 

discussion of deviations with the production management.

From the above listed measures some should get executed already in the

design stage of the plant.
2.1 Exact definition of the waste streams

The definition of the waste streams is normaly an essential work to be 

done for obtaining the permission from the authority for the errection 

and the operation of a chemical plant but it is also the basis for a mass 

balance which should assist the plant management to figure out possible 

deviations of the waste streams.
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Following documentation snouia De worKea out:

a) Data on the input-materials (s. OP 7)

b) Data on the output-materials (s. OP 8)

c) Data on the state of emission (s. OP 9)

d) Data on the waste stream cleaning equipment (s. OP 10)

2-1-2 Provision of suitable emission measurements for the waste streams
Depending on the importance of the different waste streams well placed

sample points have to be provided and proper analyses methods have to 

be determined. Flow measurements with acceptable accuracy have to 

complete the data on the waste streams.

2.1.3 Proper process control
Based on the process flow sheet and having in mind possible misoperation 

one has to select additional control measures taking into account good 

engineering practice.

2.1.9 Extensive training of operating personnel
An aprenticeship for chemical plant operators is today desirable. During 

this time the operator gets the basic knowledge about the operation units 

and the understanding for plant data. The special training for a parti

cular plant must be provided well before the start up and it is desirable 

that the training is performed in a similar plant.
These measures are the basis for proper collection of data during 

operation of the plant which are later on evaluated by the material and 

energy department.
2.1.5 The material and energy department

This department handles normally also environmental affaires. The mass

balance is here computed (s. OP 11) and deviations are discussed with the

production managements to find its cause and measures to avoid any

detriment to the evironment.

This department is fully independent from the production, which ensures 

a neutral control function.

3. PREVENTIVE MAINTENANCE

Unexpected shut downs are causing often uncontrolled environmental 

pollution and therefore they have to be avoided.
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i ypicai causes lor unexpected shut downs are

break downs of equipment and leaks by corroded pipes or equipment.

These are failures which can be limited by preventive maintenance, a 

philosophy which saves money and protects the environment.
To be able to follow this philosophy some organisational measures have to be taken.

3.1 Recording of all failures in the plant
It is of immense importance that every plant is keeping a repair book

where all troubles are recorded. The maintenance engineer should

everyday discuss the recorded troubles with the operators concerned and

complete this information by the experience of daily personal visits to the plant. 
Together with the material testing department, possible trouble spots

regarding corrosion should be determined and sufficient material samples

for corrosion tests placed inside the process.
3.2 Evaluation of necessary spare parts and determination

of preventive maintenance cycles_____________________
With the information under 3.1, the recommendations of the purchase of

the equipment and taking into account previous experiences one can

select and order the necessary spare parts.

The spare part cycle starting with the order, following the delivery, the 

storing and the use during plant repairs has to be closely controlled to 

avoid shut downs without spare parts.
From the evaluation of the faults (wear, corrosion, fatigue, aging) the 

cycles for preventive maintenance are determined and special spare part 

philosopf as for groups of machines can be developed, (see OP 12)

E.g.: for pumps which show corrosion or cavitation spare impellers are 

ordered for turbocompressois complete set as recommended by the

purchaser. One impeller always ready for installation etc.
3.3 The planned annual shut down

During the year the maintenance engineer is computing all repairs or

changes which could be carried out during a more or less fixed shut down.
This shut down will also give the opportunity to investigate the general 

condition of the plant. It should deliver important data for the prevent

ive maintenance for the next year. Therfore the findings should be

carefully documentated (by photographies and analyses).
During normal operation a plan should be available to the plant operator

for plant maintenance by the operator (lubrication etc.).
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Rest_ri.cti.cns o n  f l u o r i n e  e m i s s i o n  a n d  for s u 3 D e n d e d  s o l i d  in w a s t e  w a t e r

Country waste water limits 
fluorine suspended CaSO^
g/m kg/t P̂ O,, g/m

fluorine emission to atmosphere 
 ̂ fluorine as gas 

mg/Nm total F/t P̂ O,.

fluorine imission 
fluorine^as gas 

mg/Nm

1/)
c USA 15 0,18 i) 1) 10 g 1)
■ H
u• H 
k-t

Kurope (BRD) 20 1) 30 - 100 20 1) 0,05 HF

<A QJ . M
UdSSR 1,5 1) 1,5 1) 1) 0,005

Convential phosphoric 
acid plant (54 % P ^ O r ) max.470 62 max.30 000 300 g

r—A

3 environmentally
o balanced phosphoric

acid plant „n2J max.20 max.100~^(54 % p o,.) 50 18 g

I ) not aval ’ able 2) Fluorine is recovered for conversion 3) CaSO^ is converted or dumped
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Straigthforward conversion of phospho-gypsum and fluorine into useful products shown on a unit of 
1 000 t/d from dihydrate process inclusive concentration unit (30 % - 54 %) all figures in t/d

By-Product conversion:

By-products:
CaSO x 2H,0 ary *4 J
F1uor i no
from attack section
from concentution section
comblned

Necessary raw materials:
H.SO, 1.100 *) 3 000 -
ai vOH) a o o  »)

Na ,C0 ̂ (100 ‘t)

Production 2 564 (3 760) 71 (104)

Aluminium mel* 1119 unit 1 000 t/d
aluminium fluoride consumption 30
ciyol11 e approx. 20

(.lit i-ril.i t 1 vc 1 y ) outside supply ') May be less for newer technology

H.SO^ Cement-clinker (NHJ.SO. H SiF. (100 %) AlF_ Cryolite2 4  4 2 4 2 6  3

I----------- ?---------- 15 000 2 564 2 564 (3 760)
J_____________________________________________f
7

5 5
62------------------------------------------------ •». 78 71 (104)

1436 1 + 2 564
I B0 \-----------1-- -rI ^  i - —  —  —U -1 J
F bb]---------

J
A



Scheme for the integration of by-products outside of the 
phosphoric acid complex



PHQSPHO-GYPSUM FLUORINE AS F

IN T/T P 20 5 IN KG/T P 20 5

AS DRY AS DRY

DIHYDRATE HEMIHYDRATE

2.1. BASIC PROCESSES

2.1.1 PHOSPHORIC ACID PROCESSES

2.1.1.1 DIHYDRATE PROCESS

2.1.1.2 HEM IHYDRATE-DI HYDRATE 

PROCESS

2.1.1.3 HEMIHYDRATE PROCESS

DIHYDRATE - HEMIHYDRATE

5 7

5 >  7

3,9 > 7

2,1,2 PHOSPHORIC ACID CONCENTRATION 

PROCESS (30 TO 5R l) 55

2.1.3 SSP 5/5 KG/T SSP

2,1.A TSP 4 KG/T TSP



CONSUMPTION FIGURES FOR THE CHEMIE LINZ GYPSUM SULPHURIC ACID PROCESS

CEMENT FROM ANHYDRITE DIHYDRATE DRY OR 

HEMIHYDRATE WET 

(PHOSPHO-GYPSUM)

DIHYDRATE WET 

(PHOSPHO-GYPSUM)

UNITS:

RAW MATERIALS:

1 T CEMENT + 1 T SULPHURIC ACID

ANHYDRITE UR 

GYPSUM KG 1 550 1 950 2 430

COKE BREEZE KG 95 95 95

CLAY, FLY ASH 

OR SHALE KG 140 140 140

SAND KG 80 80 80

IRON OX ID KG 8 8 8

UTILITIES:

HEAT CONSUMPTION GJ 0 , 4 7,8 10

ELECTRIC

ENERGY KWH 250 250 250

WATER FOR 

COOLING M 3 45 45 45



CONSUMPTION FIGURES FOR THE CHEMIE LINZ AMMONIUM SULPHATE PROCESS

RAW MATERIALS: UNITS

BY-PRODUCT-GYPSUM 

(AS C a S 0 4 ,2H20 DRY) T/T 1,33 (ENTERS THE PROCESS FILTER WET)

AMMONIA (100 %) T/T 0,27

C 0 2 (100 %) T/T 0,i5

SULPHURIC ACID (100 %) T/T 0,06

UTILITIES:

BY-PRODUCT

C a CO

FILTER WET DRYED

PROCESS WATER T/T 1,5 1,5

COOLING WATER T/T 50 50

STEAM ( 6 BAR) T/T 0,65 0,65

ELECTRIC POWER KWH/T 50 50

INSTRUMENT AIR NM3 /T 10 10

FUEL GJ/T 0,32 1,8

EFFLUENT:

WASTE WATER 

( 0 , « . ( N H 4 )2 S04 )

B Y - P R O D U C T ^

T/T AS 1,5

Ca C03 DRY T/T 0,75



CONSUMPTION FIGURES FOR THE CHEMIE LINZ ALUMINIUM FLUORIDE PROCESS

RAW MATERIALS:

ALUMINIUM HYDROXYDE (100 l)
PER T A L F 3 

1,12

H 2S iF 6 Ü O O  Ï) 1-10

UTILITIES: 

ELECTRIC ENERGY 200 KWH

L  FUELDC 5 GJ

1 LOW PRESSURE STEAM 

COOLING WATER 

SCRUBBER WATER 

STEAM CONDENSATE 

INSTRUMENT AIR

2 T 

20 M 3

MAX. 50 M 3 

1 M 3

APPROX. 300 N M 3



CONSUMPTION FIGURES FOR THE CHEMIE LINZ CRYOLITE PROCESS

RAW MATERIALS: PER T CRYOLITE

ALUMINIUM 

HYDROXYDE (100 l)
FLUOSILICIC ACID (100 %)

O.A T 

0,75 T

NATRIUM

CARBONATE (100 l) 0,85 T

UTILITIES:

PROCESS WATER 

(Ca -FREE)

COOLING WATER

12 M3 

50 M3

STEAM

ELECTRICAL ENERGY 

FUEL

3/5 T

A CRYOLITE PLANT SHOULD BE NORMALLY COMBINED WITH A 

ALUMINIUM FLUORIDE PLANT TO BE MORE ECONOMICALLY.



DATA ON INPUT MATERIALS

OPERATION UNIT: CAPACITY:

STREAM1}

No,

DESSIGNATION 

OF THE STREAMS

FLOW

UNIT/H

COMPOSITION__________

SUBSTANCE MIN *1 MAX

RAW MATERIALS

ADDITIVES

FUEL

ETC.

1) FROM PROCESS FLOW SHEET

DATA ON OUTPUT MATERIALS 

OPERATION UNIT: CAPACITY:

STREAM1} DESSIGNATION FLOW _______ COMPOS ITIUN__________

No, OF THE STREAMS UNIT/H SUBSTANCE MIN '1 MAX
PRODUCT

BY-PRODUCT

EFFLUENTS

1) FROM PROCESS FLOW SHEET

—  K O —



DATA ON THE STATE OF EMISSION

OPERATION UNIT: CAPACITY:

STREAM13 OPERATIONAL FREQUENCY WASTE GAS SUBSTANCES EMITTED MEASUREMENT
No. STATE AND DURATION FLOW TEMP. SUBSTANCE CONCENTRATION FOR THE

OF EMISSIONS UNIT/H UC MG/M5 EMMI SSI ON
H, DAYS, MONTHS MIN | MAX MIN MAX

1) FROM PROCESS FLOW SHEET

DATA ON THE EFFLUENT CLEANING EQUIPMENT

OPERATION UNIT: CAPACITY:

DESIGNATION13 
OF EQUIPMENT

STREAM13
No.

TYPE OF
CLEANING

DEVICE

PRINCIPLE OF 
CLEANING

EFFLUENT 
DESIGN LOAD

EFFICENCY
OF
CLEANING
DEVICE

PRECIPITATED
SUBSTANCE

EFFICENCY

FOR

SUBSTANCEUNIT/H Aï"°C"

1) FROM PROCESS FLOW SHEET
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5- LOWER NITROGEN EFFLUENT FROM UREA PLANTS 

A PROGRESS REPORT BY SNAMPROGETT.

SUMMARY

Urea plant effluents containing nitrogen compounds represent process 

inef f iciency and environmental pollution. Reduction of the nitrogen 

content of the eff luent streams by continual development and process 

improvement is discussed with reference to pr i l l ing tower a i r ,  pro

cess condensate, inert gas purge and operational  discharges in the 

Snamprogetti Urea Process. A note is added on the advantages of 

granulation from the pollution standpoint.

Also noise pollution has been considered together with a short description 

of the method used by Snamprogetti to study this problem.

INTRODUCTION

Nitrogenous fert i l i zer  factories discharge eff luents containing nitrogen in 

the form of ammonia, urea and nitrate.

Industrial  growth n any country is associated with an increase in pro

blems caused by ef f luents:  the importance of these problems vary  from 

one country to another depending on many factors and in the same coun

try from one area to another, being more acute in those areas that are 

more densely populated and poorer of natural open waters.

So every country has di f ferent laws, more or less stringent,  that request 

treatments involving considerable amounts of money (par t i cular ly  for e x i 

sting plants) to reach a sat isfactory reduction of pollutant ef f luents.

In general ,  methods used can be biochemical and chemico-physical  : the 

first ones do not lead to the recovery cf nitrogen compounds, the second *

*

Author: F. Granelli
Snanprogetti - Italy .
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one; can involve the rccovorv with a consequent benefit on the specif ic 

cost per ton of produced 1er" : it/.or.

Having in rr.ind the enorrr.ous world nitrogen fert i l i zers production it is

easv to state tha' also the lesso:* are large.  Just an example of the im

portance of the problem: it has been reported that the discharge of ni-

trogen ;from the r iver Rhine into t h t? North Sea has been estimated. v ea r s

ago. a t 750 MTD a f igure that i sol:f-ox 'plana tory

ouch a large amount of losses jus ’ if\■ the efforts made to reduce them

not onlv from the pollution poinT of  view: easv to say that those apti- 

pollutton systems leading to a recovery of nitrogenous compounds would 

be preferable.  But of course each case has to be examined in its own 

environment along wi t h the sooio-economic aspects be fore  choosing the 

best method.

in fact many experts ask for f lexible requirements to reflect local envi 

ronmental considerarions instead of r igid standards, although the same 

experts suggest similar regulations for di f ferent countries.

Going closer to an urea plant, pollutants are represented by ammonia (in 

vents or in aqueous solutions ) a nd urea (as dust or in aqueous solutions).  

It is not easy to calculate the quantity of  ammonia (as ammonia or as 

urea) released by a certain urea plant. In fact the amount depends on 

many factors such as process, engineering,  proper operation and mainte

nance of the plant,  unawareness or indif ference tc hazards of pol lu

tion, control of pol lutants by the factory management and/or the autho

rities, lack of legislat ion ( inside or outside the factory)  and of course 

the presence of the antipol lution systems.

But, just to give an idea of the amount of ammonia that is lost in the
t

air or in the waler,  it is suff icient to mention that the stoichiometric 

content of ammonia in one ton of urea is about 567 kg and the actual 

specific consumption of ammonia, considering long periods of plant, ope

ration is 575-580 kg (and even more), leading to an amount of losses 

from 1.3 to 2.3%.

For a plant capaci ty of 1500 MTD the total loss is between 12 and 21 MTD 

as ammonia or between 20 and 30 MYD as urea, being the losses a part 

of ammonia and a part of urea.
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The damages that can arise from pollutant ef f luents of a fert i l i zer  plant 

and more speci f ical ly of  an urea plant are those to the human lives 

(both for the workers inside the factory and for the inhabitants in the 

surrounding areas ' ,  the vegetation and the marine and fresh-water fauna. 

Undoubtedly the major problem is toxioi tv of ammonia to aquatic or

ganisms.

This explains the fact that the first attempts against pollution in ni

trogenous factories have been made land in many cases they are still 

the only ones1 to reduce the quantity of ammonia in l iquid eff luents, 

a problem that becomes technical ly more di f f icult  when less ammonia is 

requested in the discharge.

On the basis of the above matters it is clear that it is (and it must be) 

a continuous objective of Snamprogetti , in common with other urea process 

owners and designers,  as well as plant owners, to reduce or eliminate 

loss of nitrogen in the interest of both plant ef f iciency and environmen

tal pollution.

The sources of such losses are by now well known and wrell  documented. 

For example we can refer to several  of the papers presented at the re

cent British Sulphur Corp. Fourth Internation Conference (1) .  (2) ,  (3).

It is also clear that the search for improvements has become "a war of 

attri t ion" in which much effort has to be expended for each small gain.

A year or so ago we published some information about a plant which was 

at that time the latest Snamprogetti plant to go onstream - for 1FFC0 

at Phulpur ( India)  (A) .  Figures 1 and 2 attached are copied from that 

art icle,  in which we mentioned the an t i pol lut ion measures taken. We 

now report further progress on some of these topics - f i rst ly on ef

fluents from the pr i l l ing tower, by reference to the most recent of our 

plants now starting up in India - for RCF at Trombay; secondly on waste 

water treatment by reference to plant scale development work, based on 

laboratory trials,  recently carried out and appl ied in several  commer

cial  plants now being designed. Wo also wanl to emphasise two of the 

pol lut ion-avoiding benefits which arc built in to Snamprogetti ' s funda

mental design, relating to inert gas scrubbing and to inventory losses.
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Finally we indicate some of the benefits of the granulation leclmulogy 

which we can now offer as an alternative to prilling.

In addition to chemical pollution also noise pollution is by now a major 

problem for industrial plants. Snamprogetti has developed a computer 

programme which allows to foresee the plant noise level since the design 

phase. Thus lower costs and better results are obtained, as compared to 

the case where actions are taken on plants already built.

EFFLUENTS FROM THF. PRILLING TOWF.R
The air pollution problem due to the urea dusl contained in the air 

from a prilling tower is very uneasy to eliminate because of the large 

volume of a’r and the small size of pariicles to be caught.
The effect of this emissions on the environment is not very clear: in the 

vicinity of a plant the effect on vegetation can even considered as bene

ficial, but the prevailing winds can concentrate the dust in a small area 

to cause scorching on vegetation.

Most Snamprogetti plants which produce prilled urea are provided w'ith

a natural draft prilling tower. Apart fro. 1 the savings in running

costs and maintenance by avoiding the use of induced draft fans, v/e

have found a reduction in the amount Of dust carried out of the tower.

For example, measurements carried out several years ago on prilling

towers of two otherwise similar 1000 MTD olants without any supolemen-

tary de-dusting showed the following results:
Natural Draft Forced Diaft

Air 300.000 Nrn3/h 600.000 N n3/h

Urea dust content 90 mg/Nm3 150 mg/Ni:3

TOTAL DUST 27 kg/h 90 kg/h
Although these figures are not typical of the best modern practice, we

were encouraged to continue our development along the lines of natu

ral draft towers. It was next found that with external air exhaust 

vents at the top of the tower (the smaller tower in Figure 3) at no- 

spheric air movements (winds) caused irregular air flow patterns in

side the tower, leading to increased dus*. o.rrv-over. This problem wa<-
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eliminated when lite top ol the tower was re-designed, to have the 

exhaust air vents on a concentric inner vrall (the larger tower in Figur 

The re-design . i the top of the tower was a consequence of the deve

lopment oi our wet scrubbing system, which was first tested in a pi

lot plant installed on the lop of Manfredonia urea plant prilling tower. 

The air, from the inside of the prilling tower, was sucked by means 

of a scrubber Venturi. The energy to suck the air is provided by a 

pump recirculating the solution which absorbs the urea dust from the 

air as shown in the attached diagram, Figure 4.

The dust content measured at the inlet of the dedusting unit (point 
A of the diagram! was:

39 mg/Nm3min. 

a verage 

max.

63

80

Liquid/T ir ra tie

DiSviicrje pres,» i re  of the recirculating pump

Pressure at nerxle inle*

Liquid tempera-ure in the tank

Air temperature at dedusting unit inlet 
(poirt A of the diagram)

Air temperature at dedusling unit outlet 
(point R of the diagram)

Ambient air temperature min/max

Average quantity of water evaporated

The results of the tests were:_________________
Test

nr

Urea concentration in 
the re circulating solution

1

2

3

0.0

5.0
20.0

6.4 1/Nin3

6 kg/cm2

4.5 kg/cm2 

19°C

50CC

22°C 

14/24°C 

14 1/h

Absorption efficiency 

%

99

95
92
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In applying this system of wet-scrubbing to all the air in large diame

ter prilling towers the top of the tower is re-designed as shown in 

Figure 5. The IFFCO plant at Phulpur has the inside windows with 

the possibility to install the scrubbing system in future. The RCF

plant at Trombay has the full system installed which operates as follows 
Air rising through the prilling tower enters the annular duct (A) where 
inside windows have been provided wnich allow the air to be dischar

ged directly to atmosphere if the de-dusting system is not in operation. 
Air is drawn from this annular duct oy a ring of liquid jets arranged 
in the annular space (1), which provide the energy required to over

come the pressure drop through the system. These liquid jets break 

into fast moving droplets which have a high collection efficiency for 

the very fine dust contained in the air.

Now purified and saturated with the liquid droplets, the air rises in 

the duct (C) which is sized to reduce speed and thus allows the sepa

ration of a good part of the entrained liquid. It is then discharged

after passing through demister packings which retain the mist.
Fresh make-up water is sprayed into the demisters for washing purpo

ses whilst the jet nozzles are fed with the urea solution which col

lects in the annular basir. (D).  Surplus solution is returned to the 

urea plant.
This deducting system has an electrical  power consumption of 9 Kwh/ MT 

The design performance for the Trombay plant is as fol lows:

it must be pointed out that the system described above a l lows also to 

catch a part of ammonia that, although in low concentration, is contai

ned in the air leaving the pr i l l ing tower.

Th- t Snamperogetti ’ s approach to the problem is e f f ec t i ve  can be shown 

by two practical  examples. At the new Manfredonia plant, (the larger  

tower in Figure 3) many measurements have been made, and v a lues of 

about /0 mg/Nm3. are found, even without the de-dusting system. This

air quantity 

guaranteed dust content

5C0.000 Nm3/hr 

30 mg/Nm3
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figure for dust content is consisten with the results obtained from 

routine checks carried out on air nples trken at fixed points inside 

and cutside the factory at ground ic /el. At Chemie Linz where the fac

tory is very close to the town certm , no corp taints are made concer

ning dust emissions from the prilling tower.

A confirmation comes al .o from the II'FCO u "ea plant at Phulpur.

According to the Owner of the plant the quantity of dust is about 50 

mg/Nm3 and "the visual observations show that this prill tower has 

lower dust losses than forced draft towers currently being used in the 
country".

After such a result the Management has decided that no dedusting sy

stem, although foreseen, will be installed.

WASTE WATER TREATMENT
The origin, composition and methods of treating the process condensa
te discharged from a Urea plant have already been described in detail

by others.
We refer to reference (3) (and the earlier publications referred to in 

that paper) and particularly to reference (6).

In the last paper the authors have presented the stripper hydrolysis 

method, but they have also indicated some other methods: biological 

oxidation, reverse osmosis, oxidation with hypochlorite, ion

exchange resins and reaction with nitrites.

As already said in the introduction of this paper, those methods that 

lead to a recovery of nitrogenous compounds are preferable.

So we are in favour of the stripper-hydrolysis method, but we point out 

that in many u-ea plants the only existing anti-pollution system is 

that used to reduce the ammonia con'ained n the so called "process water" 

represented by a stripping with air .’or with steam depending upon pre

vailing econcmics to individual units:: in ¿ ny case this method was pro

bably ¡.he first one used in urea (ai d ammenia) plants.

The reason is due to the fact that a .monia is considered the most se

rious of pollutants. Its harmful effcc.’s (hot/: ionised and unionised forms) 

in effluent waters discharged into inland surface waters are well known.
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This knowledge has led to stringent specifications and so the stripping pro

cess is one of the nitrogen removal processes that actually has been used 

in waste water treatment.
The process mainly involves raising the pH of the effluent to values above 

11.0 using l’me to bring all the ammonia present to the unionised form 

and to strip the ammonia in a tower with air.
Useless to say that the pollution problem is transferred from v/ater

to air (where ammonia can form smog with aciuic gaseous eifluer.ts vented

from other fertilizer plants in the sane factory) unless ammonia is fixed 
in an absorption system producing an ammonium salt.

Although the proper solution can be different from case to case it seems 

to us that a better solution is a stripping of ammonia followed by a re

covery of it as a solution that can be recycled to the urea plant. This 

avoids any auxiliary chemicals and can be easily coupled with a thermal 

hydrolysis, where also urea (that doesn't pose toxicity problem, but has 
in many countries received fixed tolerance limits) can be decomposed back 

to ammonia and carbon dioxide and recovered to urea plant.

Two examples of ammenia (Phulpur plant) and both ammonia and urea 

(Gujarat plant) recovery are described herebelov.

The waste water treatment section of the Phulpur plant shewn in Fig. 2 con

sists only of a stripping column to rec ver amrtonia. Any hydrolysis of 

urea is incidental, and the effluent water contains 300 ppm ammonia 

and about 0.5 % urea.

The 1800 metric tons per day Snarnprogetti Urea plant for Gujarat, which is 

soon ic be stalled up for the first time, represents an improvement 

on the Phulpur plant. The flow scheme is shown in Figure 6. This 

is the S lanipropetti version of the generally used system of hydrolysis, 

preceded and f# lov/c-d by stripping of the ammonia and carbon dioxide.

The efflient water quality is sufficient to meet the usual environmen

tal r’ardards as can be seen from the following data:
Ammonia Urea

Process condensate before treatment 1 - 3 % up to 1 %
hx-.ectedTreared effluent:
Gua r anteed

50 ppm 

100 ppm 
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This treated condensate is at present discharged to drain, after cooling. 

The next step is to make it sufficiently pure for further use, as for 

example Toiler Toed Water.

Like oilier designers (3) we recognise the need to avoid back-mixing 

in the hydrolvzcr, if the theoretical tow levels of urea are to be achie

ved in practice in full scale commercial plants. Therefore cur most 

advanced hydrolyzer design, which adheres to the principles of phy

sical chemistry and to the timc/temperature/concentration relationships 

established by our own laboratory work, permits a much more comple

te hydrolysis and lower residual levels of urea in the treated conden

sate. The hydrolyzer is illustrated diagrammatically in Figure 7. It 

provides plug flow, thus avoiding back-mixing, and also the conti

nuous removal of the hydrolysis reaction products, to encourage the 

decomposition of urea to proceed further to completion.

This new hydrolyzer is provided in several new plants new in the de

sign phase, including three 1725 MTD plants for P.CF in India.

With steam available at 43 Ata for the hydrolyzer, the composite n of 

the treated process condensate is:
Guaranteed Expected

Urea 5 ppm negligible

Ammonia 30 ppm 24
It is planned to publish the results of our laboratory work and indu

strial scale tests fully at a later date.

INERT GAS SCRUBBING
The principal feature of the Snamprogetti Urea process is the use of 

ammonia for stripping the uncoverted carbamate from the product urea 
solution within the isobaric reaction loop. Thus the presence of excess 

ammonia and operation at relatively mild reactor conditions, combine 
to minimize corrosion in the reactor. Furthermore, we use titanium 

tubes in tne stripper which are also more resistant to corrosion than 

stainless steel. One consequence of these facts is that the Quantity of 
passivating air introduced into the reaction loop can be minimised and 
is less than for other processes.
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The passivating air is eventually discharged from the plant, via the 

inert gas scrubber (item C-3 of Figure 2i which serves to prevent los

ses of ammonia.

Since the total amount of inert gases is less, the amount of ammonia 

lost with the inert gases is less. On the other hand it is usual to 

allow some ammonia to remain in the inert gases in order ic keep 

outside the explosive limits of the mixture of oxygen and hydrogen.

In the Snamprogetti process this ammonia residue can be less because 
the oxygen content is less. In the majority of cases a very complete 
scrubbing of ammonia can be performed with consequent minimum pol

lution, and it is only ir the case of abnormally high hydrogen con

tent of the carbon dioxide feedstock that the possibility of explosive 

mixtures in the inert gas scrubber has to be given special conside

ration. Even so, it is often possible to arrange for maximum recovery 
of ammonia by substituting seme additional inert gas in the scrubber. 

This can be steam, nitrogen or even ammonia plant synthesis gas, 

which is then used for fuel. In the latter case the gas mixture is 

outside the explosive limits on the high side with hydrogen.

A typical inert gas scrubber effluent is:

H2 25.0
N2 44.0

CO 2.0

C114 12.0

NH3 1.0

02 11.0
H20 5.0

For a urea plant of 1500 MTD the total amount of inerts discharged to 

the atmosphere is 600 Nm3/h, corresponding to less than 0.03 kg of 

ammonia per ton of urea product.
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INVENTORY LOSSES
Pollution is usually thought of as the small quantities of process m a 

terials which escape unavoidably and continuously from the plant as 

contaminants of what would otherwise be an inert s ream of fluid e.g. 

cooling air, steam condensate and inert gases in the three examples 

described -hove. Much attention is devoted to reducing the levels of 

such contaminants. But the process fluids which may be released into 

the environment due to occasional leakage, spillage and other acci

dents can be equally cr even more polluting, especially if they are 

more concentrated. How, therefore, tc contain the process fluids within 

the plant at all times?

Obviously good maintenance of flanged joints, pump glands etc. is im

portant. But more than that, the very design principles and design 

details of the Snamprogctti process make the most important contribu

tion to a pollution-free urea plant. It is during start-up and shut

down and during other periods of irregular operation that losses of 

process fluids form the plant are r.u st like y to occur.
At such times the storage cf solu.l^i s in the large quantities required

may present a serious problem. T* ; problem may be alleviated by:
(1) less frequent plant s' ppage?

(2) less frequent emptying cf the p.ant

(3) lower inventory o*' materials in process.

Less frequent stoppages derive from the fact that the plant is very

flexible in' operation and can run at ¿0% capacity. Ever if production

is stopped, she process fluids within the high pressure loop ctin be

"blocked-in" for several days wntheur. risk cf corrosion damage. And

if the plant has to be drained down, the inventory of process fluids

is minimal, firstly because the reaction lo.*p velum.'-* is smaller fur a 
given plant capacity due to the high reactor conversion (about 67%) and

secondly because the extensive use of falling film exchangers in thr 

decomposition sections minimizes the urea solution inventory. Therefore 

the need to discharge urea-aramoma-Cdrbamate solution, at plant shut
downs, is not necessary and the pollution problems caused by such
discharges are therefore avoided.
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GRANULATION
The primary reason for preferring granulation to prilling would be 

the particular qualities of the product, i.e. granule size and hard

ness, but granulation processes may also have advantages in redu

cing pollution, or in achieving the same pollution levels at lower 

capital cost for pollution control equipment. Nevertheless there are 

some owners cfurea plants (71 which claims that, just to reduce the 

problem of urea dust pollution from a prilling tower, they installed 

a granulation section after some years of operation with a prilling 

tower. Snamprogetti has not had the occasion to develop its owrn 
granulation process, but has nevertheless maintained a close con

tact with developments in this field in order to assure its clients 
of the best available technology. The Snamprogetti urea technology 

has already been associated with the well-known "Spherodizer" gra

nulation process of C&l GIRDLER. This process is particularly sui
table for single streams up to 500 MTD.

Recent projects now in the design phase include tnc newly developed 

NSM granulation process (5) which uses the fluid bed principle, and 

is being used for up to 1750 MTD in a single stream.
In two particulars granulation gives lower effluent quantities than 

prilling. Firstly with regard to process condensate the amount is 

less because some of it is evaporated into the air passing through 

the granulator and the scrubbei.

Secondly the quantity of polluted air is less and can be satisfacto

rily cleaned in cyclones because of larger dust size 

The overall quantities of effluents for a complete urea production 

plant including NSM granulation, compared to prilling, are typical

ly the following per metric ton of product urea:
Granulation Prilling

Air quantity 

Dust content

5.500 Nm3

30 ppm guaranteed 
20 ppm expected

10.0c''' Nm3
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Process condensate 44U kg21C kg

Urea dust size distribuí ion

in microns ( * )

> 3 97 18

1 3 2 66

<  1 1 16

( * )  D’.ut emission from granulator only. sizes from cooler

NOISE CONTROL
Exposure to noise can cause i r revers ib le  damages to the human ear.

The extent of these damages depends on noise characteristics and level 

and exposure lengtn. in any case noise pollution has become a major pro

blem for industrial plants and therefore Snamprogetti has developed a method

for studying and foreseeing sound levels.
Definitions (8)
Although sound may occur within large ranges of frequencies and magnitude, 

we are only concerned with it  as far  as it is audible to a healthy human ear.

Frequency (number of a i r  vibrations per second) is expressed in Hertz (Hz).  

The audible range for human beings is between 20 and 20,000 Hz.

Magnitude (or amplitude) is expressed in decibels (dB).Since sound is prac

t ica l ly  a pressure var iation of a ir ,  this pressure is usually expressed in
2

Newtons per square meter (N/m ) , i . e .  Pascals (Pa ) .As  pressure variations

related to acoustic phenomena are in the range 2x10 ^ to 63.5 Pa,decibel

has been introduced in order to have a simplif ied scale.

Sound pressure level (SPL) in dB is defined as fol lows:

SPL = 20 log (P/P ) where P = 2x10 ^ Pa 
s 10 o o

Isophonic curves are de, ned as lines of equal impression.

Each curve is formed by points representing the same impression on an 

overage human ear.On the basis of  tests carried out on several persons 

it can be said for instance that 50 dB of noise at 1000 Hz have the same 

effect or loudness as 82 dB at 31-5 Hz.
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N/« Sound pressure level »n dB

E0PHGN1C CURVES ( -----------) and ISO NR QJIVES (------------ )

For semplif ication ISO (International Standard Organization) has recommended

to recti fy these curves (noise rating or NR curves) .  Each curve is called 

according to its dB value at 1000 Hz.

dB(A) value . Noise levels  can be measured with an instrument including 

a f i l ter  which simulates the human ear and calculates a corrected dB value 

which is called the dB(A) value. dB(A) values correspond to ISO curves 

approximately according to the following pattern:

ISO NR dB (A)
55 6C

85 90

90 95

92 97
The fol lowing examples g ive an idea of the correspondance between dB(A) 

values and everyday situations.

U0 dB(A) : 

130 ”  : 

120 "  :

nerves damages occur

pain threshold - jet taking off  at 50 meters 

beatband playing
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110 : jet landing at 250 meters

100 ball  mill ir. cement factory at 1 meter

90 " train pacsing at 120 Km/h at 25 meters

70 electric typewriter at 1 meter

60 " normal conversation

30 reading room in a public l ib ra ry

10 fa l l ing  leaf

0 " threshold of hearing

METHODS FOR STUDYING AND FORESEEING NOISE LEVELS

In order to meet the noise limits f ixed by environmental rules, two types 

o f actions can be offered:

-  to act on running plants

- to act on plants under design

It has been demonstrated in several cases that actions of the f irst type 

involve very  high costs along with results which are not always appreciable, 

whereas actions during the design phase can have lower costs and certainly 

better results.
During the design phase the equipment position is schematically drawn, that 

means a prel iminary lay-out is prepared.

A noise spectrum is then attributed to each apparatus and this is assumed 

on the basis of a series of data obtained from previous tests. Tests can be 

carried out by suppliers or Snamprogetti themselves.

These data are worked out by programme NEW NOISE which has been studied 

for this purpose. Programme NEW NOISE determines S.P .L.  (sound pressure 

levels )  f igures in several positions (hear ing points) as a sum of contributions 

of al l  the noise sources and depending on the fol lowing parameters:

- temperature, pressure and ambient humidity conditions

- source types (points, lines or planes)

- distances of sources from the hearing points

- atmospheric absorption

- ground absorption

- reverberation effect i f  the calculation is carried out for an indoor case
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The calculation is carried out for the main frequencies, viz. 62.5,125,250,

500,1000,2000,4000 and 8000 Hz.In addition to S.P.L. figures in dB, also
S.P.L. figures in dB(A) are calculated.The programme allows then to draw 
the isophonic curves for the area of specific interest.

In order to give evidence to the characteristic properties of sound sources, 

three types of models have been considered:
- point sources

- defined linear sources with constant SPL

- defined plane sources with constant SPL

Generally speaking the following assumptions are made:
2- points sources are those with an enveloping surface smaller than 40 m 

(e.g. pumps and electric motors)

- linear sources are for instance pipes
- plane sources are the remaining ones (e.g. furnaces, cooling towers, com

pressors, turbines etc.)
Once the preliminary map of isophonic curves has been drawn (the computer 
prints both a curves map and a SPL table by points), it is possible to de

termine areas with a noise level exceeding the acceptable limits and locate 
the apparatus which is the main responsible for noise in the considered points. 

Thus an action is taken by limiting the noise of a certain apparatus (enclosures,

screens,dampers,silencers), otherwise protected areas are provided for personnel 
(acoustic shelters).

Main appliances of programme NEW NOISE are the following:
- Melilli refinery (Italy)

- Tabriz refinery (Iran)

- Basrah refinery (Iraq)

- Pembroke refinery (Wales, U.K.)

- Rabigh refinery (Saudi Arabia)

- Lavera refinery (France)
- Gela polyethylene plant (Italy)
- Hamburg polyethylene plant (West Germany)

- Kavala urea plant (Greece)
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Figura 3 - Old and new pri l l ing towers  at Manfredonia plant
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Figure 5 - Top of prilling tower designed to incorporate wet scrubbing 

of cooling air
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Figure 7 - Diagrammatic illustration of plug-flow horizontal hydrolyzer
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*PROCESS CONDENSATE PRS-TREATMENT .

A NEW SYSTEM DESIGNED FOR 
AMMONIA PLANTS IN KUWAIT.

ABSTRACT
A new process Condensate Pre-Treatment System was designed and shall 
be implemented in Kuwait to treat the condensate from P.I.C.'s two 
existing 800 T.P.D. Ammonia Units and one new 1000 T.P.D. Unit
The system replaces simple atmospheric degasification by a more ela
borate distillation step . The quality of water is improved tremen
dously and most of the pollutants are recycled to process unit .
The system is relatively expensive to install , but it results in a 
reduction of make-up water to the plants as well as a large reduct
ion in the frequency of regeneration of subsequent ion-exchange thus 
reducing liquid effluents and permitting smaller water treatment fac
ilities . The paper offers a description of the existing and future 
treatment systems and their impact on the environment . The economics 
of the new system are also discussed , it's applicability to other 
sites has to be evaluated in the light of local Costs and Pollution 
Control requirements .
1 - Introduction,
In an effort to reduce effluents from it's Ammonia Plants, Petro- 
cemical Industries Company of Kuwait decided to implement a new pro
cess Condensate Pre-treatment System .
The system has been designed in detail by our company and shall be 
implemented as part of P.I.C.'s fourth Ammonia Project . The exist
ing treatment facilities at P.I.C. already includes recycling of 
process condensate as well as Steam Condensate to conserve expensive 
make-uu water . With three Ammonia Units as Shuaiba and a fourth 
on the way , P.I.C. had however a good incentive to undertake addi
tional measures to reduce pollution to the lowest possible limits .
The system was proposed by the Licensors , Messrs HALDOR TOPSOE A/S 
of Denmark , who had already tried out similar system in other plants. 
The advantages achieved are :

A reduction in steam losses to the atmosphere .
A large improvment in the quality of process condensate at the 
inlet of the demineralization unit , resulting in less frequent 
regeneration and therefore reducing liquid effluents from the 
unit .

- A large reduction in total make-up water to the plants and in 
the consumption of chemicals , resulting in a reduced cost of 
Boiler Feed Water .

By : Mostafa Badr El-Din.
Abdel Raouf M. Mada.
Petrochemical Industries Consulting Office. 
Kuwait.
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The system was designed to minimize Utility requirements particularly 
Cooling Water , and includes a large Air-Cooled Condenser. The incr
eased capital cost is justified at the conditions prevailing in Shu- 
aiba , but alternative designs may be utilized to acheive similar 
pollution control results in other locations .
In the following section the existing system at P.I.C.'s plant " 3  " 
is described and compared with the new design . The basic idea is 
very simple , using proper distillation to recover most of the poll
utants in a. concentrated form and recycling them back to the process, 
instead of direct degasification .

II - General Descriptior
For clarification please refer to the attached drawings .
Figure 1: Shows the sources of water supplies to the Boiler Feed 

Water Treatment Unit for the generation of High Press
ure Sceam utilized in the Ammonia Plants . The figures 
represent the consumption of 2 x 800 M.T.P.D. Ammonia 
Plants operating at a 4.5 s/c ratio . It is evident 
that the process condensate collected from the gas prepara

tion section of the Ammonia Plants represents approx 25% 
of the total Boiler Feed Water requirements . A typical 
analysis of the untreated process condensate is shown

Process Description :
The process Condensate collected from the gas preparation section of 
the Ammonia Plants flows to the process condensate degasifiers where 
most of the CO2 and part of the NH3 and CH3OH are stripped off and 
emitted to the atmosphere by means of Low Pressure Steam . The deg
asifier is a vessel containing one bed of Pall rings , the condens
ate is introduced at the top over a distributor and steam is introd
uced at the bottom . The stripped process condensate is cooled and 
filtered from mechanical impurities then flows to the Cation Exchan
gers , where ( NH4+ ) cations are removed and replaced by hydrogen - 
ions ( H3O+ ) . The condensate is then aerated to remove the dissol
ved CO2 and mixed with the steam condensate and the Raw Water make-up. 
The mixed stream is sent through the mixed ion exchangers for final 
purification . It's worth noting that the cation exchange resin is 
regenerated with dilute sulphuric acid effluent water from regenera
tion contains NH3 and excess of H^SO^. The mixed bed exhange resin 
is regenerated by dilute sulphuric acid followed by diluted sodium 
hydroxide ; the effluent water from regeneration is slighly alkaline. 
.Both effluents flow to a neutralizing pit where they are neutralized 
then pumped out of the plant to a remote area .
Figure 2 : Shows a flow diagram of the new approach developed for

the process condesate pre-treatment which replaces the 
degasifiers . The demineralization section remains un
changed and is common for all Plants . The Process 
Condensate Treatment here serves for 2 x 800 Plus 1 x 100 0 
M.T.P.D. Ammonia Plants . The process Condensate collec
ted from the gas preparation section of the three Ammonia
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Plants flows to the CO- Flash Drum where most of the CO2 is sepera- 
ted by flashing , the^condensate from the flash drum is introduced 
to the process condensate Stripper , which is a tower containing 
22 Bubble cap trays condensate,enters on tray number 15 . The 
downflowing condensate is stripped countercurrently against an up- 
flow of low pressure steam that is introduced at the bottom of the 
tower . The stripped uprizing vapours are rectified against a 

rirflux flow introduced at the top of the tower . The stripped pro
cess condensate is drawn off from the bottom of the tower and coo
led in a plate exchanger with cooling water then pumped to the de
mineralization section . The overhead vapours are drawn off the 
top of the tower and isothermally condensed in an air cooled conde
nser then subcooled with cooling water in a tubular exchanger ; the 

cooled overhead product which is a concentrated aqueous solution 
of NH^* CO- and CH-OH flows to a seperator Where the disassociated 
gases are released . Part of the overhead is returned to the top 
of the tower as reflux via a reflux pump and the remaining is inj
ected to the process steam inlet the primary reformer of the fourth 
Ammonia Plant .

Ill - Material Balances
Figure 1: Shows a material balance around the degasifiers curran-

. tly employed for the two 800 M.T.P.D. Ammonia Plants . 
The rates of pollutants emitted to the atmosphere are 
as follows :
NH3..........................  16 Kg/Hr
CH30H........................  59 Kg/Hr
C02................... ,.....524 Kg/Hr
The rate of undesired Materials to be removed in the 
demineralization section are :
NH3..........................  58 Kg/Hr
CH30H........................ 162 Kg/Hr
CO-..........................  65 Kg/Hr

Figure 2; Shows a material balance around the newly developed 
process condensate treatment system serving the two 
800 M.T.P.D. and the one 1000 M.T.P.D. Ammonia Plants . 
The rate of pollutants emitted to the atmosphere are 
as follows :
NH3.........................  35 Kg/Hr
CH30H....................... 214 Kg/Hr
CO2......................... 752 Kg/Hr
The rate of undesired materials to be removed in the
demineralization section are :
NH3......................... 2.5 Kg/Hr
CH OH.......................5.0 Kg/Hr
COj......................... 2.5 Kg/Hr
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The rate of pollutants recycled b a d  to  the process are 
as follows :
NH3......................  70 Kg/Hr
CH3OH ....................... 103 Kg/Hr
C02 ......................... 103 Kg/Hr

The large reduction in ammonia feed to the demineralization sec
tion from 58 Kg/Hr to 2.5 Kg/Hr results in reducing the rate of
effluents in the wash stream during regeneration .
The amount of steam vented to the atmosphere is also reduced from 
23575 to 8800 NM^/Hr , thus rin.v approx . 12 Tons/Hr of steam 
lost to the atmosphere .
Although the new system consumes a larger quantity of steam ( app
rox. 37 Tons/Hr or 40 Kg/M^ of treated condensate ) this dees not 
cause any problem since low pressure steam is available in excess 
in most similar fertilizer complexes and in any case is usually 
recycled as steam condensate to reduce the need for expensive 
make-up water .

IV - Comparisons

In order to compare the performance of the two systems in question 
and the contribution given towards environmental protection , the 
following points will be discussed .

A - Ground level concentration of Ammonia.
B - Cut-down regeneration effluents .
C - Disposal of pollutants .

It will be seen that although in the new system the treated capacity 
has been increased by 46 % , the total pollution load is reduced 
compared to the old system .
A - Ground level concentration of Ammonia .

The Bosanquet-Pearson equation is used assuming a wind velo
city of 5 nv/sec , and a moderate turbulance factor of 0.5 . The 
height of emission for the old system is taken as 10 meters and the 
height of emission in the new system is taken as 25 meters .( Both 
heights are actual ) The results are as follows :

Old system New system
/ 3  /3mg/M mg/M

Ajrmonia_concen. !• 7 0.594
The new system reduces the Ammonia ground level concentration in
spite of the increase in the total Ammonia discharged to the atmo
sphere ( from 16 to 35 Kg/Hr ) . This is due to the increased height 
of the vent stack .
B - Cut-down on regeneration effluents .

Since the reaction taking place on the cation exchange resin 
is directly porportional to the cation concentrations in the trea
ted process condensate , the following is concluded : ( NH.+ ) ca
tion concentration decreases from 400 ppm to 10 ppm . Saving on



cation exchange regeneration time for equivalent flow rates *
400/10 -1 40 times . This means that effluent rate from the cation 
exchange resin during regeneration is cut-down by 97.5 %, cutting 
down the disposed effluent punping rate by an average of 95% .
C - Disposal of pollutants.

In the old system the pollutants are disposed of in two manners; 
emission to the atmosphere and as industrial effluents , whereas in 
the new system they are disposed of in the same manners at relativ
ely lower concentrations , in addition to a recycle stream contain
ing highly concentrated pollutants that are injected back to the 
process . Out of the total aranonia pollution load of 107.5 Kg/Hr ,
70 Kg/Hr are recycled , giving a recycle ratio of approx. 65 % .
The Ammonia remaining as a liquid effluent was essentially elimina
ted in the new system .

V - Design Considerations.
The process design of the new system is relatively diffcult due to 
the lack of published data on equilibrium constants for multi-phase 
systems at the low concentrations encountered in the process conden
sate . In 1975 Thomas J. Edward,John Newman and John M.Prausnitz 
established a thermodynamic frame-work to calculate equilibrium va
pour-liquid composition for dilute aqueous solutions of one or more 
volatile weak electrolytes , the parameters required for multisolute 
systems are estimated from corrolations , coupled with chemical equ
ilibria . The weak electrolyte in the liquid phase exists in two 
forms , molecular and ionic , the chemical equilibria between these 
two forms is described by dissociation equilibrium constant; and 
at high dilution vapour liquid equilibrium is characterized by Henry's 
Law . Therefore the thermodynamic analysis of such systems is ba
sed on two descriptions , a Macroscopic (Bulk ) basis and Microsco
pic ( Molecular ) basis.
The parameters involved are :
1 - Dissociation equilibrium.
2 - Mass balance .
3 - Solution electro-neutrality.
4 - Vapour-Liquid equilibrium.
5 - Molecule-Ion and Ion-Ion interaction parameters.

( Including dissociation equilibrium for water.)
In the case of process codensate collected from the gas preperation 
section of Ammonia Plants , ten distinct species are present :
NH3 ( Molecular ), CC>2( Molecular ),NH^, HCC>3_ , CC>3 ,
H+ , 0H~ , NH2C00" , H20 and CH30H .
These ten species result in 18 equations as follows:

Five chemical equilibria.
Three Mass balance.
One Elctro-neutrality .
Eight Activity coefficients .

These 18 equations must be solved simultaneously using the itéra - 
tive Newton-Raphson technique utilizing a computer . The process 
design was conducted in association with Messrs HALDOR TOPSOE , wh o



had access to such programs and had actual performance data from 
operating units of their design . The basic and detailed mecha
nical design was handled by our company , the main difficulties 
encountered were related to limitation in available area and Uti
lities for the unit. It had to fit properly in a site surron- 
ded by existing facilities , and there was a need to minimize pip
ing changes . Since our head office is in Kuwait , we were able 
to optimize the design quickly by frequent visits and discussions 
with the client .

VI - Economic Considerations.
A new pre-treatment syt em similar to the one described .together 
with related cation facilities; is estimated to cost some 300,000 
to 400,000 K.D. more than the simpler existing system with a larger 
cation exchange requirments . This results in an additional depre
ciation charge in the range of 30 to 40 fils per meter cube of trea
ted water , ( Based on 10 years depreciation ).
To claculate the total cost per meter cube of treated water , it 
would be necessary to add the cost of extra steam , power, and coo
ling water and to substract the costs of saved regeneration chemic
als , wash water and steam losses to the atmosphere. They would 
therefore differ from plant to plant due to differences in utility 
costs .
In Kuwait , as in most Gulf Countries, make-up water is expensive, 
while cooling watei and power are relatively cheap. The total cost 
per meter cube of treated water proved to be cheaper in the new 
system. An idea of the relative importance of different cost ele
ments can be given by assuming some typical values as shown on the 
next page .
It can be seen that the main extra cost in the new system is due to 
extra Low-Pressure steam and cooling water consumption.

Value in fils/M^

1 - Variable Costs:
Existing System. New System

- Chemicals. 180 7.5
- L.P steem feed. 30 75

Steaiq/Cond. Losses. 23 6
Regeneration wash water. 12 0.5

- Cooling water & Power. 30 101

Total Variable costs. 275 190

2 - Fixed Costs:
- Depreciation. 5 25
- Maintenance. 5 20
- Other costs.( Operation..etc) 5 15

Total Fixed costs. 15 60***_ _ _
Total coat Per M3 290 Fils 250 Fils



If Low Pressure steam is in excess . which is the case in most 
chemical plants, it's value would tend to zero , if vented to 
atmosphere for example. To make use of surplus low pressure 
steam it would have to be condensed, thus increasing cooling 
water consumption . In such a situation , the new system would 
result in significantly lower cost per meter cube of treated 
water .

Finally , we can conclude that the new system would either be 
cheaper or have the same order of magnitude of cost for water 
treatment in most Arab Gulf countries . The system is being 
adopted im many locations in view of increasing concern about 
the environment, it represents the best technical means of re
ducing pollution from ammonia piants process condensate to the 
lowest possible level ,
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POS. 4 2 3
COMP. KC /HR I WT V. KO /HR WT V. KC /HR WT V.
H2 0 UG416 99.LO 1C9U 9 5.94 Ì41472 99.80

xHH3 n 0.05 16 C.OB 56 0.04
x C02 509 0.19 52 A 2.60 ES 0.05
CH30H 221 0.15 59 0.30 162 0.11
TOTAL 147300 100.00 19543 | 100.00 111757 100.00

A  PETROCHEMICAL IMOUSTRIES lire IIAWI cittì Affi.
/̂ tv\ COHSOLTIIG OFFICE. 
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Discussions:

Q', Badr El-Din, PICO, Kuwait:
What do you mean by integrated approach to effluent, treatment in 
a fertilizer complex? Most people have determined that the treat
ment of each effluent separately at its source is a better ap - 
proach.

A: M.Ezzat, AFCFP. Kuwait:

The integrated approach for treatment of effluents in a fertilizer 
complex looks to be the best solution to minimize pollution by 
making use of the different characteristics of effluents and emi
ssions , e.g. the gaseous pollutants like hydrogen sulphide, ni
trogen and sulphur oxides and hydrogen fluoride are acidic in
nature and some of them have reducing property, while the ammonia 
bearing effluent is basic and chromate bearing effluent is oxi
dizing in nature. Scrubbing these gaseous pollutants by cniwuite 
bearing effluent and ammonia bearing effluent successively in 
seperate scrubbers can lead to reduction of chromate, removal of 
a part of ammonia and arresting the gaseous pollutants.

Q: S.R. Ahmad, Core Lab., Bahralr:
What are the major pollution problems in transporting sulphur and 
what are the advantages of transporting it in liquid form?

A: M. Ezzat, AFCFP. Kuwait:
Sulphur is a dusty product, dust is considered a nuisance when 
loading or unloading vessels or cars. Molten sulphur is not dusty 
and is also not corrosive. Corrosion can take place only by solid 
sulphur being in contact with water.

Q-. R. Anders, Lurgi, Germany:
Is there a similar institution in the Arab Countries ar> for in
stance in U.S.A., the Environmental Protection Agency? Who sets 
the pollution levels? Who determines pollution levelo of SC>2»
SO^.F ...etc. for new plants to be built?

A: M.Ezzat, AFCFP. Kuwait:
Such institution is not yet established. Recently technical com
mittees have been formed in some of the Arab Countries. These 
committees have laid down guide-lines for pollution in fertilizer 
plants. Of course, these committees take into consideration the 
regulations adopted by developed and developing countries and also 
they follow the recommendations laid down by plants designers.
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Country there is its own committee for environmental protection 
and that in the near future similar agency will be formed in the 
Arab Region.

Q: Seif El-Din Atfeh, Ministry of Industry. Syria:
Which system do you apply for controlling water thermal pollution?

A: H. Sha'asha, JFI, Jordan:
It is very obvious that you can control thermal pollution by regu
lating the amount of water flow. So, if you find out £hat the tem
perature of water returned to the sea exceeds, say 10 C, than the 
ambient temperature, then you simply increase the flow. Design cal
culations are based such that increase in temperature will not be 
more than ambient temperature by 10°C.

Q: Mahmoud Al-Attal, Ministry of Health, Bahrain;
What about dangers from SiC>2 dust?

A: H.D.Schneider, Chemie Linz, Austria;
The Silica(SiO_) is known as a by-product from the production of 
aluminium fluoride from fluosilicic acid. This precipitated Si02 
is considerably finer than the SiO? which is found in nature.
Chemie Linz is having already experiences with this by-product 
since 1963,(start up of the ALF-plant) and there have been no 
health problems observed on workers exposed to this product. So 
in my opinion, the traces of SiO- present in the final fertilizer 
product should be also of no problem when handled by workers or 
in the agriculture. But I will certainly consult our experts to 
be able to correct this view if necessary.

Q: Seif El-Din Atfeh, Ministry of Industry, Syria:
What about the viability of production of sulphuric acid from gypsum?

A: H.D. Schneider, Chemie Linz, Austria:
The gypsum-sulphuric acid process is a coproduction of cement 
clinker and sulphuric acid. Therefore one has to know first the 
credit for the cement to calculate the production cost of sul - 
phuric acid. Other influencing factors are:- 

Availability of sulphur in the country.
- Other raw materials for the production of cement.

Availability and price of energy.
With this information one can only calculate the actual production 
cost, and some recent projects for India, Bangladesh and U.S.S.R. 
are showing that there are economicaly solutions for the elimination 
of the phospho-gypsum problem.
Chemie Linz would be pleased to check also your case, to add 
more to the already operating units in Linz and in South Africa.
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Q: M.Ezzat . AFCFP. Kuwait :
Is it possible to apply the Shroud System for the prilling tower 
in urea plants since it is now applied sucessfully in ammonium 
nitrante plants ?

A: Mr.F.Granelli , Snamproqetti , Italy:
In principle I think that it can be applied to the prilling tower 
in urea plants , but the problem is entirely different between 
ammonium nitrate and urea . So I beleive that in urea plant you 
have simply to catch and possibly to avoid from the very begining 
the formation of small particles in the prilling tower itself and 
that can be done by using a system which avoid a formation from 

the begining itself and during the impingenment at the bottom of 
the prilling tower but in principle we may use such system for 
urea prilling tower .

Q: Mr. F.Sehweil , PIC, Kuwait :
Can we practically use the effluent from the hydraulizer in a urea 
plant as a boiler feed water make-up in a high pressure system ? 
what is the content of ammonia and urea in this case ?

A: Mr. F.Granelli , Snamproqetti , Italy :
Yes , you can use the effluent from hydraulizer as make-up boiler 
feed water even from the high pressure steam system , since the 
content of ammonia and urea in the effluent are within the accepta
ble limits .

Q: Mr. F. Sehweil , PIC, Kuwait :
Does the natural draft tower reduce the dust particles , and how 
tall the tower which we need especially when we have high capa
city plant ?

A: Mr. F.Granelli , Snamproqetti , Italy :
The natural draft tower by itself by definition does not solve or 
reduce the problem . It is the result of a combination of proper 
design of the prilling tower and use of a special prilling busket, 
because if you can reduce the formation of very small particles 
during the action of spraying by this way you achieve half of the 
results because you do not get these particles entrained in the 
outlet of prilling tower . The height of the prilling tower is 
mainly affected by the temperature of the air around and it does 
not make so much difference if you have induced draft tower or 
natural draft tower . The cross section " diameter " of the pri
lling tower depends to a very large extent on the device you are 
using for spreading , as uniform as possible , the powder on the 
cross section , so even if you use an induced draft tower you can 
not decrease very much , but only marginally the diameter of your 
tower for a certain capacity , because otherwise you risk to have 
impingement of droplets still in melt conditions on the inner walls
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of the prilling tower itself , so ycu get a build up of this ma
terial on the prilling tower inner walls which can become dan
gerous problems afterwords , so I should split the two aspects, 
you know and all these experiences of ours about the two types of 
towers have brought us to the conclusion that the effort of having 
induced draft towers does not pay-off in any case and it is just 
on the opposite usually a problem because you have increased opera
ting cost due to the fans and maintenance cost and so on . More
over paradoxically when we tried tc make very close analysis of 
of the flow pattern of the air inside of the tower we have came to 
conclusion that you get a less uniform distribution of the air in 
an induced draft tower rather than in the natural draft tower .
But as far as the size , there is a very small difference unles 
you are talking about very large plants , but even in this case, 
we have built what is nowadays I think the largest urea plant in 
the world 1800 MT/day in india and it is a natural draft tower 
even if the climate conditions are not specially favourable even 
in such case the difference in size of the two types is really 
very marginal . It is much more important the spining busket it
self and speed of rotation for that, which determines the minimum 
diameter , that is independent of natural draft or forced induced 
draft tower .

Q: M. Ezzat, AFCFF, Kuwait;
Do you recover ammonia from the gas discharged to the atmosphere 
from the flash drum?

A: Mr. Mostafa Badr El-Din, PICO - Kuwait:
No, this gas is mainly carbon dioxide and vapour. It contains 
some ammonia, but this is unavoidable. There is no cheap way of 
recovering it. It can however be recommended if desired.

Q: M. Ezzat, AFCFP, Kuwait:
Is it possible to combine urea process condensate with ammonia 
plant process condensate in the same treatment system?

A: Mr. Mostafa Badr El-Din :
Theoretically, if urea is totally dissociated in a hydraulizer, 
this can be done, but boiler-feed water must not contain any 
urea and in practice hydraulizer effluent can not be recycled 
as boiler-feed water.
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7- POLLUTION MONITORING AND 
CONTROL PROGRAM AT SAFCO

This paper elucidates the pollution control strategy adopted 
at SAFCO, i.e. pollution monitoring and control system, plant 
improvements undertaken to reduce pollution and future action 
plan.

Introduction
The SAFCO plant is situated half way between Dammam and 
Al-Khobar at a distance of 2 Kilometers from the main highway. 
When the plant was constructed there was hardly any population 
or housing schemes for miles around. The commissioning of 
the urea plant took place in 1969. Tremendous problems were 
encountered during the start up period and SAFCO early years 
of operation. These factors were responsible for a rather low 
key management attention tc pollution monitoring and controls 
at SAFCO.
The first five years of SAFCO operations were very trying but 
fortunately the plant was able to over-ride all the technical 
difficulties and headed for a steady course. The plant was 
able to make great strides in all areas including production 
and related functions and systems. However, during the last 
six years the area around the plant has witnessed a rapid 
progress in development and construction. SAFCO now has 
neighbours such as King Faisal University, Petromin and other 
concerns. SAFCO housing project adjacent to plant premises is 
underway and will be ready by the end of 1982.
As a logical sequence to these developments the pollution 
monitoring and control program at SAFCO has been revitalised 
and receives active management support.
I. Pollution Monitoring and Control

The monitoring of SAFCO effluents and emissions is 
carried out on a regular programmed basis. The work 
is undertaken by an active group in the Laboratory 
headed by the Pollution Control Coordinator.
The program started with identification of effluent 
and emission sources and establishing standard methods 
of monitoring the pollutions. The sources of emissions 
and effluents are listed in Table-1.

By : Arshad A. Al-Saleh & Moh'd. Abul Huda. 
Suadi Arabian Fertilizer Company. 
Dammam, Saudi Arabia.
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¿AL'Co has its own weather station and parameters such 
as atmoshperic temperature, pressure, wind direction 
and velocity ..re continuously recorded.

The SAFCO pollution monitoring and control program is 
aimed at two main objectives:
a) To sustain a suitable environment for people 

working in plant areas and this is achieved
by regular monitoring of sources of emission 
and endeavours to improve conditions whenever 
reasonably feasible. Pollutants, such as, NH3 
S02, H2S, dust and sound levels are assessed 
regularly. Results obtained so far comply with 
industrial hygiene threshold limit values recommended 
by the Americican Conference of Governmental 
Industrial Hygienists for worker's exposures of 
8 hours per day, 40 hours per week.

b) SAFCO has a moral responsibility to ensure that 
the ambient air quality and liquid effluents 
discharged to the Gulf are within the approved 
standard limits.

Ambient Air Monitoring
Initially 15 posts defining sampling locations were 
established on the boundary of the SAFCO plant. The 
gaseous contaminants which are mainly ammonia, sulfur 
dioxide and hydrogen sulphide were sampled using'Midget 
Impinger'with a hand pump. The drawbacks of this system 
were :

a) Time consuming

b) Sample size and period were limited

c) Tedious to carry around the necessary sampling 
equipment.

However, the system was advantageous in assessing peak 
levels where-ever required.

Monitoring system currently adopted comprises of four 
fixed stations located round the SAFCO periphery. These 
stations consist mainly of sampling equipment housed in 
well ventilated cupboard.The measuring equipment essentially 
consists of bubblers with suitable reagents, pumps for 
drawing atmospheric air and gas meters for volume measurement.
Thu system works on 24 hours basis. The results collected 
so far on both systems have constantly shown to be well 
below the limits set by EPA and other environmental 
regulation agencies. The ambient air quality with respect 
to S0 2 , urea dust, and ammonia has greatly improved after 
executing major projects such as new sulphuric acid plant, 
urea revamp and third stage decomposition etc. Table-2 
shows the levels of pollutants in ambient air and how 
favourably they compare with approved standards.
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Liquid Ef f1 ui-r.ts
SAFCO takes active interest in monitoring and controlling 
liquid effluents parameters. SAFCO also collaborated with 
University of Petroleum and Minerals in their efforts to 
assess the water pollution levels in the Gulf.
The liquid effluents in SAFCO are classified into two 
main categories. The first category is the nitrogenous 
effluents which are contributed from various streams in 
the urea unit and end up in the evaporation pond which 
is remotely located from the operating facilities. The 
effluent to the evaporation pond is checked frequently 
to assess ammonia and urea levels. mhe effluent to pond 
does not pose any serious problem since the level in the 
pond stays low and no discharge of the nitrogenous effluent 
outside the plant is required. Furthermore the ammonia 
emissions round the pond are within approved limits.
The second category is the non nitrogenous effluent 
contributed mainly from cooling water, evaporators 
and boilers blow down alongwith other streams from 
the ammonia and sulfuric acid plants. This effluent 
is finally discharged into the sea. Water quality 
parameters such as PH, TDS, Chromium, Phosphate etc. 
are monitored on a continuous basis. Range of SAFCO 
effluent to sea is shown in Table-3.

11 - Action taken to reduce Pollution 
1) Safco Cooling Water System

Prior to 1975 SArCO employed a chromate/poly- 
phosphate treatment for its 900,000 gallons 
hold up and 90,000 GPM circulation capacity 
cooling tower. The chromate control limits were 
in the region of 20 - 30 ppm. This in effect meant 
that about 240 lbs of chromate per day was dumped 
into the sea because of cooling tower blow down.
It was realized that this situation could have 
serious ill effects on aquatic life. Strenuous 
efforts were made by SAFCO to curtail this pollution 
trend and steps were taken in 1975 to change the 
cooling water treatment.
'['he chromate levels in the cooling water effluent 
were reduced in 1977 from 20 ppm to 3 ppm by adopting 
a new low chromate/zinc plus phosphate chemical 
treatment. The new corrosion control treatment 
has also proved to be very efficient in inhibiting 
corrosion and deposits in cooling water exchangers.
2. Urea Revamp Project
The 1000 MeTons per day urea unit was originally 
designed with facilities for crystallizing urea from 
the solution after two stages of decomposition. The 
urea prills were processed by way of crystallization 
centrifuging, drying, remelting and spray heads prill
ing. The process utilized a large variety of heavy 
mechanical equipment like centrifuges, dryers, conveyors, 
melters, cyclone separators and prill coolers etc.
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Operation cf the above equipment gave rise to frequent 
mechanical failures and unsafe conditions and a continuous/ 
steady production could not be maintained. But above all, 
the urea fallout due to crystals handling and poor prilling 
was a crucial problem. Weather conditions such as high 
humidity and temperature escalated the problem even 
further.
The urea back-end revamp project was iniated by SAFCO 
Management with a view to replace the old urea unit back
end facilities. The new back-end facilities were 
installed in 1977-78 at an expense of SR. 15.5 million 
and commissioned in 1978.
The new system consists mainly of two falling film 
evaporators, air heaters, melt pump and prilling Tuttle 
bucket. Operation of the new system helped in eliminating 
pollution problems and the urea fallout now is almost 
negligible. Other advantages of the system include - 
no dust collection system is required, tremendous 
improvement in prills size distribution, smoother 
operation and an overall very high service factor.
3. Third Stage Decomposition
The urea plant was initially designed by Chemico with 
two stages of decomposition. The effluent from the 
second decomposer was expected to have 0.77% ammonia 
whereas in actual operation the effluent contained
1.5 - 1.7% ammonia. Due to this deficiency in design 
the plant sustained about 22 MeTons of ammonia loss 
against the design loss of 12 MeTons per day. In 
addition to loss in production the situation was 
considered unacceptable because of sizable ammonia 
discharge into the atmosphere.
The third stage decomposition and recovery system was 
initiated by SAFCO Management with the view to recover 
ammonia losses and to drastically curtail ammonia escape 
to atmosphere. The system was installed and commissioned 
in July 1981 at an expense of SR. 4.5 million.
The facilities essentially includes:
a) 3rd Stage Stripper
b) Low pressure condenser
c) Low Pressure Separator.
Operation of the above system efficiently removes 
ammonia from the urea solution sent to evaporators 
for concentration before prilling. The ammonia content 
in the 3rd Stripper bottom solution is about 0.6% as 
against 1.5 - 1.7% experienced earlier. On an average, 
about 12 MeTons of ammonia are actually recovered per 
day. The recovery of ammonia has improved ammonia to 
urea conversion rates and also eliminated a significant 
pollution hazard.
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4. Ammonia Vapour Recovery System
SAFCO has two atmospheric ammonia storage tanks with 
a capacity of 10,000 and 2,500 MeTons respectively.
Initially a Yorkshipley refrigeration unit was incor
porated in the design to recover ammonia vapours from 
the main storage tank. The unit however proved to have 
inadequate capacity and also required more than normal 
maintenance to operate. As a result, ammonia vapours 
from the main storage tank had to be frequently flared.
This pollution and production loss situation persisted 
from 1974 - 1977. A higher capacity HTI Refrigeration 
Compressor was installed in 1977 which allowed complete 
recovery of ammonia vapours from the atmospheric ammonia 
storage tanks amounting to about 8 MeTons of ammonia per day.

5. The New Sulphuric Acid Plant
SAFCO had initially a single absorption 50 ton capacity 
Sulphuric Acid Plant with an overall conversion 
efficiency of 95 - 96%. The S02 and SO3 in the exit 
stack were running at higher values than those set 
by EPA thus causing a pollution problem.
The new 300 MeTons Sulphuric Acid Plant project was 
initiated by SAFCO Management with the view to meet 
market demands and to implement the latest technology 
available to ensure minimum emissions of sulphur 
oxides.
The new Sulphuric Acid Plant was commissioned in the 
first quarter of 1980. The plant was designed with 
double absorption which means an addition of an inter
mediate absorption tower and a heat exchanger ahead 
of the final stage of conversion resulting in overall 
conversion efficiency of 99.7 - 99.8%. The height 
of the sulphuric acid stack is 125 ft. which allows 
for better diffusion and dilution of the vent gases. 
Acid mist eliminator equipment is provided. An infra 
red analyzer is incorporated to allow for continuous 
analysis of SO2 levels in the exit stack. Current 
stack emissions in the new Sulphuric Acid Plant as 
compared with old one is shown in Table-4.
Design guarantee and subsequent test values of SO2 and 
SO3 in the exit stack meet United States F.PA standards 
quite favourably. The old Sulphuric Acid Plant was 
put out of service after commissioning of the new unit. 
The provisions made in the new Sulphuric Acid Plant 
have helped significantly in improving SO2 ambient 
air quality.

-126-



6. General Plant Improvements
Frequent shutdown and start ups were experienced in 
the early years of SAFCO operation due to technical 
problems. This also resulted in frequent venting and 
draining of the equipment. As a results of the many 
improvement project executed since 1975 the service 
and capacity factors are now around 94% (including 
the yearly turnaround of 13 - 15 days duration). As 
a result of long continuous operational runs the plant 
emissions and effluent generally stay low with no peak 
excursions.

III. Future Action Plan

1. Purge Gas Recovery System
The purge gas from the ammonia synthesis loop is 
currently burnt and utilized in the Primary Reformer 
furnace as a source of fuel. Based on design and test 
values, 2 - 2 . 5  MeTons of ammonia are lost per day.
The recovery of ammonia is an economically viable 
proposition and plans are underway to install a purge 
gas ammonia recovery unit to eliminate ammonia and 
hydrogen losses. This will also eliminate any traces 
of NOx in the atmosphere.

2. Scrubbers for Evaporators Stack
With the operation of the urea revamp system the urea 
fall out has been drastically reduced and is almost 
negligible. However, efforts are underway to examine 
possibility of scrubbing the stack from the evaporators. 
An in line scrubbing facility is already in operation 
recovering a good part of urea entrainment from air 
exit the evaporators. Further improvement to the system 
is being developed.
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TABLE -  1

A. Sulphur Emissions
H2S, SO2, S03/Acid mist

B. Ammonia Emissions 
NH3

C. Particulate Matter
Suspended dust, urea 
fall out dust

D. Effluents
Nitrogenous and non 
nitrogenous effluents

E. Noise

Contributing Sources 
H2S flare
Acid Plant Absorption Tower Stack 
MEA-H2S/CO2 Removal System 
Claus Sulphur Recovery Unit 
Sour Gas Line

Contribution Sources 
Ammonia and Carbamate Pumps 
Urea Unit Drains 
Urea Unit Vent Stack 
NH3 Storage Tank/HTI 
Plant Leakages

Contributing Sources 
Air (Suspended dust)
Prill Tower Fans 
Evaporators Stack

Contributing Sources
Cooling Tower Blowdown 
Boilers Blowdown 
MSF Evaporators Blowdown 
Plant Drainage 
Urea Drains

Contributing Sources 
Primary Reformer Furnace 
Compressors 
Boilers ( F.D.Fans)
Power Generators 
Steam Ejectors.
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TABLE 2

AMBIENT AIR QUALITY AROUND SAFCO PLANT PERIPHERY
Pollutant Range

H2S ( ppm) N.D. - 0.006

S02 ( ppm) N.D. - 0.05

NH3 ( ppm) Nil - 0.1

Particulate matter 
( Suspended dust Mg/m^)

150 - 250

N.D. - Not Detectable

TABLE - 3

NORMAL RANGE OF SAFCO EFFLUENT TO THE SEA

PH 7 - 9
Temperature 28 - 29°C
Ammonical nitrogen 50
Chromium (Cr. ) 0.3 - 0.7
Phosphate as ( PO4) 0.2 - 0.7
Arsenic (As ) 0.001 - 0.003
Zinc (Zn ) 0.3 - 0.7
Total Suspended Solids 65 - 85

( TSS)

Results are expressed in mg/1.
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T A B LE  -  4

SULPHURIC ACID STACK EMISSIONS *

Sulphur Oxides Levels 
Ex Stack

* New H2SO4 Plant Old H2SO4 Plant Maximum
Allowable

SO2 ( ppm) 100 - 170 1900 - 2500 380
SO3 and Acid mist 

( Mg/Nm^)
12 - 25 140 - 180 37

* The new sulphuric acid plant meets stringent EPA 
regulations.

502 2 Kg of SO2 per ton of acid

503 and mist /  0.07 Kg of acid mist per ton of acid.
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8- REMARKS ON POLLUTION PROBLEMS IN 
THE SYRIAN FERTILIZER COMPLEX

*

The paper discusses the importance of water resources in the wes
tern part of syria , especially for agriculture ,and therefore indus
trial activities that consume water will be on the expense of agricul
tural needs and this is considered dangerous . The pollution problems 
in Homs are centered in one area where three fertilizer plants and the 
Electric Station are located . One the main pollution problems facing 
the fertilizer plants at present is the phosphogypsum .

Technical Committee in syria studied thoroughly the phosphogypsum 
problem, and the possibilities of utilizing it in cement-sulphuric acid 
process or aranonium sulphate production or others.

The committee decided to apply the phosphogypsum pumping because 
it was almost 50 % less in cost than other methods * **

*Dr. M. Seif El-Din Atfeh , Ministry of Industry , Syria .
**
This is a brief summary or the paper because the full text of the paper 
was not received from the auther .
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9- CONTROLLING WATER TREATMENT TO COMBAT
*

WATER POLLUTION

1. Preface
1 .1 . The plant No. 2 of State Enterprise of Fertilizers , Basrah has 

been designed to produce 120 M / HR of domin water for the prod
uction of 800 Tons / Day Ammonia and 1300 Tons / Day Urea .

1.2. The Design of the system has been based on 1972 - 1973 specifica
tion of raw water from Shatt Al-Arab River .

1.3. The plant went into operation in 1976 . The salinity of water 
of Shatt-Al-Arab increased over the years due to several reas
ons. Consequently , the operation of water treatment had to un
dergo various modifications resulting in increased consumption 
of chemic als . This had created additional water pollution prob
lems in the area .

1.4. Attempts have been made to overcome this problem , taking into 
consideration the 3tringent anti-pollution regulations of gover
nment of Iraq , the pollutants in this case coming from water 
treatment chemical Ammonia and Urea .

1.5. In this report , we propose to give an idea of the modifications 
we intend to carry out to minimise the water pollution by making 
necessary changes in the design and operation of the water treat
ment section .

2. Design Specification of Water Treatment Section.
2.1. The plant was designed to operate in accordance with the raw 

water specification given in table 1 .
2.2. The material balance for water tretment is summarised in figure 1.
2.3. Figure 2 gives the figures for the waste water produced from 

primary treatment , cooling water treatment , blow down, of 
boilers^etc .

3. Influence of Modified Raw Water Specification .
3.1. The increase in salinity of Shatt-Al-Arab has been attributed 

to the following reasons:-
(i) Development of irrigation in the country .
(ii) Presence of excess flood waters to Suphrates on acc

ount of Tartar Project .
2  2 Such factors as above have been beyond the control of the Fer-

tllizer project and this had resulted in the following problems.
By: Eng. Maan Rashad

State Enterprise of Fertilizers - Basrah - IRAQ
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Table ( 1 )
Desgin Fig. of Feed Water
P.H 7.8
E.C 1711 cm
T.H 560 P.Em ias CaCO
CS.H 339 tt n If
MgVk 221 It »f If
M.ALK 190 N II M
Cl* 406 If II If
Si02 17 P.P.m as Si02

T.D.S. 1250 mg / L
S.S 300 P.P.m
TURB 100 M

3.2.1.Increased Consumption of Chemicals:
Table 2 gives an idea of the increase in chemical consumption 
in comparison to the original design figures for primary treat
ment .

3.2.2.Cooling water treatment : it is to be noted here we did encou
nter different operational philosophies of the main contractor 
and the supplier of cooling water treatment chemicals . While 
the supplier of chemicals suggested to operate the unit based 
on 15 ppm of acid inhibitor in circulating water at a concent
ration ratio of 2 , the main contractor insisted according to 
his research work , to use 35 ppm of inhibitor keeping concen
tration ratio same .

3.3. Operation of Soda-Lime Process:
3.3.1.The Operation of Soda-Lime process has been found to be very 

troublesome in the face of the changed specification of raw 
water .

4. Conclu sionsi
4.1. The following steps have been considered for implementation in 

the project to minimise water pollution .
4.1.1. TC install a reverse osmosis unit of 140 M"V HR capacity in 

between the existing filtered water section and déminérali
ser .

4.1.2. To change the present system of cooling water from acidic to 
alkaline treatment in order to have an opportunity to work 
with a high concentration of calcium hardness with possible 
reduction of the blow-down by about 1/3^

4.1.3. Delete the present Soda-Lime process operation and operate 
it only as coagulant process Using aluminum sulphate in the 
clarifier .

4.1.4. Neutralisation of waste by sulphric acid Etc.
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TABLE 2

■J

TABLE SHOW THE INCREASE OF CHEMICAL CONSUMPTION FOR THE YEARS
FROM 1977 to 1979

ITEM 1977 1978 1979
F-W as 70% of Design 630 630 630
CaO Tan 1120 1239 1287
Na2C03 Tan 944 1279 1953
ALUM Tan 199 237 259
D-W-P- as 92% Design 963 963 963
h 2so4 Tan 1915 2105 2473
NaOH Tan 1277 1600 2156

TABLE 3

ITEM CONSUMPTION 1979 SUGESTED CONSUMPTION

CaO /Tan 1838 Zero

Na2C03/Tan 2790 Zero

ALUM /Tan 370 300

H2S04/Tan 2688 850

NaOH /Tan 2340 600

, 3 6 6F-W / M 9x10 7.6x10

, 3 4 4D-W / M 1 0.4x10 10.4x10

, 3 6 6C-W / M 6.88x10 5.76x10
, 3 6 6T-W-W / M 3.44x10 2.32x10

—  136—

.. . A 1



137-

A N A L Y S I S  OF RAW WATER 1 9 8 0  1 9 7 8

Date Jan Feb Mar Apr May
i-----

JUVÌ Jul T 'Aug Sep Oct Nov Dec

P.H 7.72 7.8 7.78 7.65 7. 7 7.6 7.6 7.7 7.86 7.77 7.81 7.69

E.C ( W £ j207 3 1906 1908 1950 2081 1905 2261 1645 1950 2341 2268 2066

T.C (CaCQ,) 
ppm

1084 1013 1015 - - - - 789 975 1209 1235 1153

v-a.H( " ) 347 | 330
1

337 370 324 253 284 221 304 341 357 355

Mg.H (" ) 401 301 255 281 334 299 314 234 277 323 316 324

Na+ ( " ) 336 391 424 - - - - 334 394 545 562 474

M.ALK(") 167 172 lo9 157 151 170 166 184 180 171 159 144

Cl (" ) 481 442 443 382 422 413 496 368 469 580 572 554

SO (" ) 4. 436 400 404 400 360 331 373 237 326 458 503 455

SiO (P.P.M)3.4 3.3 2. 2 1.45 3.1 4.55 7.8 6.2 11.9 7.7 5.9 2.97
T.D.S( ") 1237 1267 1123 1275 1243 1309 1301 1090 1550 1473 1386 1195

Turb( " ) 1 1 . 1 7.7 4.6 3.7 6 . 1 3.4 4.4 6.75 6.5 4.73 4.63 6.49

S.S ( " ) 8 . 1 11.5 8.4 4.4 7. 25 9.2 5.8 13.1 4.7 7.3 5.0 8.6

C . 0. D ( " ) 9.5 7.6 5.7 8.3 5.6 6.3 7.8 7.85 4.9 5.48 5.13 6.3

Fe ( " ) 0. 3 0.36 0.19 0.15 0. 32 0. 26 0. 22 0.99 2.5 0. 26 0. 23 0. 32



ANALYSIS OF RAW WATER 1979

Date Jan Feb Mar Apr May J un Jul Aug Sep Oct Nov Dec
P.H 7.78 7.79 7.65 7.79 7.73 7.73 7.67 7.82 8.0 7.71 7.58 7.87

E.C (MVfuJjL720 1581 1590 1550 1423 1417 1875 2468 3286 2655 2432 2353

T.c (CaCOj)PP«n 944 799 824 796 743 763 834 1178 1461 1425 1265 1175

Ca.H(" ) 308 249 268 296 271 260 296 381 414 438 393UB 353

Mg. H ( " ) 287 295 231 226 229 287 273 338 432 381 412.5 458

Na ( M ) 349 255 325 274 243 216 265 459 621 606 459 364

M ALK(M ) 179 156 163 157 149 144 167 160 146 136 141 158
Cl ( " ) 407 339 344 320 300 331 381 550 642 641 575 527

so 4 ( " ) 358 304 317 319 294 288 332 469 664 646 549 491
Si£(P.P. M, 2.93 2.33 2 . 1 1 2.4 3.1 6.74 7.0 8 . 1 10.5 11.4 6 . 1 4.5

T.D.S(" ) 1311 1051 998 1053 962 .995 1168 1538 1747 1547 1656 1564

TURB( " ) 7.03 9.96 5.69 5.53 5.49 9.73 14.2 10.3 4.6 6.5 7.0 5.6
S.S ( " ) 9.2 1 2 . 2 6.22 7.6 6.2 43.4 8.8 15.2 7.2 9.1 9.1 7.0

COD ( 11 ) 5.47 6.31 5.58 6.47 6.6 5.52 6.8 6.4 7.9 10.6 6.6 5.7

Fe ( " ) 0.24 0.31 0.28 0. 33 0. 3 0.75 0.46 0.52 0. 33 0. 23 0.27 0.19
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5. Expected Improvements From Such Modificationa;
5.1. It is our opinion after certain period of studying different 

water treatment processes that it is not strictly necessary 
to follow a conventional pattern in the design of water trea
tment units . The Following General Improvements we expect to 
achieve by our proposed modifications.

5.1.1. Reduction of Sludge quantity.
5.1.2. Reduction in required quantity of treated water to produce the 

required quantity of domin water .
5.1.3. Longer operation life for the lagoon because lesser quantity 

of waste input .
5.1.4. Elimination of the cumbersome chemical feeding devices for 

lime and soda .
5.1.5. Establishing steady operating conditions since the bottle neck 

of the tight soda-lime process is eliminated .
5.1.6. Possible neutralisation effects between reverse osmosis efflu

ents with cooling Tower blow down water ( Partial Neutralisat
ion )

5.2. Table 3 and Fig, 3 gives a summary of the expected ( Above 
Mentioned ) advantages for the modified system.
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10- E M I S  S I O N C O N T R O L  I N  

F E R T I L I Z E R  I N D  U S T R Y

1 INTRODUCTION
2 WHAT IS A MIST ?
3 WHAT DOES A MIST DO ?
4 COLLECTION MECHANISM
5 COMMON FEATURES OF BRINK MIST ELIMINATORS
6 EMISSION CONTROL IN AMMONIUM NITRATE PROCESS 

PROCESS DESCRIPTION :
6.1 - NEUTRALISER
6.2 - CONCENTRATOR
6.3 - PRILLING TOWER
6.4 - SHROUD SYSTEM TO REDUCE FLOW
6.5 - BRINK SYSTEM
6.6 - CAPITAL AND OPERATING COSTS
7 EMISSION CONTROL ON UREA PROCESS
7.1 - PROCESS DESCRIPTION
7.2 - EMISSION PROBLEM
7.3 - BRINK SYSTEMS
7.3.1 SC/HE SYSTEM
7.3.2 MESHPAD/HP SYSTEM
8 EMISSION CONTROL IN SULPHURIC ACID
8.1 - INTRODUCTION
8.2 - DRYING AND STRIPPING TOWER
8.3 - INTERPASS ABSORPTION TOWER
8.4 - FINAL ABSORPTION TOWER
9 EMISSION CONTROL AND CATALYST RECOVERY IN NTTRIC ACID
9.1 PROCESS DESCRIPTION :

- PT RECOVERY
- ABSORPTION TOWER

Presented by : Mr. P★ Goossens from Amafilter b.v.,Alkmaar,
Holland.
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INTRODUCTIL A
BRINK MIST ELIMINATORS are used in systems throughout the world 
to remove both liquid and soluble solids from practically any 
gas stream. Whatever your manufacturing process, it is possible 
that small and sub-micron particles are present in the process 
or stack gas stream. These particles form a dense mist which 
will cause a variety of problems varying from air pollution to 
production losses.
Unfortunately these small mists with a particle diameter in the 
range of 0.1 to 3.0 micron have a high light scattering effect 
and produce stack plumes giving great visibility and persistance. 
The BRINK MIST ELIMINATOR was developed to remove and collect 
these troublesome particles.

2 WHAT IS MIST ?
The term mist is commonly applied to liquid particles suspended 
in a gas stream. This broad definition can be dangerous, because 
it can lead to an erroneous determination of the problem and a 
costly error in the choice of a solution.
If liquid droplets are present in a gas stream, the diameter of 
the individual particles may vary considerably.
In order to determine the exact nature of your problem and 
accurately determine an effective and economical solution, it 
is important that particle size distribution be characterized 
for the gas stream in question.
- SPRAY : is commonly defined as liquid particles 10 microns

or larger in diameter. Sprays are not too difficult 
to remove and a wide variety of equipment is available 
for this purpose.

- MISTS : are defined as liquid particles smaller than 10 mi
crons in diameter (a micron is 1/ 1,000 of a millimeter, 
or 1/25,400 of an inch). True mist is extremely dif
ficult to remove, requiring highly specialised equipment.

It is virtually impossible to produce a mist by mecha
nical means and they are normally formed in manufac
turing processes in one of two ways :
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1. : Cooling of gases occurs and tne liquid or solid
mist condenses to form mist or dust particles.

2. : Chemical reaction of two or more gases forms a
product which has a relatively low vapor pressure 
at the reaction temperature and condenses from gas. 

Typical examples would be cooling of hot oil vapour wh-i.ch 
forms a dense blue mist or the reaction of SC>3 vapour with 
water vapour to form sulphuric acid mist. Both these form 
a mist with a particle diameter less than one micron.

3 WHAT DOES MIST DO ?
True mists cause problems in both process gas streams and in 
exit stack gases.
Spray particles can be removed fairly easily, but the mist 
Particles that are not collected by conventional equipment 
will still result in serious problems if they are not effec
tively removed and collected.Air Pollution
Removal or collection of spray particles from stack effluents 
may reduce emissions of a pollutant to acceptable levels but 
a plant may still be faced with a serious pollution problem. 
Mists, especially sub-micron mist particles, generate visible, 
persistent plumes, which can trail off for great distances 
from a stack. The weight of those particles per cubic meter 
of exhaust gas may rot be economically significant from 
product loss standpoint, or from a kg-per-hour emission 
limit, but these mists are in fact the major cause of stack 
plume opacity as well as plume persistence.'
Mist particles with diameters of 0.1 to 1.0 microns have the 
greatest light scattering effect : therefore, they cause the 
greatest plume opacity. Brink systems can be designed for 
an essentially invisible stack plume, provided there are no 
condensable vapours in the stack gas.
In-Process gases
The presence of true mists in process gas streams can cause 
problems in product purity, safety, decreased process on
stream time (due to fouling of catalysts or equipment) 
and increased maintenance costs. These mists can also affect
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both the design and operation of a process by requiring more 
ive ¿uaLei iaia Oi. cons Li.uc Liuu for equipment and by 

dictating operating conditions (to minimize mist formation) 
which are unfavorable for maximum output or yield.
Brink mist eliminator systems have succesfully solved many 
such process problems.

4 COLLECTION MECHANISMS 
Inertial impaction
The momentum of larger particles (normally greater than three 
microns) prevents them from following the gas as it stream
lines through the fibre bed. These particles impact on a fibre 
and are thus collected.
Collection efficiency below 3 microns is limited.
Direct interception
Particles may follow a gas streamline and be collected without 
inertial impaction, if the streamline Is relatively close to a 
fibre. Consider a particle 1.0 micron in diameter which follows 
a gas streamline passing within 0.5 microns of a fiber. The 
particle will touch the fiber and be collected by direct interception.
Brownian movement
The BRINK MIST ELIMINATOR utilizes brownian movement to achieve 
high collection efficiencies in the range of 100%.
Brownian movement, or diffusion is defined as the random back and 
for movement of the fine particles caused by their collision 
with gas molecules.
A particle 0.1 micron in diameter will have approximately five 
times the Brownian displacement of a 1.0 micron particle, and 15 
times that of a 5.0 micron particle.
Thus as the particle size decreases, the probability that these 
particles will collide with a fibre and be collected increases.
As a result, BRINK MIST ELIMINATORS utilizing Brownian move
ment actually increase in collection efficiency as the particle 
size decreases.
BRINK MIST ELIMINATORS utilize all three mechanisms to give 
approximately 100% removal of all particles greater than 
3 microns and a very high collection efficiency on particles 
below 3 microns.
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The collection efficiency by interception and impaction falls 
off below 3 microns. The collection efficiency by Brownian 
Movement becomes significant on particles smaller than one 
micron resulting in a high overall efficiency for all small 
particles.

uE
(HIGH EFFI
CIENCY)

HP
(HIGH PER
FORMANCE)

HV
(HIGH VELOC3 
TY)

SC
(SPRAY
CATCHER)

Controlling Inertial Im
paction

Inertial Im
paction

Inertial Im
paction

Inertial
Impaction

Mechanism for 

Mist Collection

Direct Inter
ception
Brownian Move
ment

Direct inter
ception

Direct inter
ception

Direct in
terception

Efficiency on 
particles > 3 /a

100% 100% 100% 100%

Efficiency on 
particles > 3 /a

94 to 99.95% 70 to 99% 50 to 97% 15 to 30%

Pressure drop 
(mm wc )

100 to 400 250 200 50

STRUCTURE OF
ELIMINATOR CYLINDRICAL CYLINDRICAL RECTANGULAR RECTANGU

LAR
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COMMON FEATURES OF BRINK MIST ELIMINATORS
All Brink mist eliminators consist of a vertically packed fibre 
bed retained between two screens. The fibre bed may be packed 
between two concentric cylindrical screens or between two paral
lel flat screens. Structural parts are made from any weldable 
metal or certain plastic materials.
All mist eliminators operate in a similar manner. Gases con
taining mist and spray particles pass in horizontal direction 
through the fibre bed.
Clean gases emerge from the bed and rise upwards to exit from 
the system.
The liquid particles are collected on the fibres in the bed and 
coalesce into liquid film which are moved horizontally through 
the fibre bed by the drag of the gases and then downward by gra
vity. The collected liquid drains off the downstream face of 
the fibre bed and out through the drain.
There are four basic types of mist eliminators produced by
Amafilter.
SC - SPRAY CATCHER
HV - HIGH VELOCITY 
HP - HIGH PERFORMANCE 
HE - HIGH EFFICIENCY
In addition, through a programme of constant research,
Amafilter expects to be introducing shortly some
significant technical advance which will extend our product range.

H-E : HIGH EFFICIENCY 
. Extremely Efficient on Submicron 
Particles uses all 3 Collection 
Mechanisms but principally diffusion.

. Constant Efficiency on Particles
Below 3 microns.

. Pressure drop depending on design:
100 MM - 500 MM WC 

. High flexibility
Efficiency independent from flow rate 

. Cylindrical shape
Efficiency increases if gas flow decreases
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H-P : HIGH PERFORMANCE 
. Excellent Efficiency on Particles 
between 0.5 - 1 micron

. Treats large volumes with small size installation 

. Design pressure drop:
200 - 250 MM WC

. Guaranteed Efficiency + S5 %

. Easy to install 

. Cylindrical Shape

H-V : HIGH VELOCITY 
. Very Efficient on Particles
1 - 3  microns

. Large Flow per surface unit 

. Pressure drop:
150 - 200 MM WC 

. Small height required 

. Rectangular shape 

. Assembly in modules or polygon

S-C : Spray Catcher 
. Very low pressure drop
25 - 50 MM WC

. Large flow per unit surface 

. 100 % Efficient on particles
above 3 microns.

. Used often as prefilter for
insoluble solids 

. Rectangular shape assembly
Module or Polygon.

6 EMISSION CONTROL IN AMMONIUM NITRATE PROCESS
Each of the numerous vents in a modern fertilizer production 
plant is a potential source of serious pollution. The ammo
nium nitrate plant can be the worst air polluter: emissions 
arise from the neutraliser, the evaporator and prill tower. 
Whilst a variety of proprietary manufacturing processes for 
ammonium nitrate have been developed by leading engineering 
companies, each of which uses different concepts of neutra
lising, evaporation, drying and conditioning methods, all of 
them are based on the production of ammonium nitrate by the 
neutralisation of nitric acid with gaseous ammonia.
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Pure ammonium nitrate is higniy hygroscopic, a characteristic 
which is of primary importance for the separation processes 
to be described.

6.1 NEUTRALISER
In the atmospheric process, the ammonium nitrate produced during 
neutralisation is subject to strong turbulence as a result of 
heat generated in the exothermic reaction. This causes some of 
the product to enter the atmosphere directly in aerosol form, 
thus, we have an air pollution problem. In pressurized or vacuum 
systems, steam has to be condensed before released to the envi
ronment, creating in general a waste water problem.
Emissions from several neutralisers have been examined and exit 
loadings near 10.000 mg/Nm3 of steam with following particle 
size distribution have been found:

larger than 3 25 % (by weight)
1 - 3 /u 25 %
0.5 - 1 ,u 40 %
0.1 - 0.5 ¡a 8 %
smaller than 0 . 1 û 2 %

We propose our HV elements in SS 304 L with teflon fiber to 
solve this pollution problem giving global efficiency of 
85 to 9 5% on the NH4N03 mist. The recovered products allov; 
a pay-off of this installation, within a reasonable period.

6 .2 CONCENTRATOR
Depending on the type of process, the concentrator presents 
emission problems similar to those of the neutraliser, although 
the ammonium nitrate mist loading of the waste gas depends 
on the type of evaporator.
Sampling done on low concentrators indicates emissions around 
3000 mg/Nm3 with 99% of particles above 3 micron. Sampling on 
high concentrators indicates loading of 1.500 mg/Nm3, roughly 
half of which is smaller than 3 micron.

6.3 PRILLING TOWERS
Depending on the application, two types of products are 
prilled, namely low-density ammonium nitrate of 95% and 
high-density of 99.5 to 99.8 %.
Low density contains 3-5 % water and is prilled at 140°C.
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This is iust aDoro^rhi no ^h^ t0.m.p0 r£tur9 S at v/hich suhmicircn 
Particles are produced. So low density prill towers usually 
do not have severe emission problems. High density prill 
towers typically spray 175-185°C molten ammonium nitrate at 
a prill deck near the tower's top. The spray stream breaks up 
into droplets which are cooled and solidify into prills as 
they fall through cooled air flowing up from the bottom of 
the tower. Sometimes "satellite" connected prills and "micro 
prills" are formed as the spray stream breaks up.
Smaller microprills will be carried out of the cower by the 
cooling air creating a nuisance problem. Emissions will vary 
with ambient temperatures but typically will be 100-150 mg/Am3
with the following particle size distribution:
Particle Size Weight percent
Larger than 3 ju 30 % 
1 - 3 /u 20 % 
1/2 - 1 ,u 35 % 
smaller than 1/2 /u 15 %

6.4 SHROUD SYSTEM TO REDUCE FLOW
The effluent air from prilling towers represents the bulk
of the emission problem in ammonium nitrate production.
Since the amount of fume generated is a function of tempera
ture, it follows that if one can reduce the amount of air con
taining the fume by isolating that portion of the prill air 
which cools the prills to a temperature below which mist is 
not formed, then collection of the mist becomes simpler and 
less costly. This is the principle of the shroud system 
whereby only the air passing in the vicinity of the prill 
head is treated by mist eliminators.
A computer program has been established which takes into 
account all variables such as the effect of various prill 
sizes, changing air temperatures and air velocities, to 
design the most economically sized collection duct (shroud) . 
Collection duct length may vary from 6 m to 20 m and air flows 
from 1/8 to 1/4 of the total air flow depending on spray 
temperature.
Pilot work was done to find the right type of scrubber to 
meet mass and opacity regulations from Enviromental Protec
tion Agency in the U.S. The first full scale unit with the
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collection duct and r r. impingement type scrubber did not 
meet the opacity limits although the collection duct worked 
properly.
The Scrubber was replaced in 1974 by a Brink Mist Eliminator 
system which is still performing well and meeting opacity 
limits. The flow from the collection duct, the evaporator and 
neutraliser were combined to one flow to the Brink System 
thus solving the total emission problem.

6.5 BRINK SYSTEM
The incoming air from the prilling tower passes through a pre
filter stage f.i. spray catcher (SC) elements, where insolubles, 
microprills and other relatively large particles are removed.
These elements are heavily irrigated with acidified solution 
to dissolve the micro-prills and flush off any insolubles. As 
the air turns up toward the HE elements it passes atomizing 
nozzles, which spray process condensate as a very fine fog.
The HE elements collect the fogged mist along with those ammo
nium nitrate particles which are small enough to pass the prefilters. 
The Brink Mist Eliminator collects the dissolved fume and 
drains it down the sump.
Performance tests have confirmed the design efficiency of
97.5 %. The Shroud system is capable of reducing the quan
tity of air requiring treatment but it requires higher collec
tion efficiencies than does a system treating the total flow 
(97.5 % vs 91 %) thus the Shroud system reduces the Brink 
system (Element and vessel) costs by 50 % and makes the total 
system more practical for controlling prill tower emissions.
13 of such abatement systems are operating at present and more 
are scheduled to start. The operating experience indicates 
that Brink Mist Eliminators are the only succesful method 
of controlling prill tower emissions.

6.6 CAPITAL AND OPERATING COSTS
1. Capital Costs.

The installed cost of a system can vary from one plant to another.
Typical items that cause cost variations are:

1. Volume of the air flow.
Use of the shroud system can reduce the flow 
requiring treatment to 25-30% of the total.
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2. Customer or authorities collection efficiencv renuirements
3. Installation at the top (generally for new plant only) or

at the bottom of the prilling tower.
4. Modification of the tower to support the equipment if in

stalled on top.
5. Available plot area.
6. Installation during plant construction or later.

Capital cost data have been obtained from plants when systems 
have been installed or where installations are planned. When 
the plant size increases, as expected, the cost per unit of 
production decreases.

2. Operating Costs.
The operating costs incurred are principally the electrical 
power for the system, blower and circulation pumps. As the 
elements are self cleaning no special maintenance is required. 
The quantity of ammonium nitrate collected (40-50% 
solution) is normally sufficient to pay for these 
operating costs.

7 EMISSION CONTROL IN THE UREA PROCESS
7.1 Process Description

Urea is manufactured by reaction ammonia and carbon dioxide 
at a pressure in the range of 200 - 300 bars and at a tempe
rature in the range of 170 - 210°C.
The first reaction, in which ammonium carbarnte is formed, 
is exothermic and goes rapidly to completion.

Co2 + 2NH3 NH4 COO NH2 + 31 Kcal

The second is endothermic and relatively slow.

NH4 COO NH2 NH2 CO NH2 + H20 - 5 Kcal

Two important si^c reactions are the formation of biuret 
by the combination of two urea molecules and the hydolysis 
of urea to ammonia and carbon dioxide.
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7 . 2 Emission problem
During prilling (and granulating) , microprills prill 
fragments and thermally generated sub-microns urea fumes 
are formed in the prill tower (or granulator) by the air 
used to cool down the molten urea.
Several sampling and pilot tests have been done in U.S. 
and Europe.
It has been found that loading varies between 75 mg/m3 and 
600 mg/m3 .

The size distribution of the particles depends on the pro
cess, the spray system and the temperature.
Nevertheless, different types of distributions can be recognised 
in two population one greater than 10 micron and one less than l

Greater than 10 yu 30 - 50 %
Smaller than 1 ju 50 - 30 %
In order to obtain a clear stack, the dust load must be reduced 
below 10 mg/Nm3.
To select the Brink system, we must know

- the mistload
- the particles size distribution
- the available pressure drop
- the allowed outlet load
- the objectives the customer has

set for his pollution abatement system.
Depending on these, we will propose one of the following systems

7.3 Brink systems
7.3.1. SC-HE SYSTEM

The basic system consists of irrigated glass fiber packed 
Spray Catcher (SC) element followed by irrigated glass fiber 
packed High Efficiency (HE) elements (see sketch 1 & 2). 
Characteristics of the SC-HE System.
- very high efficiency (>97.5%)
- mist free emission
- pressure drop 350 mm WC
- exit load less than 10 mg/Nm3
- recovery of 25% urea solution

(a) Irrigated SC elements
The BRINK SC elements are irrigated by sDray nozzles 
to humidify the gas stream and dissolve the urea.

micron
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The purpose of this section is to collect the particles 
that are larger than 3 microns. The spray liquor is 
recycled 25% urea. Process condensate is used as 
liquid make-up.

(b) Irrigated HE elements
The BRINK HE elements collect 97.5% of the particles 
smaller than 3 microns.
Hydraulic atomizing nozzles provide sufficient fresh 
water to complete the humidification and wet the ele
ment surfaces. The remaining urea is collected, dissolved 
and drained to the vessel sump.

7.3.2. MESHPAD BRINK HP SYSTEM
The basic lay-out of this system is an irrigated meshpad 
followed by irrigated glass fiber High Performance (HP)
type elements.

Characteristics.
- High efficiency : 70-80%
- Faint plume
- Pressure drop : 200-250 mm WC
- Exit load : less than 30 mg/Nm3
- Installed at the top or bottom of the tower
- Concentration of urea solution : 25%
- The system consists of irrigated meshpad to humidify

the gas stream and dissolve urea followed by glass fibre
packed HP elements (see sketches 3).

(a) The irrigated MESHPAD
The meshpad is irrigated by spray nozzles to cover the 
whole surface to humidify the gas stream and dissolve 
the urea.

(b) Irrigated HP elements
The BRINK HP elements collect nearly all of larger than 
3 microns particles and enough of the smaller than 3 mi
crons particles that the exit loading is in a range that 
produces an opacity less than 2 0%.
The liquid collected from the HP section is drained and 
recycled to the meshpad irrigation sprays. A bleed of 
urea solution (25%) is drained from the sump. Fresh water 
is added as needed.
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SELECTION OF REFERENCES IN AMMONIUM NITRATE AND UREA PRILLING TOWERS

~1
COMPANY

------ - -------- ------------------------------------------------------

LOCATION CAPACITY
ATLAS JOPLIN, MISSOURI - U.S.A. 400 TPD.
C.F.C.A. LAWRENCE, KANSAS - U.S.A. 1) Ó00 TPD
(Farmland Industries) 2) 1.000 TPD
C.F.I. TERRE HAUTE, ILLINOIS - U.S.A. 600 TPD
ILLINOIS NITROGEN MARSEILLES, ILLINOIS - U.S.A. 400 TPD
MONSANTO ELDORADO, ARKANSAS - U.S.A. 2 x 750 TPD

LULLING, LOUISIANA - U.S.A. 2 X 1.000 TPD
ST PAUL AMMONIA SOUTH ST PAUL, MINNESOTA - U.S.A. 500 TPD
S.A.I. SCOTLAND - UK 350 MTPD
I.C.I. BILLINGHAM - UK 1000 MTPD
AMERICAN CYNAMID HANNIBAL, MISSOURI - U.S.A. 600 MTPD
COLUMBIA NITROGEN AUGUSTA, GEORGIA - U.S.A. 800 MTPD
POLIMEX POLICE - POLAND 1200 MTPD
C.D.F. MAZINGARBE - FRANCE 900 MTPD

TYPICAL DATA FOR DIFFERENT BRINK SYSTEMS IN UREA APPLICATION

Inlet Mistload Type of Mist Collection Pressure
f —
Concen- Outlet

eliminator ef f iciency drop tration mist
of recy- load
cled urea

90-110 mg/Nm3 SC + 50 % 50-75
mmWC

25 % + 50 
mg/Nm3

90-110 mg/Nm3 meshpad/HP + 80 % 200-250
mmWC

25 % i 25mg/Nm3
90-110 mg/Nm3 SC-HE 97.5 % 350

mmWC
25 % 10

mg/Nm3
This_data_is_based_on_a_particle_size_distribution_of /
30% > 10 Microns 
50% < 1 Micron
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8 EMISSION CONTROL IN SULPHURIC ACID PROCESS8.1 Introduction
BRINK MIST ELIMINATORS are used extensively by all major con
structors in the control of mists in sulphuric acid plants.
When not installed as original equipment they may be added
later. The expected life of an element is more than 10 years. 
BRINK MIST ELIMINATORS can be found in the following locations
on an acid plant:
1. Mist from wet gas before the drying tower.
2. Mist from the exit gases of the:

- interpass tower
- drying tower
- cross - flow stripping tower
- final absorbing tower
- oleum tower

3. In addition, mist eliminators are used to control oleum 
mist from storage tanks and tanker loading bays.

As the type of mist varies depending on the application, the 
type of equipment installed is carefully chosen to provide 
the best solution.

8 .2 Drying and stripping tower
The type of mist encountered in wee gases entering the drying 
tower, the gases leaving the drying tower and the gases 
leaving the cross flow stripping tower are all relatively large, 
generally in the 1-5 micron range.
For this reason, we normally install SC (Spray Catcher) elements 
or HP (High Performance) elements depending on the pressure drop 
available which combine good efficiency (both 100% on particles
greater than 3 microns) with acceptable pressure drop.

8 .3 Interpass Absorption Tower
This tower is installed part way through the catalytic conver
sion process and produces fine mists of submicron size due to 
vapour phase reaction of sulphur trioxide with water vapour 
and shock condensation. It is essential that these mists are 
removed if corrosion of down-stream heat exchangers and damage 
to the catalyst mass is to be avoided.
Because of the need to remove these fine submicron mists 
Amafilter recommends the installation of HE, High Efficiency 
Mist Eliminators with 97.5% efficiency on particles less than
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3 microns. The HE mist eliminator is not dependent on gas flow 
rate which means that full protection is obtained even at low 
production rates.
If oleum is produced before the interpass tower the amount 
of mist produced is even greater and smaller in size. In this 
case we would offer mist eliminators with 9 9 .0 % efficiency.

8 .4 Final Absorption Tower
In the previous applications we have discussed, the mist elimi
nators have been installed to protect equipment from corrosion 
and to stop costly damage of the catalyst masses.
In the final absorption tower the mist eliminators are in
stalled for pollution control.
For this reason, acid plants are fitted with HP, HV and HE ele
ments depending on the degree of pollution control required. 
Most popular is now the HP high performance element. This pro
vides excellent and economic collection efficiency on particles 
greater than 3 microns with good efficiency below 3 microns. 
When oleum is produced before the final tower, HE mist eliminat 
are fitted either to the oleum tower or the final absorption 
tower as the proportion of submicron mists is much higher.

9 EMISSION CONTROL AND CATALYST RECOVERY IN 
NITRIC ACID PLANTS

9.1 Platinum recovery
In the conventional "DuPont" type nitric acid process, the 
conversation of ammonia to nitrogen oxides is usually in the 
range of 95% to 97% with new platinum gauzes. When the ammo
nia and air streams are not sufficiently cleaned, i.e., when 
unfiltered, the gauzes are fouled and/or poisoned rather ra
pidly and the conversion not only decreases two or three 
percent within a few weeks, but it continues to decrease 
at this or a more accelerated rate to a level at which conti
nued operation is uneconomical. As a result of this rapidly 
decreased conversion and the corresponding increased operating 
costs, many nitric acid plant operators change their platinum 
gauzes frequently. Brink mist eliminators may be used on both 
air and ammonia gas streams.
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Sr ink platinum recovery filters In nitr-in acid plants

The Brijik Platinum Recovery Filter is the leading product 
on the market for collecting platinum dust :,hurnt-off" 
the catalyst gauze in nitric acid plants. It has a firm stable 
bed which does not collapse and or through. Depending on 
the user's requirements and practices, the Brink Platinum 
Filter can be kept in operation for several months before 
changing out and replacing with a spare unit. The range is 
about four to nine months, with most units lasting at least six months. 
The change-out time is a matter of economics depending on 
maximum allowable pressure drop, overall recovery efficiency 
and cost of carrying platinum in process. The efficiency ac
tually improves as time goes on and the pressure drop builds up.
Our filters start with a clean bed drop in the range of
1/2 to 1 psi and are allowed to build up to a pressure drop
of 2 to 3 psi. Running to pressure drops as high as 4 to 5 psi
leads to the danger of rupturing the bed. It is recommended
that an accurate differential pressure indicator be used across the bed.

We expect 55-60% overall recovery.
’Losses" from the gauze other than "burn-off", from the fill, 
cannot be collected since these "losses" never reach the fil
ter. Losses can occur due to handling the gauzes in and out 
of the reactor, pickling the partially spent gauze, packaging 
the spent gauze for return to the processor, handling and ac
counting at the processors' plant.
If the platinum is cleaned out of the filter housing oach 
time, it should be added to the platinum collected in the 
fiber bed for accounting purposes, since the "filter system" 
did stop and collect the catalyst particles. We have found 
that in some cases the catalyst cleaned out of the housing 
was not credited to the filter, but was credited to the 
gauze to reduce the gauze loss. This arbitrary accounting 
procedure does not credit the filter with the complete job 
that it does and results in lower calculated efficiencies.
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We would expect the filter system to collect as much as 90% 
or more, depending on parcicie sizes, length of rime in ope
ration, etc., of all the catalvst dust reaching it. If accounting 
does not seem to show a 55-60% overall recovery, a visual check 
may be made on the filter performance. When removing the filter 
for recovery of platinum, observe the inside or core side of 
the bed. It should be virtually white indicating essentially 
no visible catalyst particles have penetrated through. Our 
experience has shown that the outside will be black with cata
lyst with a gradual transition through snades of grey to vir
tually white in the first 25 to 30 mm of the bed.

Any platinum filter user with a little care and effort cannot 
only establish that the filter is doing an excellent job of 
recovering catalyst, but can also increase his overall re
covery of catalyst.

In the design of platinum filters utilizing our glass fibers, 
we usually assume that the process gas will consist of reason
ably completely reacted (90% or higher conversion) ammonia and 
air from a properly operated converter. We also assume that the 
filter will be started-up with cold (less than 150°C) gases 
passing through the filter media. If the process contains a 
high pressure boiler, ahead of the filter, or other features 
which permit "hot" start-ups, our design incorporates special 
ceramic fibers (instead of glass) with a melting point of over 
1600°C.

The special ceramic fibers are more expensive than our glass 
fibers, therefore, we utilize them only when required in 
these special cases.

9.2 Absorption tower
Brink Nitric Acid Mist Eliminator

A cylindrical H-V (high velocity) design Brink Mist Eliminator, 
fabricated of stainless steel and special glass fibre packing, 
is used to collect nitric acid mist and spray carried over in
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the gas stream from the absorption tower. These elements are 
normally installed following the absorption tower in a sepa
rate carbon steel tank lined with stainless steel.

In operation, the mist laden gases entering the Brink tank 
below the tube sheet pass upward through the cores of the 
Brink elements and through the packed fibre bed. The acid 
particles are removed from the gas stream by coalescing on 
the fibres and the clean gas passes out the through the top 
of the tank (See Fig. 6 ).

A film of agglomerated acid droplets is formed on the down
stream face of the fibre bed. This liquid film continuously 
drains downward onto the tube sheet and out of the tank through
a side drain back to the process. Another drain is provided
in the bottom of the tank to remove the accumulation of large
acid drops that fall out by gravity and do not reach the
elements.

While particle size distribution of the entrainment is not known 
with certainty, the cylindrical H-V system has given excellent 
results (overall efficiencies of over 99%) in this service. 
Corrosion to the downstream piping, heat exchange equipment 
and expansion turbine is greatly reduced at a minimum cost.

The Brink Mist Eliminator requires virtually no maintenance. 
The elements are self-draining and small amounts of solids 
will normally be flushed through the bed with the collected 
acid.
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REGULATIONS

Background

Qatar Fertiliser Company operate two 900't/d- Adanonia plants and two 1000 t/d 
Urea Plants. Related facilitieo include desalination plants, ammonia and urea 
storage, and a power station.

The present Qafco plant was built in two stages. The first Aaraonia plant and an 
MTC Urea plant were designed in the late sixtees and came an stream in the early 
seventies. At that time there '--ere no regulations governing emissions to the 
environment in Qatar. Consequently no facilities were installed to treat unwanted 
effluent streams from the plant .

In the middle of the seventies the Qafco plant was expanded. There had been no 
change in the pollution regulations in Qatar since the first plants were built 
so the new Ammonia plant was a copy of the old one. A Stamicarbon Urea plant was 
built this time however, but reduction of emissions was not the reason for the 
change of process.

The new plants came on stream in 1979. Today in 1981 the situation is the same. 
There are no regulations governing emissions in Qatar and Qafco have made no 
systematic effort to map the emission sources or quantify them.

The only work that has been done in the field was commissioned by IDTC - The 
Industrial Development Technical Centre in Doha in 78. A consultancy firm in the 
UK -Atkins Research & Development investigated the pollution situation in the 
Industrial Area of Umm Said and summarized their findings in a report which they 
presented to the IDTC. The following summary of emissions from Qafco is based on 
that report. (1)

By : Keith Duns - Chief Process Engineer.
Mohammed Al—Bakir — Senior Process Engineer. 
Qatar Fertilizer Company (S.A.Q.)
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D i s c h a r g e  from Qal'co

The principal pollutants were found to be sulphur dioxide from the gas turbines, 
boilers, heaters and the de-sulphurisation flare stack, anmonia iron: process vent 
stacks and relief valves, and urea dust from the prill tower and drying systems.

N a tu ra l gas i s  p a r t l y  used as a fe e d s to c k  fo r  th e  p rocess and p a r t l y  as a f u e l  f o r  
gas tu r b in e s ,  b o i le r s  and h e a te r s .  Gas used as fe e d s to c k  i s  f i r s t  d e -s u lp h u r is e d  
an.: the  se p a ra ted  gases se n t to  f l a r e .  T h is  r e s u l t s  in  an e m is s io n  o f s u lp h u r 
d io x id e  to  a tm osphere c o n t in u o u s ly .  The fu e l  gas c om b ustion  p ro d u c ts  add to  th e  
le v e l  o f  s u lp h u r d io x id e  c o n t in u o u s ly  e m it te d  from  th e  p la n t .

Vr.der norm al o p e ra tin g  c o n d it io n s  th e  o n ly  s ig n i f ic a n t  so u rc e s  o f  ammonia e m is s io n s  
to  atm osphere w i l l  be from  th e  urea p la n t  v e n ts  and th e  u rea  p r i l l  to w e r , w here , 
a lthough, th e  c o n re r . t ra t  io r. o f  ammonia is  v e ry  lo w , th e  le v e l  is  s ig n i f ic a n t  
because o f  th e  la rg e  volum e o f  gas ^roro the  to w e r.

O ther s ig n i f ic a n t  so u rc e s  o f  p o l lu t io n  emanate from, th e  u rea  p r i l l i n g  cower an. 
package d ry e rs .  W ind -b low n  u re a  d u s t w i l l  a ls o  r e s u l t  fro m  h a n d lin g  o p e ra t io n s  
in c lu d in g  b u lk  e x p o r t o f  u re a .

Under no rm a l s h u t down c o n d it io n s ,  and in  emergency s i t u a t io n s  v e n t in g  to  a tm os
phere w i l l  o c c u r.

There  w i l l  a ls o  be c o n t in u o u s  lo w - le v e l  e m is s io n s  o f a number o f  o th e r  gasco :s 
p o l lu t a n ts  in c lu d in g  n it r o g e n  o x id e s , carbon m onoxide , and h yd ro ca rb o ns  b u t ,  
t h e i r  c o n c e n tra t io n s  w i l l  be v e ry  lo w .

The P re se n t S i t u a t io n

d uring  th e  week o f 2< Septem ber to  2 O ctober 19R1 Qafco produced 12000 to n s  
immonia and 10000 to n s  o f U rea. C onsum ption o f  a s s o c ia te d  gas was 730 m i l l i o n  SC r. 

The s u lp h u r c o n ta in e d  in  t i n s  gas d u r in g  the  p e r io d  in  q u e s t io n  was o f  th e  o rd e r  o f  
2-sO to n s , most o f  w h ich  w ou ld  be e m it te d  tc  a tm osphere  fro m  tn e  d e s u lp h u r iz a t io n  
v e n ts ,  and th e  b o i le r  f, tu r b in e  e x h a u s t s ta c k s .

The F u tu re

The a s s o c ia te d  gas a v a i l a b i l i t y  fro m  o n -s h o re  o i l  has dropped d u r in g  the  la s t  
year so that- in s ’. i f  f  ic  i a n t is  - ¡v a r ia b le  to  o p e ra te  b o th  ammonia p la n ts  a t f i l l  lo a d .
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Off shore associated gas containing a higher sulphur content is available and 
Qafco plan to use 20 million SCF per day of this from the spring of 1982 which 
could increase up to about 80 million SCF in 18 - 24 months time. The use of 
off shore gas will mean that sulphur emission from Qafco will increase by up 
to 50 %

From the point of view of pollution control 'l regulations IDTC have established 
a laboratory in the Utnm Said area and will began to monitor emissions from the 
industrial sites Boon. It iB therefore probable that regulations on emissions 
will come to Qatar within the coming years.

Reference

l) The Impact of Atmosphere Pollutants upon Flour Mill Production at 
the Qatar Flour Mills Company.
- Alkins Research & Development- Report to IDTC January 1978.
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1 2 -  P O LLU T IO N  A BA TEM EN T A T  PIC D U R IN G  TH E  LA ST DECADE
it

The modern definition of pollution has become so brood that it includes every 

element which harms the human life , his well-being, or the environment in which he 

lives. It covers noise pollution, atmospheric pollution, water pollution, Solid wastes 

pollution, nuclear & thermal pollution. Some sociologists even go further to con

sider any act or behaviour which is not accepted by majority of a community as a pol

lutant.

PIC has crossed a long way in pollution abtement during the last decade.

Mony antipoliution measures are marked on the top prio rity  lis t. PIC contains 

a huge fe rt ilize r complex which produces around 2100 Tons of Ammonia /  Day, 2000 

Tons of l>eo /  Day, in addition to sulphuric acid and Ammonia sulphate plants.

It contains a water treatment unit and ammonia storage fa c ilitie s . It is located in 

the heavily industrialized Shuaiba area. The main electric pcxver and water genera

tion plants of K L W A IT  are on the next door of our plants. These Electric paver 

generation plants are very sensitive to atmospheric pollution mainly urea dust and Amm. 

We cannot afford to let our plants be the cause of interruption of Electric supply to the 

country. Many stringent antipollution measures have been taken by PIC . Several 

Projects were successfully executed to reduce the pollution and to improve the 

production capacity of the plants or save the Raw materials and chem’cals used in the 

plant.

I. N O ISE  P O L L U T IO N :

l . l .  PIC Plants were constructed w ith inadequate number of noise silencers.

None of the vents of the four high press steam boilers had a Silencer.

The vents were very short. Steam used to be vented at a pressure of NO

kg/cm^ and 510 C at a tremendous noise level. S im ila rly , the other

MPS ( Medium pressure steam )and LPS ( Lav pressure Steam ) boilers

have no silencers. Proper silencers have been fixed during the last two

years. Other silencers were installed on the synthesis gas vents of Amm.

plants front end.

By : Fahed F. Sehweil.Petrochemical Industries Company (PIC).
Kuwait.
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1.2. In order to save energy and reduce the noise pollution, the process feed 
6 3

Natural Gas (6  X 10 N M  /  Y r ) which used to be wasted as a vent is 

now being recycled to the suction of process Natural gas compressor.

2 . A TM O SPH ERIC  P O LLU T IO N :

Each of the numerous vents in the fe rtilize rs  industry is a potential source 

of serious pollution and enviromental nuisance. This following were 

among the executed projects.

2 .1 .  The project of Ammonia recovery from the purge gas was successfully 

executed. It minimized Ammonia pollution to the atmosphere and 

saved about 4000 Tons of Ammonia /Y e a r. Reuse of the remaining 

purge gas as a fuel and /  or recovery of its Hydrogen is being studied 

as one of the top priority projects.

2 .2 .  The urea dust in the a ir of cyclone separators was minimized to give an

almost clean a ir by executing a dedusting water scrubber. The urea
3

dust in the effluent of fans of p rillin g  tower is about 80 mg/M .
3

However, we aim at reducing it  further to less than 6 mg/m by 

implementing mist eliminators or other sim ilar devices.

2 . 3 .  Flares were installed on the knock out condensates, which are associated 

with combustible gases, and on the stripped Hydrogen sulphide from N . G .

2 . 4 .  The above mentioned vented N . G .  circulation through the compressor has 

minimized N . G .  pollution.

2 .5 .  Stacks of sulphuric acid plant were elevated, thus decreasing the inten

sity of pollution but, of course, not the amount of pollution.

3 . W A TER P O LLU T IO N :

3 . 1. Urea Hydrolyzer project brought down the urea & Ammonia contents in 

the waste effluent of urea plants to less than 200 PPM and 50 PPM  

respectively. Thus, it  allowed water to be safely pumped to irrigate 

the forestry which we have at a distance of about 16 kms from our plant. 

Again, this water is being thought of to be treated or further use as
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boiler feed water. This project has also helped in saving 16 Tons of 

urea /  day and in saving energy by using much less direct steam for 

desorption system.

3 .2 .  A new pretreatment system of the process condensate of ammonia plants 

wil l  replace the existing system. The new system wi l l  result in less 

ammonia content in the process condensate & hence reduce the regenera

tion water & regeneration chemicals. S lightly , more ammonia w i l l  be 

vented to atmosphere but the stack wi l l  be higher. Again, there wi l l

be a net economical saving in the cost of treated boiler feed water.

3 .3 .  Oi l  pollution was minimized through dirty oil recovery project, 

degassification project of seal o il and fina lly  installing oil skimmers 

on the closed sewer of o il contaminated water. It is to be noted 

that PIC is using a lot of oil fo r the many centrifugal Compressors 

which are driven by steam turbines. The speed of these Compressors 

range from 8500-14000 r .p .m .  oil is used as lube oi l ,  and control 

oil.

3 .4 .  Chemicals such as potassium carbonate and M EA ,  which used to leak, 

from packing of pumps and drains of sight glasses etc, and then go to 

the r^a through sewers are now being recovered into pits and reused. 

Thus reducing pollution and saving chemicals cost.

4 . W ell prepared preventive maintenance specially during turn-a-rounds of the 

plant wi l l  help in reducing the abnormal ititie s of equipments which lead to 

excessive pollution.

5. I would like to stress on the fact that the intensity of pollution depends on the 

stab ility  of plant operation. Therefore, the maximum pollution rate is usually 

experienced during the startups and shut davns of the plants. Thus, increasing 

the O N -STREA M  FACTO R w i l l  certainly reduce the pollution.
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A. FVoper training of plant operators and giving more attention to the wrong

practices of plant operation would help in minimizing the pollution.

For example, we used to open the seal water of Benfield solution pumps at

a pressure much higher than what i t  should be. This resulted in frequent

fa ilure of the pumps and its packing a n i  thus increasing the pollution.

Another practice was opening the vent of N . G .  machine to avoid the surge

of the machine during abrupt changes of sp.gravity . These vents used to

remain open unnecessarily most of the time resulting in loss of 6 mil l ion
3

N M  / Y r  as a pollutant & energy loss.

7 . C O N C LU S IO N :

Pollution is rarely due to lack of available Technology. It is mostly due 

to  less attention paid to pollution while planning & designing a new plant. 

PIC has a growing concern fo r enviromental preservation. We have 

a committee for pollution abatement. The whole heavily industrialized  

area of Shuaiba is under the control of shuaiba area authority ( S. A . A . ) 

v/ho traces a ll sources of pollution from any nearby industry. S. A . A . 

sends the respective warning and askes for an immediate corrective measure 

to minimize the pollution.

PIC has so far executed several projecrs fo r pollution abatement. Many of 

these project had a comparatively very low investment. They resulted in 

economical saving of the product in addition to the tremendous reduction of 

pollutants. The pay back time of several projects was less than two years. 

However, many other pollution abatement projects are on the top priority  

list of PIC plants.

F in a lly , let us remember that we can only command nature by obeying 

her only.
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Discussions:

Sameh Gharaiba, Environment Authority, Jordan:
What about recovery of purge gas at SAFCO?
Abul Huda, SAFCO, Saudi-Arabia:
The purge gas recovery at SAFCO is now under study and is going 
to be executed shortly. Most of the purge gas is burnt in the 
primary reformer as a source of fuel and the losses of ammonia 
in purge gas is about 2-3 tonnes per day.
Jalil Zaynal, Bahrain:
Is the discharge outlet located away from the shore in the deeper 
water or is it directly discharged near the plant in the shallow 
water?
Abul Huda , SAFCO, Saudi-Arabia:
It is a good practice in many cases to have the discharge away 
from the shore in the deeper water for washing away the pollu
tants. The discharge from SAFCO fertilizer complex i3 carried 
out in a big pipe to the sea but not in the deeper waters. There 
is a programme at SAFCO to extend the pipe of discharge.
Mustafa Badr El-Din, PICO, Kuwait:
It appears that liquid effluents at SAFCO are not treated which 
means large losses of both ammonia and water. As technology 
now exists to recover ammonia and recycle water at low cost, do 
you plan to implement a pollution control project in that field?
Abul Huda, SAFCO, Saudi-Arabia:
We have noticed , in particular, 50 mg of ammonia/litre in the 
water discharged to the sea is higher than limits in many coun
tries. Furthermore , the water facilities which, we have at 
SAFCO are quite sufficient for both steam and water production.
We have multi flash evaporators "two units" and six boilers. 
Recovery of water of course at present time is not necessarily 
as SAFCO is concerned. Regarding the 50 mg/litre, this actually 
is the upper limit, we have much less than that at SAFCO.
It is not economical to recover the ammonia at present time. The 
only treatment we have for treating effluents at present time 
is internal treatment for blown down from cooling tower to re
duce chromate level from 20 to 3 ppm. The suspended solids are 
within acceptable level while pH is in the normal range and all 
other parameters are in lines.



Q: Dr. Pachaiyapan, FAI, India:
In the phosphogypsum disposal, have you considered the UNIDO 
report sufc—iitred by Mr. Schmidt to the Syrian Government around 
1978 for cement-sulphuric acid production? If not, what are the 
difficulties you encountered in using your phosphogypsum? Did 
you carry any laboratory scale investigations on phosphogypsum? 
You may attempt the method developed by Madras Fertilizer Ltd. 
using flue gas. We are ready to supply more details.

A: Seif El-Din Atfeh, Ministry of Industry, Syria:
Mr. Schmidt suggested to the Syrian Government to transport 
the phosphogypsum by rail about 40 km to the east of the site , 
but we noticed that any transport by rail or truck is not viable, 
then the technical committee decided to apply the phosphogypsum 
slurry pumping because it was almost 50% less in cost than any 
other method.
The second point about Mr. Schmidt report was that he indicated 
that there is a connection between the water accumulating in cer
tain depressions near by the proposed site for phosphogypsum and 
the lake itself. I did not agree at all with this opinion. Per - 
haps Mr. Schmidt was not able within a very short time to examine 
the geological and hydrogeological situation in the area .because 
of the impermeable structure of the surface bed, there is no 
connection between surface water accumulated in depressions and 
the lake which is about 12 m lower than the level of phospho - 
gypsum site. From this point of view there is no fears at all 
from underground pollution.
Regarding air pollution indicated by Mr. Schmidt, we believe 
that there will be no air pollution, because phosphogypsum is 
transported as slurry.
Regarding utilization of phosphogypsum to produce either cement- 
sulphuric acid or others. This point was discussed by the tech
nical committee where they noticed that to wash phosphogypsum 
they will need 4-5 cubic meter of water per ton of phosphogyp
sum, so if you consider full capacity, you will need 1.2 million 
cubic meter of water, and then you need drying. Since water is 
scarce in Syria, and natural gypsum geographically distributed 
in very convenient places of the country, therefore we think 
that there is no necessity to use phosphogypsum as additives in 
cement production. The production of ammonium sulphate, however 
we have surplus ammonia in Syria, but water balance is not 
helpful. Regarding the recovery of Sulphur from phosphogypsum,
The present price of Sulphur "160 $ / ton" and expected increase 
may encourage to investigate this process. We would be grate
ful if Dr. Pachaiyapan could supply us by any information about 
this process.
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Q: Mustafa Badr El-Din, PICO, Kuwait:
Does the ammonia/' urea plant include liquid effluents treatment 
system? or do you entirely depend on the biological treatment 
system for all effluents?

A: Seif El-Din Atfeh, Ministry of Industry, Syria:
The nroposal waste water treatment system includes a biological 
section to remove the oxidizable carbonaceous contaminants,and 
at the same time hydrolize the urea into ammonia and CO^. Ammo
nia and nitrates are subsequently removed by means of selective 
cation and anion exchanger in which resins are protected against 
eventual solids build up by sand high pressure filter.

Q : Dr. Ali Shycukh, Arab Potash Company, Jordan:
What is the silica content of water feed to the reverse osmosis 
unit?

A: Ma'an Rashad, State Enterprise for Fertilizers, Iraq:
Actually this question is specific especially in the Middle East 
and , before I answer this question I would like to introduce 
something about silica content in the region. Most of our Middle 
East area, the water contains high silica. In my country the 
silica content seasonaly of low change but the highest, the peak 
point is around 10-15 ppm, and as to treat such water by reverse 
osmosis, this figure has a relation with the recovery rate by 
the reverse osmosis unit itself. In Saudi-Arabiaie.g.) nowadays 
for the area of International Airport, they use water from the 
well containing around 22ppm of silica and they want recovery 
rate of more than 85%.I was in Japan and discussed this thing 
there, but contractor can not exceed the recovery rate at this 
figure, 22ppm,because there is a connection between silica 
content in the feed water and the recovery rate of the whole 
osmosis unit .
So in the design specifications we can not reach more than 140ppm 
of silica in the brine water"140ppm of silica is the maximum" . 
Silica content in the feed water also has a relation with tempe
rature, so in the Middle East, we have another problem for reverse 
osmosis process. Of Courge, thereQis a new membrane to deal with 
temperature more than 30 C "30-35 C" .In Iraq we are at the safe 
side, because our recovery rate is calculated according to the 
total hardness and not to the silica content which reach 15ppm 
while the total hardness is 800ppm which was taken as design 
figure. It means that we can operate our plant with 85% recovery 
rate with no problems in the brine solution. *

* Several questions were raised on the paper of Mr. P. Goossens 
from Amafilter, Holland. The following are the questions and 
their answers:
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O: Where do you find limitation in the installation of your brink
mist eliminators in existing plants?

A: There will always be some limitation in installing our brink
mist eliminator, hereby we think at space, energy loss, effi
ciency cost but there also are a lot of other factors ( cata
lyst, less corrosion, less efficient and less power consuming 
installation) which can easily solve the above limitation 
factors.

Q: at is the necessary pressure drop in the brink mist elimi
nators to reach the high efficiency quoted in your paper?

A: We do not need a pressure drop in our brink mist eliminators
in order to achieve the high efficiency. Different factors 
affect the pressure drop noted in our system:
- Internal factors:

- Fiber - size: diameter/ length
- material : glass, teflon, polypropylene,

ceramic
- Packing - thickness

- density
- design

- External factors:
- Gas - flow, velocity

- properties of the gas :
- Mist - properties of the mist :

- mist loading
- particle size of mist

Q: Would you also install the "shroud system" on prill towers in
new projects? If so is your anti-pollution installation a 
real environmental protection or is it an optical surgery?

A: Yes, the shroud system was installed on newly build prill towers
as in our references at:
- ICI (Imperial Chemical Industries- Billingham)
- SAI (Scottish Agricultural Industries- Edinburgh)
- CDF (Chemie de France)
As for the second question:
No, our anti-pollution installation is not an optical surgery 
but is only a real effective environmental protection system.
The limit of 10mg/Nm3 and 20 percent capacity which we indi
cated is a standard limit set by the EPA in the USA ( Enviro
nmental Protection Agency) and accepted by European Antipcllu- 
tion authorities for new plants.

Q: What are the advantages of BME over Venturi scrubber and ESP
Which are less common equipment for removal of mist from a 
sulphuric acid plant.

- viscosity
- velocity
- liquid tension 

surface
- liquid viscosity
- liquid density
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A: Having in mind absorption towers, nowadays 90 percent of these
towers are equipped with mist eliminators and only 10 percent 
with Venturi scrubbers, when almost no electrostatic precipi- 
tator(ESP) was installed in the last ten years- The advantage 
of the mist eliminator versus tne Venturi lays in easy handling, 
maintenance, easy installation, reliability, high efficiency, 
lo.. pressure drop and long life ( more than 10 years).

Q: Advice what the proper situation is to allocate the Brink Mist
eliminators in sulphuric acid plants( single or double absorp
tion process) or to use the scrubbing ammonia technique to 
control pollution.

A: The difference between the two systems depends on the final goal
which should be achieved regarding S0_,SO,, H_, SO^ emissions. While the mist eliminators would reduce ^SO^and Soumissions, 
the scrubbing ammonia system would reduce the SO. emissions.
But mist eliminators would be used in the last case to reduce 
the emission from the scrubbing tower in the ammonia scrubbing 
system.

Q: Does Brink mist eliminators remove acid vapours?
A: Yes, Brink mist eliminators remove acid vapours but note that

in this case the fiber bed would be sprayed by a recerculating 
solution.
Examples for SO^, HCl, oleum are already designed with success.

Q: What is the period after which the BME should be maintained and
cleaned in a well operated sulphuric acid plant equiped with such 
equipment.

A: The answer is relatively simple. Once the BME are installed no
further maintenance is required.

Q : M. Murad, State Enterprise for Phosphates. Iraq.
Have you measured the ground level concentration of the pollutants 
(SO., NO ...etc.) before and after your improvements achieved by 
reducing the total quantity of pollutants as shown by you? and 
what was the result if any?

A: K.Duns, QAFCO, Qatar:
I think these measurements have been done and I will try to 
obtain the results.

Q: M. Ezzat, AFCFP, Kuwait:
Could you give us some information regarding the liquid effluent 
at QAFCO and what is the effect of gaseous pollutants on the 
neighbouring area?
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A: K. Duns, QAFCO, Qatar:
QAFCO uses sea water for cooling . The condensates from urea 
and ammonia plants are recycled and used again in the complex. 
There is small amount of liquid effluent, e.g. blow down arid 
ion exchange regeneration effluent which are dumped into the 
outlet sea water. The effluent to the Gulf is monitored. There 
is no evidence that pollutants from QAFCO are troubling the 
extended area 11 km away from the plant.

Q: Abul Huda, SAFCO, Saudi-Arabia:
The flaring of acid gases from the sulphur removal unit will 
create a serious po]lution hazard. Do QAFCO intend to utilize 

to produce sulphur?
A: K. DUns, QAFCO, Qatar:

QAFCO is considering at present time building a third sweetening 
plant to treat off-shore associated gas. Sulphur recovery has 
been discussed in connection with this as phase two of the 
project.

Q: Regarding ammonia recovery from purge gas at PIC, to what limit
ammonia is reduced? Are you thinking of recovering hydrogen 
from purge gas?

A: Fahed Fahnu, PIC, Kuwait:
Ammonia concentration in purge gas is brought down from 3-6% to
0.2-0.4%. The recovery of hydrogen from purge gas is under our 
top priority study. We may use it also as a direct fuel gas. 
Hydrogen recovery can be done through selective absorption system 
(molecular sieve) which we are trying to find out whether it is 
economically justifiable.

Q: M. Ezzat, AFCFP, Kuwait:
Could you tell us about the condensate treatment at PIC?

A: Fahed Fahim, PIC, Kuwait:
All process condensates from ammonia plants are treated and uti
lized as boiler feed water,while process condensates and other 
waste water of urea plants are being treated in hydraulizer. All 
effluents from hydraulizer are pumped 16 km away from the plant 
to be used for irrigation.
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THIRD DAY: Tuesday , November 17th.

Chairman : Dr. Mohamad Seif El-Din Atfch,
Ministry of Industry, Syria. 

Rapporteur: M. Ezzat, AFCFP, Kuwait.

Morning Session:

13- Fluorine Recovery in the Phosphate Fertilizer Industry.
14- Pollution Aspects in Pan Granulation of Straight Nitrogen 

Fertilizers.
15- The Wet Gas Sulphuric Acid Process for Treatment of Lean

Gases and Other Sulphurous Off-Gases.
16- Anti-Pollution Performances in Sulphuric Acid Plants.
17- Possibilities of Improving the Conversion Efficiency 

in Existing Sulphuric Acid Plants Designed as Double 
Catalysis and Based on Sulphur Combustion.

Discussions:

Afternoon Session:
Recommendations
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in the Phosphate Fertilizer Industry

Abstract
This paper presents important facts and parameters to be 
considered when planning a fluorine recovery unit for 
the phosphate fertilizer industry.

Typical processes and their technical parameters will
be highlighted, the use of fluosilicic acid will be
discussed and some information on the economic aspect of
such units will be provided.Introduction

In the past, little attention was paid to the emission 
of gasous fluorine compounds in the fertilizer industry.
Today fluorine recovery is absolutely necessarc because 
of strict environmental regulations which demand drastic 
reductions in the quantities of volatile and toxic fluorine 
compounds emitted with the waste gas. These compounds have 
now to be recovered and to be converted into either harm
less by-products for disposal or - more desirable into 
marketable products.

Most phosphate rocks mined today, contain an average of 
3 - 4 % fluorine as an undesirable impurity. When they are 
processed to phosphoric acid (see figures 1, 2) fluorine 
compounds (SiF^ and HF) are relased at various process stages. 
During the production of phosphoric acid from rock phosphate 
and sulphuric acid the calcium fluoride present in the rock 
is converted, by reaction with the silica into fluosilicic 
acid (see equations of figure 3).

There are 3 main areas in a phosphoric acid plant where 
fluorine has to be recovered:

Reaction, filtration and evaporation.

By : Reinhard Anders. 
Lurgi.
Chemie / Germany.
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Approx. 20 .20 % of the fluorine which enters the phosphoric
acid plant in the rock phosphate remains in the product 
phosphoric acid (54 % P2®5'^‘ ^  t‘"ie rema:i-nder about 5 - 10 1 
is evolved from the reactor, approx. 30 i leaves the pro
cess with the gypsum and approx. 40 % is evolved from the 
concentrators (see figure 4 ).
Reactors and filters are usually exhausted to maintain a
slight vacuum in order to prevent fumes from escaping into
the environment. These fumes in addition to SiF^ and HF
contain droplets of acid, slurry, occasionally entrained
foam and in the case of the reactor some phosphate dust. The
corresponding gas cleaning is executed at ambient pressure.
In the acid concentration section or in the evaporation
cooler, the vapours contain mainly SiF^ and HF, but may
also carry - depending on operating condition - droplets of
acid and slurry and/or some foam. As these vapours have to
be cleaned before reaching the condenser, scrubbing is dene
under vaccum.

C. Fluorine Recovery (Typical processes;
1. Fluorine recovery at atmospheric pressure (as used in 

single and triple superphosphate plants and in weak 
phosphoric acid production). - Process I.
The cases from the above mentioned plants containing 
fluorine mainly in the form of silicon tetrafluoride 
(SiF^) are extracted from the reaction vessel and fed to 
a venturi scrubber in which the silicon tetrafluoride is 
absorbed, forming, fluosilicic acid (H2SiFg) and silica 
( SiC>2 ) (Fig. 5). The scrubbing liquid is diluted fluo
silicic acid. To increase the scrubbing efficiency 
(up to 99 %) two or more venturi units are arranged in 
series. Dust can be eliminated first, if necessary, in 
a special scrubber. Precipitated silica will be removed
from the product by filtration. The concentration of 
the formed fluosilicic acid, depending on its use,is
maintained between 18 and 25 %. The higher the concen
tration of the acid, the lower is the washing efficiency 
of a single stage scrubbing unit.
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The P2O,- content of the fluosilicic acid auounts to 
approx. 100 ppm (18 % I^SiF^}. The maximum throughput
o f a single stream plant is approx. 50,000 Nm3/h.

2. Fluorine recovery under vacuum used in the concentra
tion of phosphoric acid from 30 - 50 % P2°5 an^ in 
evaporative cooling during phosphoric acid production 
The superheated vapours from the flash vessel of the 
phosphoric acid concentration plant f:'~*st pass through 
a high-efficiency entrainment separator. This is essen
tial to reduce the £2^5 contamination of the vapours 
and is particularly important if the product fluosilicic 
acid is to meet a high purity standard. The collected 
mixture of dilute phosphoric and fluosilicic acid from 
the entrainment separator is sent back to the concen
tration unit and thus does not represent a loss of 
either fluorine or P2®5 ' Tae cleanec  ̂vapours are then 
fed to a fluorine scrubber, where silicon tetrafluoride 
and hydrogen fluoride are absorbed using circulating 
fluosilicic acid as scrubbing liquor. Fluosilicic acid 
(18 % - 25 %) is withdrawn continuously under density 
control and the corresponding amount of water is intro
duced into the system (Fig. 6 ). For economic reasons, 
it is desirable to achieve the required fluorine recovery 
with one scrubbing stage only.

The attainable fluorine recovery largely depends on the 
fluorine content of the incoming vapour as well as the 
concentration and the temperature of the fluosilicic 
acid produced. The ^2^5 content of the fluosilicic 
acid is mainly dependent on the P^O ^-.F ratio in the 
vapours from the flash vessel
and on the efficiency of the P^Of- seParator. Figure 7 
shows the fluorine recovery efficiency versus the 
fluorine content of the vapours for a single stage 
scrubbing unit at different concentrations of circulated 
fluosilicic acid.
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D. Marketable products

2 .

1 Fluosilicic acid
Today fluosilicic acid has only limited applications for 
direct use but it can be used as a raw material for the 
production of aluminium fluoride and cryolite (as des
cribed later). Its direct use is restricted (sterili
zing and impregnating agent in breweries and for wood 
protection and for fluoridation of drinking water) 
because of its low concentration and the relatively high 
amount of impurities, as shown below for a typical 
acid composition;

H2SiF6 18 - 25 %

P2°5 100 p.p.m.

Fe2°3 70 p.p.m.
so4 1,000 p.p.m.
Cl 1,000 p.p.m.

(AlF^) and cryolite (Na
Aluminium fluoride
Aluminium fluoride 
used to reduce the melting point of alumina in electroly
sis plants producing aluminium metal. Approx. 20 - 30 kg 
aluminium fluoride and about the same amount of cryolite 
are consumed per tonne of aluminium, depending on the 
specific process conditions. The P2°5 content °f these 
flux materials should be as low as possible in order 
to minimize losses of electrical energy.

The modern processes using fluosilicic acid are devided 
into the acid and the ammonia process. The acid process 
is described below as it is already commercially used 
since 196o.
For the AlF-j production aqueous f luoros ilicic acid is 
heated up to reaction temperature and fed together with 
the c >rresponding amount of aluminium hydroxide to the 
reactor, (see figure 8). Under careful control of 
temperature, pH-value and time of the exothermic reaction, 
silica is precipitated.
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After the reaction the slurry is fed to a centrifuge 
where the silica is separatet and the clear aluminium 
fluoride solution is discharged to one of the crystal
lizers (batch-operation). The by-product salica can be 
used as filler material in the plastic industry. After 
completion of the cristallization the slurry is fed to 
a belt filter where the solid aluminium fluoride tri
hydrate is separated and discharged into a drier/calciner.

The calcination is carried out under special conditions 
to minimize hydrolysation of the AlF^ (see figure 9).

The anhydrous aluminium fluoride is cooled and packed as 
final product. The liberated water vapour and the off
gases pass through a cyclone, a bag filter and a scrubber, 
before they are released to the atmosphere. The separa
ted product dust material is fed back to the calciner 
and to the cooler respectively.

The largest single stream plant on line has a capacity 
of 15,000 tpy AlF^. The lowest economically feasible 
plant capacity is 3,000 typ AlF-,.

3. Cryolite
There are no significant differences between the 
various processes for manufacturing cryolite.

In one of them fluosilicic acid is neutralized with 
aluminium hydroxide and soda ash forming aluminium 
fluoride solutions which after separation of the 
precipitated silica react to cryolite (see figure 10).

4. Hydrofluoric acid and fluorspar
A number of processes have been developed, but none 
has so far been used industrially.

E. Economic aspects

The investment cost of a 150,000 tpy phosphoric acid plant 
are increased by approx. 5 % when adding fluorine recovery 
units as described under processes I and II.
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The increase of the oroduction cost of the phosphoric acid 
pl-ant is negligible in case the fiuosilicic acid can be sold 
as by-product.

Examples of production cost calculations are shown in 
figures 11 and 12.

F. Conclusion

Due to the present pollution standards (fluorine containing 
gases of new phosphoric acid plants are limited to 
max. 5 mg F/Nm^ exit gas and those of existing phosphoric 
acid plants to max. 20 - 50 mg F/Nm^ exit gas) the installa
tion of a fluorine recovery unit becomes mandatory in most 
countries of the world.

For the production of phosphoric acid, fiuosilicic acid 
and aluminiumfluoride the following relation of the 
production figures can be provided (see diagram 13).
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Summery equations for Aluminium Fluoride

2 Al (OH ) + F^SiFg + 2 H2O — ►  2 AlF3 ■ 3H2O + S 1O2

Figure 9

Summery Equations for Cryolite

H2S iF6 + 2 A l (QH)3 — * - 2 A l F3 + Si02 + H20

^ S i F g  + 3Na 2C03 ----►  6N a F + S 1O2 + 3CÛ2 + H2O

2A l F3 + 6Na F ----- 2N a 3A l F^

Figure 10
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Dn Af\i I f—  T T All
I rM JLM JV * I l  \ J i l

ACID PLANT
/*• r\ e+T L, W O I r - r \ n  a Q finn t o v  (  1 DO

I U l \  n  J  f  U U U  I I  I \ A V . ' W  »v / PLUGS !L!CIC
(IF KpSlFg IS SOLD AS BY-PRODUCT)

1. Interest charges 
ON LOAN CAPITAL (10 %) approx. 60,000 DM

2. Depreciation (7 Ï) approx. 120,000 DM

3. Repair and maintenance (4 %) approx. ¿40,000 DM

u « ■ Utilities (power, water) approx. 200,000 DM

5. Insurance, fees approx. 30,000 DM

6. Labour -

7. Raw material -

Approx, ¿450,000 DM

Related to thf production cost for a 150,000 tpy phosphoric 
ACID PLANT (APPROX. 600 DM/t ), AN INCREASE OF 3 DM/T

(45DiQQQ iff ) IS CALCULATED (LESS THAN 1 %) .
150,000 tpy

Figure 11
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I n case the fluosilicic acid (9000 tpy) has to be
NEUTRALIZED/ THE FOLLOWING PRODUCTION COST CALCU
LATION CAN BE MADE

1 . Interest charges on
loan capital (10 %) approx, 80/000,- DM

2. Depreciation (7 %) APPROX. 150,000.- DM

3. Repair and Maintenance (4 l) APPROX. 60/000.- DM

Utilities APPROX. 230,000,- DM

5. Insurance, Fees APPROX. <10,000.- DM

6. Labour APPROX. 80,000,- DM

7, Raw material (lime) APPROX,1/000/000.- DM

APPROX,1/650/000,- DM

Related to the production cost for a 150-000 tpy phosphoric
ACID PLANT (APPROX. 600,- DM/t), AN INCREASE OF APPROX.
IL- DM/t ( ^5QaOQQ DM—  ) is calculated (less than 2 %) 

150/000 tpy

Figure 12
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14- POLLUTION ASPECTS IN PAN GRANULATION 
OF STRAIGHT NITROGEN FERTILIZERS BY 
THE NORSK HYDRO HIGH TEMPERATURE PAN 

GRANULATION (HTPG) PROCESS

SUMMARY

The Norsk Hydro High Temperature Pan Granulation (HTPG) 
process for ammonium nitrate, urea, calcium ammonium 
nitrate and calcium nitrate presents a number of 
advantages such as low investment and operating costs, 
high product quality and low air pollution compared to 
prilling and other granulation techniques.

In the HTPG process fertilizer melt is sprayed on a 
moving bed of granules in the incLined, rotating pan.
The pan has a classifying action, and the recycle ratio 
is low. The agglomeration process near the crystal
lization temperature gives a very rapid particle growth, 
resulting in small equipment requirements. One train of 
equipment in sufficient up to 800 mtpd capacity.

The process is very flexible to changes in product size 
specifications. 2 - 4 mm products and products larger 
than 10 mm may be produced in the same plant only by 
small changes. The crushing strength of the product 
granules is normally 2 - 3  times higher than with 
prilling, and dust formation is low both in the pro
duction plant and during handling. Conditioning of pan 
granulated products may be omitted in some cases, even 
with bulk transports.

BY : Egil Holte
Norsk Hydro a.s , NORWAY



In the HTPG process haze from concentrated melts is only 
mixed with a small amount of venting air and is 
completely recovered in an economic way. As wet recycle 
is minimized and no product drying is necessary, the 
energy consumption is low.

The HTPG process has been in commercial operation for 
several years in the Norsk Hydro Rjukan Works on forest 
grade ammonium nitrate, as well as on fertilizer grade 
ammonium nitrate and calcium ammonium nitrate. Two 
licensed plants for urea, one for AN and one combined 
unit for AN/CAN are under-construction.

CONTENTS
1. INTRODUCTION
2. PROCESS DESCRIPTION
3. PROCESS FEATURES
4. PRODUCT PROPERTIES

4.1 General
4.2 Urea
4.3 AN and CAN

5. ECONOMIC ASPECTS
5.1 Investment costs
5.2 Utilities for cons .m.ption

6. STATUS OF PAN GRANULATION TECHNOLOGY

Enclosure: Principle flow diagram
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1. INTRODUCTION
Forest fertilization in Scandinavia is carried out by 
aerial spreading. For such purposes Norsk Hydro developed 
a ncn dusting, coarse grade (7 - 11 mm) ammonium nitrate 
(AN) process based on high temperature pan granulation of 
95.5% AN-melt. The first production plant for coarse 
grade AN was started in 1971 at Norsk Hydro's Rjukan 
Works in Norway.
The coarse grade AN pan granulation process turned out to 
be a success. The pan granulation technique was therefore
extended to other fertilizer products and particle sizes. 
Today, the pan granulation process is fully developed to
produce all nitrogen fertilizers like urea, ammonium 
nitrate (AN), calcium ammonium nitrate (CAN) and calcium 
nitrate (CN) on an industrial scale. In addition to Norsk 
Hydro's own production, the pan granulation process is 
licensed internationally, and there are two plants for 
urea and two for AN/CAN under construction.

2. PROCESS DESCRIPTION
The pan granulation of urea, AN, CAN and CN have so much 
in common that all processes will be described in one.
Reference is made to the attached principal flow diagram. 
Dry solids, normally consisting of recycled material, are
fed at a controlled rate to the inclined, rotating pan 
granulator. In the granulator, a hot, nearly moisture- 
free fertilizer melt is sprayed on the moving bed of 
solids. The melt solidifies on the cold particles, and 
round granules are formed by an agglomeration mechanism. 
As the granules increase in size, they move upwards in 
the rotating pan and finally roll over the rim. This 
classifying action of the pan gives an unusually high 
granulation efficiency.
The pan temperature is controlled by the rate of solids 
fed to the pan. An optimum temperature giving fertilizer 
melt as liquid for the agglomeration with a resulting 
high growth rate of the particles is found in the range 
5-25°C below the solidification temperature of the 
fertilizer melt. The recycle ratio controlled in this way 
is about 1:1 for urea and 0,5:1 for AN ar.d CN.
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The granules leaving the pan are plastic and have a some
what irregular surface. From the pan they enter the 
polishing drum where they are exposed to mild mechanical 
forces and smoothened. A certain cooling also takes 
place, due to a small vent air quantity and heat losses. 
No haze is liberated from the granules leaving the 
polishing drum.
Cooling down to the desired product temperature is 
performed in normal cooling equipment lil.« a fluid bed 
cooler or a rotary drum cooler. Cooling muy take place 
in one or more stages. The cooling air may be ambient or 
conditioned, depending on the climatic conditions at the 
plant site and the desired product temperature. The dust 
contained in the exit air is effectively recovered in dry
cyclones and recycled to the pan granulator.
The cooled granules are conveyed by a bucket elevator to
the product screen. This is a conventional designed 
screen and could be a double deck, vibrating t^pe screen, 
with mesh openings to fit the required screen analysis of 
the product.
Oversize material from the screen is fed to a crusher to 
reduce the particle size. The crushed material, undersize 
granules, dust from the cyclones and a balance of on-size 
material is recycled to the pan via the recycle elevator 
and the recycle bin.
The product may be sent to the warehouse without further 
treatment in some cases, or if required it may be 
conditioned by conventional means.
When a solid filler is required to obtain the desired
product formulation, like limestone with CAN, the filler
may be added as a dry material directly to the pan. 
PROCESS FEATURES
The high granulator temperature gives a high net 
production rate. A commercial size one train pan 
granulation plant has a capacity in excess of 
600-800 mtpd. The pan and other equipment are standard 
commercial types. As the recycle load is low, the 
equipment size is minimized. All this leads to low 
investment cost.
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Operation of the pan is simple and easy to control. The 

desired pan operating temperature is automatically 
controlled by instruments, and visual observations are 
simple because the pan is partly open. Dedusting is 
performed by a vent hood.
Necessary equipment to meet ar^i-pollution requirements 
will be relatively simple because the only particles in 
the lower- and sub-micron range are contained in a small 
vent air stream from the pan which is treated in a 
scrubber. This air stream contains only small dust 
quantities. The main air flow coming from the cooler 
contains no "blue haze", and the solids are efficiently 
collected in dry cyclones.
In a situation where an existing prilling plant is to be 
revamped, the pan granulation process has proved to be 
very simple to tie into existing facilities, thus 
improving product quality and air effluents at a very 
favourable investment cost.

4. PRODUCT PROPERTIES
4.1 General

The granules are well rounded and have no sharp edges.
They are well suited both for bulk blending as well as 
direct application by conventional equipment.
The particle size distribution of the products can be 
controlled within wide ranges by minor changes of 
operating parameters. In the same plant, normal ferti
lizer grade, i.e. 2-4 mm granules, can be made, as well 
as a 7-11 mm forest grade product.
The mechanical strength of the products is much superior 
to prilled materials, and less dust is created during 
handling. Further, the bulk density of pan granulated 
fertilizers is very high.
Storage tests show that pan granulated products have 
excellent storage properties. Depending on the climate, 
conditioning of the products may even be omitted in some cases.

4.2 Urea
Addition of formaldehyde to the urea melt can be applied 
but is not needed. Mechanical strength tests have shewn 
that pan granulated urea without formaldehyde is more
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than 2 times harder than prills of similar size with 
formaldehyde. Granules with formaldehyde are more than 3
times harder than similar prilled particles.
Due to the short retention time of hot material in the
pan, undesired side-reactions are greatly suppressed. For
urea, the increase in biuret content from melt to final
product is concistently lower than 0.1% absolute. Another
feature of the pan products is the low water content. For
urea this is normally between 0,05 and 0,1% due to
evaporation of water from the pan.
For slew-release fertilization of water-logged rice areas, 
so-called urea "Super Granules" are presently being field 
tested with promising indications. These granules with mean 
diameter from 11 mm to 16 mm are sucessfully produced in the 
pan granulation process.
Ammonium nitrate and calcium ammonium nitrate
Forest grade AN product has been produced by Norsk Hydro since 
1971. The same plant has been modified to produce both AN and 
CAN with the normal fertilizer grade particle size of 2-4 mm.
For AN, bulk density of 1000 kg/m^ and hardness values of
2,5 kg are obtained. For CAN, corresponding values are*31030 kg/mJ and 3,0 kg. With magnesium nitrate as a melt 
additive, excellent storage properties are obtained with a 
moisture level of 0,25-0,30%.
ECONOMIC ASPECTS 
Investment costs
The investment cost of a pan granulation plant is relatively
low due to the following facts:

Single train capacity up to 800 t/d
Recycle ratio is lower than 1:1
No need for product dryer
Low air volumes that require scrubbing
Compact arrangement of equipement 

Typical total investement costs for a grass roots pan
granulation plant taking battery limits at the supply line for 
concentrated melt and at the conveyor for product to store, 
would be about US $ 5,5 mill, for a 750 mtpd plant and about 
US $ 8,0 mill, for a 1200 t/d plant. The figures are general 
for all the products, assuming European conditions, and will
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of course depend on the actual conditions of the specific 
project. In revamping cases, i.e. when an existing prill 
tower is replaced by a pan granulation plant, the invest
ment may be considerably reduced, depending on the use of 
available equipment.

Utilities consumption
The only steam consumption of a pan granulation plant is 
for evaporation of scrubber solution and conditioning of 
cooling air, when required. However, the latter amount is 
the same as for other prilling and granulation processes. 
Por scrubber solution, a maximum of 1% of the net product 
is recycled to the evaporation section. This means a 
considerable saving in steam consumption over other 
granulation processes.
The electric power consumption is low due to low recycle 
ratio and low energy consumption needed to recover 
effluents. A typcal consumption figure would be 25-30 kWh 
per ton of fertilizer product.
Process and cooling water is only needed for the recon
centration of scrubber solution, which is less than for 
other granulation processes. Maximum values are 0,01 tons 
of process water per ton of product and 0,5 m^ of
cooling water ( t = 10°C) per ton of product.
Depending on the size and integration with other sections
of the fertilizer plant, 1 . 5 - 2  operators are needed per
shift for the pan granulation plant.
As all equipment is of standard design and only one or at
maximum two production trains are needed, the maintenance
costs of a pan granulation plant are moderate and less
than for other conventional granulation technologies.
To sum up, the utilities consumption for pan granulation
is low, and it is in most cases lower than the con
sumption of prilling and other granulation processes.
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6 . STA TU S  OF FAN  G R A N U LAT IO N  TECH N O LO G Y

Norsk Hydro has operated a plant of 400 t/d capacity for 
forest grade ammonium nitrate since 1971. Several industrial 
scale production runs in this plant has proved the ability of 
the process to produce fertilizer grade ammonium nitrate and 
calcium ammonium nitrate as well. A 25 t/d pilot plant for 
urea has been operated by Norsk Hydro on all urea qualities 
during several years.

A combined 600 t/d AN and 800 t/d CAN is under construction 
with the Norsk Hydro HTFG technology by Uhde for Phosphoric 
Fertilizer Company in Kavalla, Greece.

A plant for 300 sh.tons of urea per day is under construction 
for the American N-Ren Company in Sudan, Africa, and an 
identical urea plant is also under construction by N-Ren in 
Madagascar, Africa.

A plant for 800 t/d AN fertilizer grade is under construction 
by Cofaz in Pierrefitte-Nestalas, France.

Pan granulation technology for production of nitrophosphates 
and calcium nitrate are presently being studied by Norsk 
Hydro. Pan granulation is expected to be an economic 
interesting alternative, also of these products, in the near 
future.
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NORSK HYDRO PAN GRANULATION PROCESS 
FOR UREA.AN, CAN AND CN.
PRINCIPLE FLOW DIAGRAM.
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W S A

15- The Wet Gas Sulfuric Acid Process
for

Treatment of Lean H^S Gases and 
Other Sulfurous Off-Gases

The Topstfe WSA process is a "wet sulfuric acid" tech
nology which can recover up to 99% of the sulfur from prac
tically any kind of sulfurous off-gases, as 94 to 98% con
centrated sulfuric acid. The heart of the process is the WSA 
tower which can be used together with either of two optional 
Tops0e sub-processes: Catalytic Incineration of combustibles 
in the gas or Dust-Tolerant Conversion for treatment of 
dust-laden off-gases from roaster and furnace operations.

In comparing WSA with conventional sulfuric acid pro
cesses, the most important difference is that the S02 
process gas is not dried in the WSA process. This means that 
there is no minimum limit of sulfur concentration in the 
feed gas and no maximum water concentration for the process 
gas, and that SO^ as well as S02 is accepted in gases from 
roaster and furnace operations. WSA also avoids the forma
tion of dilute acid and the large heat losses involved in 
cooling and scrubbing the gas upstream of the drying tower 
in conventional sulfuric acid plants.

* By : Paul Rudbeck
Haldor Topso*, DENMARK .
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With the catalytic incineration option, all combustibles 
in the feed gas, such as hydrogen sulfile, hydrocarbons, 
organic vapors, cyanides, ammonia etc., are, as a first step 
in the process, oxidized completely with air to CO^, H20,
SOj, and Nj over a non-nofc_e metal oxidation catalyst. Ther
mal incineration can be used only when the heating value of 
the gas is high enough to support combustion by itself. All 
the heat of combustion of the gas, heat of oxidation of SO^ 
to SO^, and even most of the heat of hydration of SO^ to 
H2S04 (gas) are recovered in the form of high-pressure 
steam. Furthermore, WSA plaints are autothermal (i.e. use no 
support fuel) for gases with a content of combustibles 
corresponding to heating values as low as 250 kJ/Nm"3, 
equivalent to about 1% H2S.

Table 1 compares the ranges of SO ̂ concentrations in 
practice for various S02 off-gas processes. The table also 
applies in principle for any other cff-gases after incine
ration of sulfur compounds to SC>2. The WSA process is usual
ly the most economic alternative for cleaning gases with 0.3 
to 7% SC>2 plus SO^. For desulfurization of more dilute off
gases, such as flue gas from power stations burning fuels 
with 1 to 2.5% sulfur, limestone absorption processes are 
usually cheaper. Production of sulfuric acid by burning 
liquid sulfur is more economic by conventional acid processes 
than by WSA.

APPLICATIONS OF THE WSA PROCESS
Gasification Plant Off-Gases: When producing synthesis 

gas from coal or heavy oil for use in manufacturing ammonia, 
methanol, hydrogen, SNG, etc., the sulfur present in the 
fuel will appear in the raw gas mainly as H2S and to a 
lesser extent as COS. These are removed together with the 
C02 by scrubbing the gas with physical or chemical solvents. 
The stripped off-gas (consisting mainly of these compounds



and water vapor) cam be fed directly to a WSA plant which 
recovers the sulfur values as concentrated suJ furic acid and 
the heat values as high-pressure steam. In contrast to Claus 
plants, WSA does not require that the off-gas be concen
trated or pretreated upstream of the plant.
- Coke-Oven Off-Gases: Coke ovens produce complex gas 
mixtures containing HjS, COS, organic sulfur, and large con
centrations of NH^ and HCN, which cam be fed directly into a 
WSA plant. The cleaned ff-gas will contain only COj, H^O,
N2 and normally less tf .1 1000 ppm S02-

Natural-Gas-Treating Off-Gases: When th. COji^S ratio 
of the off-gas from natural gas treating plants is so high 
that it gives problems in conventional sulfur-recovery 
plants, WSA cam be used to make sulfuric acid directly for 
the local market.
- Claus Plant Off-Cases: While it is desirable to recover 
the bulk of the sulfur in the form of elementary sulfur, it 
is expensive to obtain very high yields at low throughputs 
in a sulfur-recovery plant. The optimal solution may be to 
put the off-gas from the Claus plamt to a WSA plant.

SO^-Laden Off-Gases: Furnace and roasting operations, 
combustion of low-grade, high sulfur fuels amd incineration 
of spent acid and wastes etc. all produce dirty off-gases 
which only need to be dry dedusted to 100-200 mg dust/Nm^ 
before entering the "dust-toleramt conversion" process step 
in the WSA plant. There are no limitations on the SO^ 
concentration or the I^OiSC^ ratio of the feed gas.

TWO WSA PLANTS NOW IN OPERATION
Two 18 MTPD Topstfe WSA units with catalytic incinera

tion have been successfully on stream since January and June 
1980 respectively at SOPRA AB's plants in Kvamtorp and
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Hoping, Sweden. T h e s e  units clean sulfuro"s off-gas streams, 
typically with 10% H^S + COS in CO2, from gasification of 
high-sulfur fuel oil used as feedstock for production of 
ammonia. At least 99% of the sulfur is recovered in the form 
of 98.5% concentrated sulfuric acid. The cleaned off-gases,
from the WSA plants contain typically less than 600 ppm SO-

3 zand less than 20 mg/Nm of acid mist.

PROCESS DESCRIPTION
The Topsde WSA process for off-gases containing combus

tibles comprises three steps: Catalytic or chermal incinera
tion, oxidation of SO2 to SO^ and, finally, absorption and 
concentration of the product acid in the WSA tower.

Fig. 1 shows a typical process scheme and operating 
conditions for WSA with catalytic incineration treating 
sulfurous off-gases with heating values up to 8000-10,000 
kJ/Nm^. Operating conditions refer to a case where the plant 
is used for treating an off-gas with 12,5% ^ S  +■ COS in C02 
as produced in the gasification of 500 tfTPD heavy fuel oil 
with 3.5% S.

In the first step, the feed gas is mixed with air be
fore it is fed directly (without preheating) into the salt- 
cooled tubular reactor for catalytic incineration (and the 
subsequent catalytic conversion of SO2 into SO^)• A surplus 
of air is required in order to obtain the desired conversion 
(typically 98 to 99%) of SO2 into SO^.

In the upper section of the reactor all combustible 
compounds in the gas are oxidized to C02# H20, N2, and S02 
over a special sulfur-resistant catalyst which is loaded in 
tubes surrounded by molten heat-transfer salt. The oxidation 
starts when the gas has been heatad to about 200°C in the 
tubes. No fuel other than the combustibles in the gas is
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needed to maintain complete autothermal oxidation or hydro
gen sulfide, carbonyl sulfide, organic sulfur compounds, 
ammonia, cyanides or other combustible compounds, provided 
the tonal content of combustible materials is equivalent, in 
terms of heating value, to a content of 1-1.5% H^S in the 
off-gas feed.

The second step is the catalytic conversion of sulfur 
dioxide into sulfur trioxide, reaction (2) in Table 2. 90- 
95% of the conversion takes place on a vanadium catalyst 
placed in the lower section of the salt-cooled catalyst 
tubes, below the incineration catalyst. Most of the remain
ing SC>2 is then converted in an adiabatic layer of vanadium 
catalyst placed in the same reactor below the catalyst 
tubes. The special ring shaped, low temperature vanadium 
catalyst requires a minimum operating temperature of 410°C 
which is maintained by controlling the inlet temperature of 
the salt used to cool the reactor.

Downstream of the incinerator/converter the gas is 
cooled to 270-280°C with molten salt in the heat exchanger.
The temperature of the coolant (salt) must be kept a safe 
margin above the sulfuric acid dew point of the gas. In the 
neat exchanger most of the S03 is hydrolyzed to H2S04 in 
the gas phase, reaction (3) in Table 2.

A large part of the heat of SO^ hydrolysis is utilized 
for steam production in the WSA process, while in conven
tional acid plants it is all lost as low-grade heat ir. the 
acid coolers.

In the third step, the gas passes from the gas cooler/SO^ 
hydrolyzer to the WSA tower in which hot absorption ar.d mist 
agglomeration take place in the upper section of the tower, 
and concentration to commercial-grade concentrated acid 
takes place in the lower section. The acid'-then: flows down
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through an internal weir between the two sections. The heats 
of absorption and of cooling the gas to 80-90°C are removed 
by circulating acid (of approx. 90% strength) which in turn 
is cooled in an acid cooler. The heat is given off to coo
ling water either directly or through an intermadiate, 
closed cooling water loop in order to avoid the risk of 
polluting the external cooling water with acid.

Fig. 2 shows another version of the WSA process with 
thermal incineration for off-gase3 with heating values 
higher than about 9000 kJ/Nm^. The S02 conversion can take 
place either in a salt-cooled reactor (with only vanadium 
catalyst), or in a converter with four intercooled adiabatic 
beds. In the latter case, salt or boiling water at 50-80 bar 
earn be used as coolant in the gas coolers between the beds.

Fig. 3 shows the WSA lay-out for treating dilute H2S 
eff-gases (from chemical plants or Claus plants) with hea
ting values corresponding to about 2% H^S. Here the cata
lytic incineration and conversion of S02 can take place in 
two adiabatic beds, the excess heat being used directly for 
generation of high-pressure steam. Conventional acid pro
cesses could hardly be used because the S02 concentration is 
toe low to produce sufficient acid to dry the process gas.

ADVANTAGES OF WSA

Concentrated Product Acid
The concentration of the product acid depends to some 

extent on the water concentration in the gas phase. With 
less than 5-8% of surplus H20 in the gas, the concentration 
is around 98% H2S04, but even with 30 to 50% H20 in the gas 
phase product acid concentrations from 94 to 93% H2S04 re
spectively can be obtained.
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Mist-Free Stack Gas
Under normal operating conditions there will be about 

100 mg (or less) or acid mist and acid vapor per Nrâ  in the 
gas leaving the absorption zone. However, a high-efficiency 
mist filter is installed in the top of the WSA tower in 
order to prevent mist emission during start-up or misopera- 
tion of the plant. At normal conditions the filter reduces 
the H^SO^ concentration to about 10 mg/Nm^ of mist and acid 
vapor in the stack gas.

Easy Operation
The operation of a WSA plant is insensitive to large 

variations in feed gas composition and load. The critical 
parameters - sale inlet temperatures to gas cooler and 
reactor, acid exit temperature from the weir and gas exit 
temperature from the absorption zone - are controlled auto
matically. If the concentration of combustibles falls below 
the limit for autothermal operation, an electric heater in 
the salt tank or a burner in the inlet gas is started.

The simplicity of the process and the relatively few 
process steps - compared to the alternatives: Claus plants 
and conventional acid plants - also make it easy to operate 
the plant. The plant may be monitored from the central 
control room of the main plant and usually does not require 
additional operators.

Maximum Energy Efficiency
The total amount of heat released in producing 99% 

concentrated sulfuric acid from H2S and air is the sum of 
the heat produced in each of the reaction steps listed in 
Table 2. This means that the theoretical total heat produc
tion is 4.68 MW (Megawatt thermal) in the case shown in 

z 3Fig.l , i.e., for treatment of 4000 Nm /h COj-gas with 12.5% 
H2S, assuming all inlet and outlet streams have the same 
temperature, say 50°C.
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In the WSA plant on Fig. 1, about 3.20 MWfc or 68% of 
the total theoretical heat production of 4.68 MŴ . is uti
lized for the production of medium pressure steam (15-60 
bar), giving with 30 bar steam system a net production of 
116 t of steam per day. Of the remaining 32% of the total 
heat release, about 27% are taken up in cooling water, 3% 
are lost in stack gas (at 80°7), and 2% is lost by conduc
tion.

The heat recovery could be increased from 68% to about 
76% using the heat produced in the WSA tower for preheating 
air.

For comparison, the principle features of a conven
tional sulfuric acid plant, operating on the same feed gas 
as in Fig. 1, with thermal incineration and drying of the 
SO^ gas are shown on Fig. 4. The conventional plant needs 
external fuel equivalent to about 100 kg/h of fuel oil for 
thermal incineration. Furthermore, there would be a net 
loss of heat to cooling water in the conventional plant 
which is about 0.83 MW^ higher than in the WSA case, due 
firstly to quench cooling of the SO2 gas prior to the drying 
step, secondly to the loss of all SO^ hydration heat to 
cooling water, and thirdly to the extra dilution of process 
gas by the primary air (1100-1200 Nm^/h) required for the 
oil burner. All this means that the net steam production for 
export would be about 84 tons/day of 30 bar steam (after 
deducting the steam value of the support fuel oil at 16 kg 
steam/kg oil), which is only about 70% of the steam yield of 
a WSA plant treating the same gas.

The energy losses as well as production costs would be 
even higher than in Fig. 4 if sulfuric acid is produced by 
first producing elemental sulfur in a sulfur-recovery unit 
and then producing acid from this sulfur in a sulfuric acid 
plant.



Construction Materials
Carbon steel may be used for all the equipment located 

upstream of the WSA tower, where the operating temperatures 
are well above the acid dew point. For the tower section, 
acid pumps, and acid coolers, acid-resistant ceramics, glass 
and teflon-lined materials are used. Hastalloy cam also be 
used for the acid coolers.

WSA-PROCESS FOR SCL OFF-CASES
Another important field of application of the WSA pro

cess is the treatment of off-gases with 0.2 to 8.0% S02 plus 
SO^ from furnace and roasting operations. Here the first 
process step is conversion of S02 into SO^. In the frequent 
case where the off-gas also contains 20-200 mg dust per Nm^ 
after dry electrostatic dedusting at 300-420°C of the off
gas, the "TopsflSe Dust-Toleramt Conversion" process step is 
used. In this process the dust is separated out as a dry 
powder at the same time that the S02 is converted into SO^, 
and none ends up later in the product acid. Fig. 5 shows the 
principle features of the WSA process combined with Dust- 
Toleramt Conversion for desulfurization of dust-laden off
gases. The overall advantage of the WSA process is obvious 
compared to conventional acid processes in which the gas 
must be cooled and scrubbed and the SO^ removed as dilute 
"black acid" prior to drying the S02 gas. Furthermore, the 
conventional processes cannot be used on gases with less 
than 4 to 5% S02.



60
c

-

P r o c e s s :

0.02 0.05 0.1

Stack gas to 
the atmosphere

1 % S  in fuel
S 0 2-absorption with 
no regeneration of — 
the absorbent (Ca C 0 3)

S 0 2-absorption with regene
ration of the absorbent

W SA process (recovers also S 0 3)

Conventional sulfuric acid processes

Table 1



% S02 in off-gas 
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85 'C

S team  exp o rt 

4 8 5 0 kg/h 
15-50  bar

к Stack gas

9551 Nm Vh
0.10%  S O i
3 .4%  H20
10-20  mg acid m isl/Nm 1

Product acid 
2179!<g/hof 
98.4%  H2SO «

Fig. 1
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IN SULPHURIC ACID PLANTS

1, SUMHAKY

MECHIM, AS AN ENGINEERING COMPANY LINKED TO THE NON- 
FERROUS METAL INDUSTRY/ ACQUIRED EXTENSIVE EXPERIENCE IN 
SULPHURIC ACID PLANT DESIGN. CONSCIOUS OF THE ENVIRON
MENTAL PROBLEMS CAUSED BY THIS TYPE OF INDUSTRY/ MECHIM 
HAS/ SOME YEARS AGO/ SELECTED TO PROMOTE THE RALPH M.PARSONS 
Double catalysis/Double absorption process; after careful
EVALUATION/THIS ORIGINAL PROCESS HAS PROVED TO BE THE
MOST ADAPTED ONE TO SOLVE THE AMBIENT POLLUTION PROBLEMS. 
NOWADAYS, THE INDUSTRIAL EXPERIENCE GAINED BY MECHIM/
in Peru demonstrates the merits of our choice.
High SO2 to SO3 conversion efficiency, like 99.8 %,
AND GREAT FLEXIBILITY IN OPERATION OF THE SULPHURIC 
ACID PLANT IN PERU ARE THE KEY POINTS OF OUR SUCCESS AND 
THE GUARANTEES FOR AN ACTIVE FIGHT AGAINST AMBIENT SĈ  
CONTAMINATION,
No DOUBT THAT WE SHALL GET SAME EXCELLENT RESULTS IN IRAK 
FOR THE LARGE FERTILIZER COMPLEX OF Al -KAIM, WHERE MECHIM IS
supplying STATE ORGANIZATION OF MINERALS with three Sulphu
ric Acid Plants lines totalizing a A,500 mt/d production 
and using t h e RALPH M. PARSONS technology.

★ By : Dr. J.L. Corbiau from Mechim . S.A. - Belgium



AZ, l u l h i iu h  u r  n c . im n  0 K L U im CAmrutiMu:

A LARGE INDUSTRIAL COMPLEX HAS BEEN BUILT AT
CAJAMARQUILLA, at 30 km from Lima in Peru. This
PLANT IS ESSENTIALLY AN ELECTROLYTIC ZINC REFINERY/ 
WHICH PRODUCES 101,500 MT SUPER-HIGH GRADE ZINC 
PER YEAR, AS WELL AS A SULPHURIC ACID PLANT WITH A
NOMINAL DAILY PRODUCTION OF 567 MT,
This investment constitutes an important injection
OF CURRENCY FOR THE ECONOMY OF PERU. '
For the engineering and realization of this complex, 
MECHIM HAS used the most up-to-date technics in the
MATTER.

The sulphuric acid unit, described in this paper,
WORKS FOLLOWING THE DOUBLE CATALYSIS-DOUBLE ABSORP
TION PROCESS DEVELOPED BY R.M. PARSCNS. It is to 
BE POINTED OUT THAT THE f'HNERO PERU PLANT IS THE 
FIRST ONE WHERE THE PARSONS PROCESS IS USED FOR THE 
CONVERSION OF SULPHUROUS GASES DELIVERED BY A ZINC 
CONCENTRATE ROASTER.
The excellent SO2/SO3 conversion efficiency
ENABLES TO RESPECT PERFECTLY THE VERY STRICT ANTI
POLLUTION LAWS APPLIED IN PERU : IN NORMAL OPERA
TION, THE SULPHUR DIOXIDE EMISSION LEVEL AT THE 
STACK IS ABOUT 200 PPM.

The major demand for H2SO4 in Peru is for use in

METALLURGICAL PLANTS, INSTALLED IN DIFFERENT PARTS 
OF THE COUNTRY, Up-TO~NOW, A PART OF THE ACID WAS
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IMPORTED: ThF ENTIRE PRODUCTION OF THE NEW PLANT
SHALL BE USED IN PERU WITH, CONSEQUENTLY, AN IMPOR
TANT SAVE OF CURRENCY.
The CONCENTRATES COMING FROM SEVERAL MINES OF THE
Andes are roasted in a VI ElLLE-MONTAGNE type furnace. 
The produced calcine is leached by the Jarosite
process OF ASTURIANA DE ZINC. T he purification,
ELECTROLYSIS AND MELTING AND CASTING AREAS HAVE BEEN
developed following the VIEILLE-MONTAGNE/MECHIM

KNOW-HOW,

3, PI ANT PERFORMANCES

In normal conditions, the MINERO PERU sulphuric
ACID PLANT IS ABLE TO REACH PERMANENTLY A HIGH CON
VERSION EFFICIENCY OF 99.75 ! - 99,8 % WITH NEW 
OPERATING PERSONNEL.

- More experienced personnel are able to main
tain A conversion BETWEEN 99.8 % AND 99.85 Z 
AND REACH LESS THAN 200 PPM SO2 AT THE 
CHIMNEY.

- The very good design of the acid distribution
SYSTEM IN THE ACID TOWERS AS THE ADEQUATE 
CHOICE OF VERY PERFORMANT MIST ELIMINATORS 
ALLOW A VERY GOOD SO3 RECOVERY (99.998 Z).

- The GREAT FLEXIBILITY OF THE PLANT MUST ALSO 
BE POINTED OUT AS IT WAS ABLE TO RUN WITH 
HIGH CONVERSION EFFICIENCY WITHIN THE FOLLO
WING ACID PRODUCTION RANGE : FROM 515 MT/
DAY TO 500 MT/DAY OF 100 7 SULPHURIC ACID 
(DESIGN ACID PRODUCTION BEING 557 MT/DAY).

— 2 1 8 —



A. GAS PURIFICATION

The sulphurous gases from the roasting furnace are

TREATED IN THE WET GAS PURIFICATION SECTION, SPE
CIAL ATTENTION HAS BEEN PAID TO THIS SECTION THE GOOD 
WORKING OF WHICH BEING OF A UTMOST IMPORTANCE FOR THE 
BEST PERFORMANCES AT THE CONVERSION AND ABSORPTION AREA

After the gases have passed through the empty tower
AND THE SCRUBBING TOWER/ THEY ARE PURIFIED IN THE 
ACID MIST PRECIPITATORS WHICH ARE THE MOST IMPORTANT 
EQUIPMENTS OF THIS SECTION,
For this section, we have chosen to install four
ELECTROFILTERS WORKING IN PARALLEL. THESE EQUIPMENTS, 
EACH ONE OF THEM WITH AN INDIVIDUAL TRANSFO-RECTIFIER 
GROUP, HAVE BEEN LARGELY DIMENSIONED SO THAT EVEN 
DURING SHUT-DOWN OF ONE UNIT, DURING THE CLEANING 
PERIOD, A GAS PURIFICATION EFFICIENCY OF 97 % MAY 
STILL BE EXPECTED FOR THE WHOLE INSTALLATION.
A f t e r w a r d s , t h e  g a s e s , o p t i c a l l y  c l e a r , go t h r o u g h

THE DRYING TOWER WHICH DRIES THE GASES UP TO 0,1 G
H20/Nm3.

A GROUP A TWO BLOWERS, WORKING IN PARALLEL, BLOW 
THE TOTAL GAS FLOW (MAX. 80,000 Nm3/h) TO THE CATA
LYST SECTION,

A VERY EFFICIENT NO I SE-1NSULATION REDUCES TO A MINI
MUM THE NOISE-LEVEL OF THESE EQUIPMENTS,



5. CATALYST SECTION

The dry and cold gas leaving the main blowers is
HEATED UP IN 3 HEAT-EXCHANGERS IN SERIES AND SENT 
TO THE FIRST BED OF A MULTI-STAGE (3 + 1) VANADIUM 
PENTOXIDE CATALYST CONVERTER.

Exit gas from each of the first 2 beds is split
I NTO TWO STREAMS, EACH OF THEM BEING SENT TO A DIFFE
RENT HEAT-EXCHANGER IN ORDER TO PREHEAT THE SĈ
GAS STREAM FED INTO THE FIRST OXIDATION BED AND 
THE EXIT GAS FROM THE INTERMEDIATE ABSORPTION TOWER.
After heat-exchange, the two streams are fed into
THE NEXT OXIDATION BED.
Exit gas from the first oxidation stage (third bed),
AFTER EXCHANGING HEAT WITH SĈ  GAS FED TO THE FIRST 
CONVERTER BED, IS SENT TO THE INTERMEDIATE ABSORP
TION TOWER.
Before reaching the 4th catalytic bed, the gas is

HEATED UP BY THE GAS LEAVING THIS BED AND 3Y ONE PART
OF THE HEAT GENERATED IN THE FIRST TWO BEDS (AS 
EXPLAINED HEREABOVE).

After the second conversion stage, the process
GAS IS COOLED BY HEAT TRANSFER WITH RETURN GAS 
STREAM FROM THE FIRST ABSORPTION STAGE AND SENT 
TO THE SECOND ABSORPTION STAGE.

6. PROCESS CHARACTERISTICS OF THE PLANT

The MI NERO PERU sulphuric acid plant has two main
PROCESS CHARACTERISTICS WHICH ALLOW TO REACH VERY 
HIGH EFFICIENCY AND CONFER IT A VERY HIGH THERMAL
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STABILITY QUITE SIMILAR TO A SINGLE CATALYSIS/
SINGLE ABSORPTION PLANT.

The first characteristic is that the tirst cata
lytic STAGE IS THERMICALLY AUTONOMOUS AS THE SO2 
GAS FED TO THE CONVERTER IS HEATED UP BY HEAT 
SUPPLIES COMING FROM THE FIRST CATALYTIC STAGE.
The second characteristic is that the gas going
TO THE SECOND CATALYTIC PHASE IS HEATED UP IN THREE 
HEAT-EXCHANGERS, TWO OF THEM TRANSFERRING HEAT 
GENERATED IN THE FIRST CATALYTIC STAGE WHERE HEAT 
LEVEL IS HIGH AND NOT DISTURBED. THESE TWO HEAT- 
EXCHANGERS ARE IN FACT ACTING AS "EXTERN',L HEATERS"
AND ALLOW AN EXCELLENT CONTROL OF THE LAST CONVERTING 
STAGE WHERE A GREAT DRIVING FORCE IS AVAILABLE BECAUSE 
OF HIGH OXYGEN TO SULPHUR DIOXIDE RATIO AND THE 
ABSENCE OF SULPHUR TRIOXIDE.

Therefore a very high conversion efciciency is
OBTAINED REDUCING DRASTICALLY THE AMOUNT OF UNCON
VERTED SULPHUR DIOXIDE LEAVING THE EXIT STACK.
Generally speaking, the presence of the 6 heat-
exchangers ENABLES TO ADJUST VERY CLOSELY THE IN
LET TEMPERATURE IN EACH BED AND TO RUN CONTINUOUSLY 
IN WORKING CONDITIONS ENSURING THE MAXIMUM EFFI

CIENCY,
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7. TEST RUN DATA

A 72-hour performance test has been realized in July 1981. 
The data obtained from the plant during this 
test run are summarized hereafter and compared to
THE CONTRACTUAL GUARANTEES.

OFFICIAL

UNIT TEST-RUN CONTRACTUAL 

RESULTS GUARANTEE

- H2SO4 PRODUCTION (100 %) mt/d 590 Vjn cn

- SO2 EMISSION AT THE STACK PPM 201 500

- CONVERSION PERCENTAGE
SO2/SO3

<7/5) 99,78 99,5

- SO3 ABSORPTION PERCENTAGE OT, J 99,9985 99,95

- H2SO/j CONCENTRATION l 98,58 98,5
+ 0.2

All these data are largely within the particular
SPECIFICATION, PARTICULARLY AS TO THE RESIDUAL SO2 

EMISSION at the stack, which was LIMITED TO 500 PPM.

8. COMPARISON WITH CQNVENTTONAI PRfirFSS

First of all, it is important to set out the
CHARACTERISTICS INHERENT IN BOTH PROCESSES,
R, PARSONS D/C/DA Process (Flow-sheet 1)

There are 6 heat-exchangers and intermediary
ABSORPTION OF THE SO3 FORMED OCCURS AFTER THE THIRD 
CATALYST BED, It IS SEEN THAT THE FIRST CATALYTIC 
PHASE COMPRISES THREE CATALYST BEDS, THAT THIS FIRST

'il')



CATALYTIC PHASE IS THERMICALLY AUTONOMOUS/ AS THE
COLD GASES CONTAINING SO2 REACH THE CONVERTER AFTER
HAVING FLOWN THROUGH EXCHANGERS 1, 2, 3 IN WHICH THE
HEAT EXCHANGES TAKE PLACE BY THE HEAT SUPPLIES COMING
EXCLUSIVELY FROM THIS FIRST CATALYTIC PHASE.
SO, THIS PARTICULAR ARRANGEMENT ENSURES THE R. PARSONS

DC/DA UNITS GREAT STABILITY IN OPERATION, COMPARABLE
TO THAT OF A SINGLE CATALYSIS PLANT.
On THE OTHER HAND/ HEATING UP OF THE GASES AFTER
INTERMEDIARY ABSORPTION BEFORE THE SECOND CATALYTIC 
PHASE OCCURED BY PASSING SUCCESSIVELY THROUGH EXCHAN
GERS 6/ 5 AND A WHERE, MORE PARTICULARLY IN EXCHANGERS
5 AND 4 THE HEAT SUPPLIES HAVE BEEN GENERATED IN 
THE FIRST TWO CATALYST BEDS BELONGING TO THE FIRST
CATALYTIC PHASE (CONSEQUENTLY/ WITH HIGH TEMPERATURELEVELS). 
It MAY BE STATED THAT EXCHANGERS 5 AND 4 ACT LIKE 
"OUTSIDE HEATERS" WITH RESPECT TO THE HEATING UP OF THE 
GASES TO THE SECOND CATALYSIS.
Conventional DC/DA Process (Flow-sheet 2)

There are A heat-exchangers and intermediary absorp
tion OF THE SO3 FORMED OCCURS AFTER THE SECOND CATALYST BED. 
It is SEEN THAT THE COLD GASES CONTAINING SO3 REACH 
THE CONVERTER AFTER HAVING PASSED SUCCESSIVELY THROUGH
EXCHANGERS A AND 1 WHERE HEAT EXCHANGES OCCUR :
1°) IN EXCHANGER A BY HEAT SUPPLIES OF THE SECOND

PHASE OF CATALYSIS/
2°) IN EXCHANGER 1 BY HEAT SUPPLIES OF THE FIRST 

PHASE OF CATALYSIS (HEAT SUPPLY FROM THE FIRST 
CATALYST BED ) ,



(As A MATTER OF FACT. FYGHANGFR 3 IS VFRY SMALL 

AND OPERATES IN PARALLEL WITH EXCHANGER 4. In 
EXCHANGER 3/ A SMALL COLD GASEOUS FLOW CONTAINING SO2 
RECEIVES A HEAT SUPPLY FROM THE SECOND CATALYTIC PHASE).

SO, IN THIS PROCESS, THE HEAT SUPPLIES RESULTING FROM 
BOTH CATALYTIC PHASES CONTRIBUTE SUCCESSIVELY TO THE 
HEATING UP OF THE COLD GASES FLOWING TO THE FIRST PHASE 
OF CATALYSIS.
ON THE OTHER HAND, HEATING UP OF THE GASES AFTER 
INTERMEDIARY ABSORPTION BEFORE THE SECOND CATALYTIC 
PHASE OCCURS BY THE PASSING INTO EXCHANGER 2 WHERE THE 
HEAT SUPPLY TAKES PLACE, WHICH HAS BEEN GENERATED IN THE 
SECOND CATALYST BED.
This characteristic of the conventional process results
IN LOWER CONVERSION EFFICIENCY, AS IT IS NECESSARY, IN 
ORDER Tu ACCOMPLISH HEAT EXCHANGE, TO REACH A SUFFI
CIENTLY HIGH TEMPERATURE AT OUTLET OF THE SECOND 
CATALYST BED, BY INJECTION OF FRESH SO2 GAS, WHATEVER 
THE CONSEQUENCE ON THE TOTAL CONVERSION EFFICIENCY MAY BE,
After this brief comparative description, let us
NOW EXAMINE THE THERMAL STABILITY OF A SULPhURIC ACID
PLANT BUILT ACCORDING TO EITHER OF THE FLOW-SHEETS.
We SUPPOSE THAT THE WORKING CONDITIONS ARE ESTABLISHED,
BOTH FOR GASEOUS FLOW AND SO2 CONTENT IN THE GASES.
Let us imagine a disturbance, which for instance
REDUCES THE SO2 CONTENT BELOW THE THEORETICAL VALUE
ENSURING THE AUTOTHERMICITY OF A DOUBLE CATALYSIS.
I n either OF THE flow-sheets CONSIDERED, THIS WILL
RESULT IN VERY REDUCED, OR EVEN, PRACTICALLY NO OPERATION
OF THE SECOND CATALYSIS, WHICH WILL PRODUCE ALMOST NO MORE HEAT.



What is going to happen ?
1) In the PARSONS Case

As THE FIRST CATALYSIS IS AUTONOMOUS/ IT WILL GO 
ON OPERATING PERFECTLY WITHOUT TROUBLE/ WHILE THE 
GASES/ LEAVING THE CONVERTER TO EXCHANGER 6/ BY 
COOLING WILL BRING ABOUT A TEMPERATURE DROP FOR THE 
GASES PASSING THROUGH THIS EXCHANGER INSIDE TUBES,
But as theses gases must pass successively through
EXCHANGERS 5 AND 4/ WHERE TEMPERATURE LEVELS ARE HIGH
AND NOT DISTURBED/ THE RESULT WILL BE THAT AFTER ALL/
THEIR TEMPERATURE WILL BE ONLY VERY LITTLE REDUCED
WHEN THEY REACH THE FOURTH CATALYST BED, SO/ AS
SOON AS DISTURBANCE IN THE S02 IS FINISHED/ THE TEMPERATURES 
WILL VERY QUICKLY BECOME NORMAL AGAIN AT ALL THE CATALYST BEDS.
The PARSONS system is not sensitive to disturbance,

2) In the CONVENTIONAL Case
I I I 4 I I I I • I I I I • • • I I I I I I ! I

As THE FIRST CATALYTIC PHASE IS NOT AUTONOMOUS/
THE DISTURBANCE AFFECTING THE SECOND CATALYSIS WILL 
DIRECTLY AFFECT THE HEAT EXCHANGE IN EXCHANGER 4/
THE COLD GASES TO BE HEATED UP WILL BE QUICKLY AT A
LOWER TEMPERATURE THAN THE NORMAL ONE WHEN THEY
REACH EXCHANGER 1 AND AS THIS EXCHANGER BECOMES
QUICKLY INSUFFICIENT, ONE WILL BE COMPELLED, EVEN
IF THE S02 DISTURBANCE LASTS ONLY A LITTLE WHILE, TO
STOP THE PLANT AND PUT IN OPERATION THE CONTACT PLANT HEATER,
This "great sensitivity" which shows itself in the 
CONVENTIONAL Case, results from the particular
MANNER IN WHICH THE HEAT EXCHANGES ARE ACCOMPLISHED :

There is no thermic autonomy between the two catalytic phases : they
ARE CLOSELY CONNECTED TO ENSURE HEATING OF THE FIRST CATALYSIS GASES,
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Possibilities of Improving the 
Conversion Efficiency in Existing 
Sulphuric Acid Plants Designed as 
Double Catalysis Plant and Based 
on Sulphur Combustion

A. A B S T R A C T

Possibilities of Improving the Conversion Efficiency of 
Double Catalysis Sulphuric Acid Plants based on Sulphur 
Combustion

This paper presents the essential parameters influencing 
the SO2 conversion efficiency of double catalysis plants.

The following possibilities of improving the conversion 
efficiency and their economical aspects will be discussed

1. Influence of converter inlet temperatures and use 
of low bite catalyst

2 . influence of the specific catalyst quantity

3. C^/SC^ rat’io of converter gas
4. Arrangement of the intermediate absorption 

( 2 + 2  versus 3 + 1  or 3 + 2 system)
5. Increase of conversion in a 5-bed converter system
6 . Peracidox tail gas treatment

7. Economic aspects

8 . Conclusions

By : Reinhard Anders, 
Lurgi / Chemie. 
Germany.
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B. I N T R O D U C T I O N

The subject of this paper "possibilities of increasing the 
conversion efficiency of sulphuric acid plants" is limited 
to the particular aspect of double catalysis sulphuric acid 
plants based on sulphur combustion. It will therefore not 
be necessary to further discuss in detail the differences 
and substantial increase in conversion efficiency achieved 
by changing from normal (98 % conversion) to double cata
lysis design (99.5 - 99.7 % conversion).

It is rather the intention of this paper to present some 
alternatives for improving the SC>2 conversion in already 
existing double catalysis plants with regard to increasingly 
stricter enforced emission controls.

As more than 60 % of the world's sulphuric acid plants are 
operated on sulphur combustion, we based the following ob
servations on the technical parameters of such a plant wor
king according to the double catalysis system (see figure 1).

The combustion of elemental sulphur (see figure 2) requires 
the same amounts of sulphur and oxygen. When using atmospher
ic air for sulphur combustion ,a theoretical SC^ concentration 
of max. 20.5 % could be achieved. However the catalyst 
used in the converter (for the conversion of SO2 to SO^) 
allows only SO2 concentrations up to 10.5 vol% SC^ (temp, limit.) 
Sulphur trioxide (SO^) is formed in the converter by oxidation 
of sulphur dioxide (SC^J with atmospheric air in the pre
sence of a vanadium pent-oxyde containing catalyst and sul
phuric acid is formed by absorption of SO^ in sulphuric acid 
bv the addition of H2O (see figure 2 )

C. Improvement of SO2 conversion in existing double 
catalysis plants_____________________ ____________
1. Influence of the converter inlet temperatures and 

use of low bite c a t a l y s t _______________
The chemical equilibrium between SO2 and SO^ depends, 
on the one hand, on the concentrations or the partial
pressures of the individual reaction components in the
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thegas phase (P,,n > P0  ̂ and PSQ ) and, on the other hand, or.
2 3equilibrium constant (Kp ) corresponding to the chemical 

law of mass action (see figure 3 ).

The equilibrium constant Kp is a direct function of 
temperature, on the assumption of constant pressure.

Consequently, for each gas composition a temperature - 
equilibrium - conversion function can be established in 
accordance with the initial SC^ and 0  ̂ concentration.
With a view to obtaining a maximum overall SC^ conversion 
efficiency it is essential to perform the catalytic SO- 
oxidation in several steps, cooling the gas to the most 
favourable temperature before it enters the next catalyst 
bed.

The reaction heat evolved in the exothermic SC^ oxidation 
reaction leads to an equivalent temperature rise of the 
gas during its passage through the catalyst bed under 
adiabatic conditions. The maximum conversion that can be 
achieved in each bed is thus limited by the gas inlet 
temperature at which the catalyst still enables a ther
mally stable operation and by the temperature conversion 
function predetermined by the initial gas composition.
(see temperature - conversion diagram in figure 4 ).

The preliminary conversion attained in the first converter 
beds,before the intermediate SO^ absorption,will deter
mine the new temperature conversion equilibrium function 
which is decisive for the conversion attainable in the
converter beds following the intermediate absorption and 
especially for the final conversion efficiency of theentire plant.

However, an operation at the desirable low gas inlet 
temperatures highly depends on the specific reaction 
properties of the catalyst type used.

The use of so called low temperature or low-bite 
catalyst would be of particular advantage for raising 
the overall conversion efficiency.
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The use of such a catalyst would be the most elegant 
and technically the simplest solution for achieving 
an increase of conversion efficiency in existing as well 
as in r.c'.v plants.

However, as long as sufficient long-term experience with 
such catalyst types is not available,this remains still 
a rather theoretical possibility.

Influence of the specific catalyst quantity

Apart from the thermodynamics and reaction kinetics 
mentioned before, the physico-technical parameters such 
as the gas velocity, gas distribution and retention time 
or space velocity play a decisive role in achieving 
optimum conversion, especially in industrial units.

The gas distribution in the individual converter beds 
depends essentially on the gas velocity and catalyst bed- 
heigth as well as on the resulting pressure drop. The gas 
retention time in the catalyst bed or its reciprocal value, 
the space velocity, is a co-determining factor for a 
maximum approximation of the practically attainable con
version efficiency with respect to the theoretical temper
ature-conversion relation.

In practice, the requisite specific catalyst quantity is 
defined as liters of catalyst per tpd monohydrate
(Mh) production capacity of a plant.

Figure 5 shows the final S02 conversion efficiency as a 
function of the specific catalyst quantity determined by 
computer programs and based on practicable experience for 
m double catalysis plant with a (2+2) svstem. Although 
this function may vary for each catalyst type, the general 
character of the curve is nevertheless typical. While the 
lower part of the curve shows a relatively areat influence
of the specific
catalyst quantity on the final S0 2 conversion, the upper



curve range indicates an asymptotic approximation to the 
maximum attainable conversion. This means that no further 
significant improvement of the final conversion can be 
expected even if the specific c. talyst quantity would be 
increased considerably.

When comparing the attainable SO^ conversion efficiency for 
a specific catalyst quantity of 160 i/tpd Mh in relation 
to 180 1/tpd Mh it might be concluded that such a small 
conversion increase of 0.02 %' which is practically 
within measuring accuracy, does not justify more than 
10 % additional costs of catalyst. However not only opera
ting conditions with relatively constant optimum gas 
conditions are to be considered when designing a plant.
A higher heat capacity of the first converter bed is 
especially important for a plant start-up. Therefore, as 
a general rule, the catalyst quantity of the first bed 
should be higher than actually required for achieving the 
optimum conversion equilibrium. Another point to be 
considered in this connection is a certain decrease of 
catalyst activity over the years. Taking into considera
tion the aforementioned facts it is recommended to dis
tribute the catalyst equally (25 % 25 % 25 % 25 %)

over the 4 catalyst beds of the converter vessel.

3. C^/SC^ ratio of the converter gases

The O2/SO2 ratio of the feed gas has a decisive influence 
on the final conversion efficiency achievable in the 
contact plant, as can be seen from the theoretical de
pendence (figure 6 } .
Figure 6 shows that the relative rate of increase in 
conversion decreases significantly at higher C^/SC^ ratios 
so that even when further lowering the S0 2 concentration 
by air dilution an additional improvement of conversion 
cannot be expected.

A shifting of the ratio from 1.0 to 1.2 which may
often be within the range of actual operating fluctuations, 
actually means an increase of the theoretically attain-
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lysis plant with a (2 + 2) system. This difference may 
already be decisive when fixed emission standards have 
to be complied with.
Arrangement of the intermediate absorption 
(2 + 2 versus 3 + \ system)________________

Intermediate absorption can be arranged either after tray 
No. 2 or after tray No. 3 of the converter.

The following advantages or disadvantages are related 
to either version
a) 2 + 2  arrangement

overall conversion ( S 0 7 to SO,) 0.05 %-point lower
. , , . thanwith 3 + 1  version

Intermediate heat exchanger area smaller than 
with 3 + 1  version (less investment cost)

slightlylowar steam production since more heat
is lost in the intermediate absorption system, 

b) 3 + 1  arrangement

Overall conversion (S02 to SO,) approx. 0.05 %-point
,, , betterthan with 2 + 2  version.

intermediate heat exchanger area bigger than with 
2 + 2  version(higher investment cost)

slightly higher steam production since less heat 
is lost in the intermediate absorption system.

5. Increase of conversion in a 5 bed converter system
Apart from the possibility of designing a plant for lower
S0 2 concentrations and a higher 0 2/S0 2 ratio another alter
native for improving the conversion efficiency is to use 
a converter with 5 beds instead of a 4 bed system. This 
is also demonstrated in figure 6 .
The theoretically possible increase in final conversion 
by an additional catalyst layer in a (3 + 2 ) system com
pared with a (2 + 2 ) system at the same gas composition, 
for example with an 0 ^/S0 2 ratio of 1.0 , roughly corres
ponds to the previously considered difference in conver-
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sion when inox:easing the C^/CO^ rati^ from 1.0 to 1-7 in 
a conventional (2 + 2 ) system.
In order to illustrate the significance of the 02/S02 ratio 
a comparison of several S0 2 concentrations at the converter 
vessel inletwith the corresponding theoretical S0 2 conver
sion figures are shown in figure 7.
In view of the previously discussed dependence on conver
sion in a (2 + 2 ) converter system, a change of the 
02/SO2 ratio from 0.98 to 1.19 means a reduction of the 
S02 feed gas concentrâtion from 10.5 to 9.5 % S02 with 
an expected increase in conversion from 99.49 to 99.65 %
i.e. a difference of 0.16 %-point 
Peracidox tail gas treatment system

The oxidative S02 tail gas scrubbing process, the so-called 
Peracidox process represents another alternative for 
improving the overall conversion in double catalysis plants 
(see figure 8 ). As per experience from an existing plant 
the SO2 content in the exit gas can be reduced up to 50 ppm. 
The very simple arrangement and operation of the Peracidox
system with H202 is demonstrated in figure 9 .
The tail gas leaving the final absorber of the contact 
plant passes through a tail gas scrubber and a packed 
tower. The oxidant is added to the acid circuit of the 
scrubber. By simple overflow, the sulphuric acid formed 
during S0 2 oxidation is passed on to the sump of the 
scrubber where the remaining H20 2 content is consumed be
fore the dilute sulphuric acid produced is conveyed to the 
sulphuric acid plant. In the acid system of the final 
absorber it is practically used instead of process water,
thus being added to the main production flow.
A technical advantage of the Peracidox system is its little
space requirement and its easy installation in existing
acid plants as an add-on unit.Another variant of the Peracidox process is the use of 
peroxisulphuiic acid instead of hydrogen peroxide as oxidant. 
Such a system where peroxisulphuric acid is produced elec- 
trolytically (from sulphuric acid), only differs from the 
system with H20 2 by the integrated electrQlysis. For this 
alternative only electric power and a small quantity of 
cooling water i '-squired.



Control and maintenance of these add-on units are simple 
and unproblematic. They are operated by the sulphuric acid 
plant personnel and may also be used especially for the 
start-up operation of contact plants, for the purpose of 
reducing temporarily increased SO-, emissions until the 
individual converter beds have reached their optimum operat
ing temperatures.

For such a temporary use of an oxidant, the utilization 
of ^ 2 ^ 2  :*'n an^ case the more economic alternative be
cause the relatively high capital cost for the electro
lyzer can be saved.
Economic aspects
When discussing increases in conversion efficiencies in 
f^SO^plants in the order of only 0.1 %-point, this might 
seem virtually uninteresting and negligible to a non
expert. He- ever based on the requirements for pollution con
trol the SO2 emmission may have to be improval from 99.6 % 
overall conversion to 99.7 %. The extra investment and 
operating cost for achieving such improvements are quite 
considerable and not any longer negligible. This can be 
seen from the diagram (figure 10) in which the relative 
capital costs are represented as functions of the SO2 feed 
gas concentration.
The capital cost of a double catalysis plant based on sul
phur combustion (1000 tpd) with a (2 + 2) system for SO2 

gases of 9.5 % are about 7 % higher than for a plant oper
ated with 10.5 % SO2. (Difference in conversion efficiency 
0.16 %). On the other hand, the additional capital cost of 
a (3 + 1) system amounts to about 8 % and of a (3 + 2) 
system to about 10 % (comparing plant designs of 10.5 % SO2 

and 9.5 % SO2)•
Figure 11 shows the relative operating cost as a function 
of the SO2 content in the feed gas of double catalysis 
plants based on sulphur combustion.
It can be noted that the relative operating cost between 
a 2 + 2 and a 3 + 1 system (at the same SO2 concentration 
of converter inlet) differs by approx. 1 %. However between 
the 2 + 2  and a 3 + 2 system exists already a difference of 
approx. 3 %.



Figure 12 shows the specific operating cost of a tail gas 
treatment unit as a function of the S02 removal wnen using 
H2°2 as an oxidant- The specific operating cost expressed 
in DM/t Mh also refers to a practical example of a 1O00 tpd 
double catalysis plant and includes the cost of H202 con
sumption and electric energy.
When processing feed gas of 10.5 % S02 instead of 9.5 % 
the decrease in final conversion efficiency of 0.16 % 
corresponds to a reduction of the S02 tail gas concentration
by using the Peracidox system of approx. 150 ppm SO^.
For this example, the implied additional cost of the acid
plant amount to approx. 3.50 DM/t Mh.
Furthermore the diagram shows that the operating cost of 
the Peracidox system is a linear function of the S02 remov
al. This is due to the stoicheiometric relation of the H202 

consumption to the amount of SC>2 to be oxidized (approx.
0.6 kg H202 per kg S02 to be removed).
When comparing the different possibilities of increasing 
the conversion, the tail gas scrubbing system has an 
essential advantage as it allows a great flexibility and 
also an adaptation to changing operating conditions of the 
acid plant. However a higher removal of S02 (300 ppm and 
more) causes substantial extra cost which is not justifiable
for purely economic reasons.

E. Conclusion
The discussion of the various dependencies of S02 conversion 
shows that even in existing plants it is often possible to 
achieve further and, sometimes decisive, increases in 
conversion by a careful optimization of the contact plant operation.
The comparison of various technical possibilities (see
figure 13) shows the consequences for obtaining even a
relatively small conversion efficiency increase.
The present pollution standards of most countries in the
world require for H2S04 plants based on sulphur combustion
a maximum of 4 1 bs SC>2/t of Mh produced (approx. 270 ppm
S02 in the tail gas.
This figure can be safely and in the most economic way 
achieved by designing a double catalysis plant with less
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than 9.5 % SO^ (3 1 system for the double ahsomtion)
and 180 1/t of Mh catalyst in the converter.

Existing plants can be modified by using built-in systems 
or add-on-systems. However each particular case has to be 
investigated for the different alternatives in order to 
find the optimum solution under the aspects of technical 
feasibility as well as economics.
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AIR DRYER INTERMEDIATE ABSORBER FINAL ABSORBER

Figure 1 DOUBLE CATALYSIS SULFURIC ACID PLANT 
BASED ON SULFUR COMBUSTION



S U L P H U R  C O M B U S T I O N  

S + 02 ------»- S02 (297 !<j /m o l )

C A T A L Y T I C  O X I D A T I O N

2 S02 + 02 — 2 S03 (98 k j / mol)

S U L P H U R  T R I O X I D E A B S O R P T I O N

SOj + H2 0 ------^ HoSOq (137 k^ m o l )

Figure 2

E Q U I L I B R I U M  C O N S T A N T

Kp
pso3

Kp = 5186/5
T

0/611 log T - 6/75

Figure 3
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SO* * «•nvtr»ion
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gastemperature 
(conversion layers )

TEM PERATURE SOj^CONVERSION DIAGRAM 

F ig u r e  4 FOR A 4 -TRAY CONVERTER
BASED ON DOUBLE CATALYSIS
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Theoretical SC:2 -- conversion efficacy 

of double catalysis plants (2+2 system)
AS A FUNCTION OF THE CONTACT GAS COMPOSITION

Vol % S02 Vol % 02
o2/so2
RATIO

THEOR.
Conversion l

9/0 11/8 1/31 99/73

9/5 11/3 1/19 99/65

10/0 i—
>

C
D

C
O 1/08 99/58

10/5 10/3 0/98 99/49

Figure 7

R E A C T I O N  E Q U A T I O N S  f o r  

P E R A C I D O X  P R O C E S S

S02 + H2S05 + H20 --------------- 2 H2S0ii

S02 + Ho02 ( + HoSÔ j ) ---------->• 2 HoSOij

Figure 8
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Figure 9 LURGI PERACIDOX TAIL GAS SCRUBBING SYSTEM
WITH H202
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Type of 
System

Type of Improvement Increase in 
Conversion 
Ef f iciency

Changes in 
Plant Operation

Changes in 
Investment 
Volume

Additional 
Operating 
Cost *

Additional 
Investment 
Cost *

Built-in
Systems

Use of low bite catalyst O. 10 % different
catalyst

negligible

Increase in cata
lyst quantity 
180 1/t instead 
160 1/t

0.02 %
Increase in 
Pressure drop 
additional 
power consumptio

Addit ional 
catalyst addi
tional blower 
n capacity

- approx. 1 %

Improved O^/SOj ratio 
1.2 instead 1.0 0.15*

Increase in gas 
volume additi
onal power 
consumption

Increased
Equipment
Size

approx. 1 % approx. 7 %

Arrangement of 
•intermediate ab
sorption step 
3 + 1  versus 2.2

0.05 *
higher steam 
product ion

Bigger heat 
exchanger 
area for in
termediate 
heat exchan
ger

slightly lower 
due to credit 
for steam 
prod..

approx. 1 %

5 bed converter 
system
3 + 2  versus 2 + 2 0.16 %

Additional 
Equipment like 
1 more conver
ter bed,addi
tional heat ex
changer, ducts

approx. 3 % approx. 3 i.

Add-on
System

Peracidox Tail 
Gas Treatment

_____________

0.16% H202 consump
tion, additio
nal power con
sumption

Additional 
scrubber, to
wer, pumps, 
tank ducts and 
pipes

approx. 4 % approx. 4 %

* Based on a lOOO tpd HjSO^ Double Catalysis Plant Designed for 10.5 % 
2 + 2  system for the double absorption (conversion 99.5 %)

SOj 160 1/t Mh Catalyst and
Figure 13



Q: Dr. V. Pachaiyapan, FAI, India:
1- You have net compared the economy using prilling tower vs. 

granulation. Could you give us some comparison?
2- High temperature operation you mentioned also, is energy 

consuming. Is it not contradicting?
A: Eqil Holte, Norsk Hydro, Norway:

1- The investment cost of a prilling plant vs. granulation 
plant will depend very much on the local conditions. Thus 
comparison of this has to be done on a real case basis. Coming 
to the operating cost, the following can be indicated for gra
nulation process:
Power consumption = 20-25 kwh/ton product.
Process water Q = 0.01 ^on/ ton product.
Cooling water at 10 C= 0.5 m / ton product.
Operators =1-2 man/ shift.
The power consumption in prilling, normal process 15-20 kwh/ton 
product, but with antipollution measures, it will increase by 
10-15 kwh/ton.
2- No extra energy is added to the melt. The high temperature 
term refers only to the operational temperature in the pan.

Q: Dr. V. Pachaiyapan, FAI, India:
1- Your DC/DA need 2 additional heat exchangers. What about the 

additional cost? Is it offset by the efficiency claimed by 
you?

2- Great sensitivity is also good for better inter-relation, 
though not for stability . Could you comment?

3- 72 hrs performance should not be used for contractual gua
rantees .

A: Dr. Y.L. Corbiau, Mechim, Belgium:
1- First of all, it must be pointed out that my paper is relative 
to the performances of sulphuric acid plants working on metallur
gical gases and not on sulphur burning.
This is true we need 2 additional heat exchangers but the surface  ̂
area needed is not as the ratio of number of heat exchangers,i.e.^. 
The additional cost is less than 1% and this is largely compensated 
by the decrease in atmospheric pollution ( 200 ppm in DC/DA Parsons 
case against 500 ppm in DC/DA Conventional case).



2- In sulphuric acid plants treating metallurgical gases, 
bility is an important factor as the raw feed material is always 
changing. A process, which is less sensitive to variations like 
the DC/DA Parsons process, does not require that operating per
sonnel- conduct the plant at high temperature levels so as to ensure 
that they will not loose catalyst activity. The result is that, 
with lower temperature at the inlet of each bed, the performance
of the plant will be higher.
3- A 72 hrs performance test is a normal rule in world contracts. 
This 72 hrs performance test is achieved only when plant is in 
stable operation ( not including start-up period).
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Afternoon Session : Recommendations :*

1- Promotion of Industrial Awareness in the field or pollution 
from the fertilizer industry and the importance of its con
trol to protect the environment.

2- Pollution regulations should be established regarding all 
pollutants from the fertilizer industry.

3- Fertilizer plants should follow the established pollution 
regulations and ensure that pollutants are within the accep
table limits.

4- Future planned projects should include pollution control 
units during the design stage.

5- Well-trained and qualified personnel in the field of pollution 
control and the establishment of a department of pollution 
control in the company is considered necessary.

6- Encouragement of cooperation among Fertilizer plants in the 
field of pollution control.

7- Encouragement of the utilization of spent or liquid effluents 
which contain acceptable percent of nutrients in agriculture 
in particular in countries with deficient water resources.

8- A technical field study on the pollution problems of nitrogen 
fertilizer industry in the Arab Countries should be undertaken 
by AFCFP,AIDO,and UNIDO, followed by an expert group meeting
to discuss the report of the field study.
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9 OTHER TECHNICAL PAPERS:*

18- The Gaseous, Liquid and Solid Effluents Emitted 
from the Phosphoric Fertilizer Complex in Al-Qaim 
and the Techniques Applied to Limit and Control 
them.

19- Pollution at Arzew Nitrogen Fertilizer Complex.

These Papers were prepared for hte Seminar but were not 
presented in Bahrain .
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EMITTED FROM THE PHOSPHATIC FERTILIZER 
COMPLEX IN AL-KAIM, AND THE TECHNIQUES 
APFLIED TO LIMIT AND CONTROL THEM,

A B S T R A C T
As far as the gaseous effluents are concerned, namely 

the SQ? , Fluorides and NC*, besides the application of 
good designs to get the minimum possible pollutants con
centration emitted through the stacks (using double 
ccntact/double absorption technology for Sulphuric Acid 
production as an example). The principle of not exceed
ing an allowable threshold limit value on ground level 
was also followed by a coraputrized studying to survey all 
the possible meteorological conditions and calculating 
the maximum concentration of pollutants on ground level 
and making sure that they are not exceeding a predefined 
threshold limit value.

For liquid and solid effluents a complete project is 
constructed to handle and to treat them. The project 
includes the construction of two separate storages. One 
for acidic effluents lined with high density polyethylene 
to prevent the penetration of these effluents to the 
underground water; the solid materials (mainly the 
phosphogypsum) will be stacked upto a height of 40 metre. 
The second storage is for basic effluents (calcium hydro
xide mainly) which results from the washing of the cal
cined phosphate rock, the height of the solid material in 
this storage could reach 18 metre.

By : M.A. Murad.
Atate Enterprise for Phosphate. 
Al-Kaim.
1 aq.



I
The excess acidic effluent drained from the gypsum 

stack (as the most part of the acidic water will be re
cycled to the Complex to be used for gypsum dilution 
produced in the Phosphoric Acid unit in order to make it 
suitable for pumping through pipelines to the gypsum 
storage) will be neutralized with the excess basic eff
luents in two stages in series, then the neutralized 
water is disposed to the nearby wadi with a PH and 
fluorine content within the accepted values detailed in 
the next pages,,

INTRODUCTION The phosphatic fertilizer companies are con
sidered among the companies which throw to the environ
ment different kinds of pollutent effluents, gaseous, 
liquid and solid in huge quantities,, During the design 
and the construction stages of the Fertilizer Complex 
in Al-Kaim, the pollution problems were reflected 
directly on the designs executed by the Contractor(s) 
companies after defining the required limits and crite
ria. Tn some cases we were obliged to follow special 
solutions to take care of the liquid and solid efflu
ents as the Complex is located in a desert area near 
the Euphrates river and throwing these effluents dire
ctly without treatment will lead certainly to the 
pollution of the underground water and the River,
BRIEF DESCRIPTION OF THE COMPLEX,ITS PRODUCTION 
UNITS AND EFFLUENTS DISCHARGED FROM EACH UNIT :

1„ Beneficlatlon Unit
It discharges liquid and solid effluents (basic efflu
ents) resulted from the washing operation of the cal
cined phosphate rock. It discharges also gaseous eff
luents mainly SO2 which comes from the sulfur content of 
the fuel used for the calcination furnaces.
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Sulfuric Acid Units2.
They discharges SO2 and SO3 as pollutents to the 
atmosphere*

3. Phosphoric Acid Unit
Its liquid and solid effluents (phosphogypsum) are con
sidered the most important pollutents in phosphatic 
fertilizer industries due to their large quantities and 
their poisonous effect (fluoride ions mainly). This 
unit also discharge fluorine compounds as gaseous eff
luent to the atmosphere.

4. Fertilizer Units (TSP, NPK, MAP) &
Fluoride Salt Units (A1F3, Na3AlF6).
They discharge fluorine compounds as gaseous effluent 
to the atmosphere and also acidic liquid effluents con
tains fluorides mainly.

5. Ammonia Plant
1 —• - —
A small Ammonia Unit is going to be constructed within 
the Comdex, it is going to discharge gaseous effluents
mainly N0X and a very small quantity of SO2.

6. Utilities Units
Gaseous effluents mainly S02 is discharged from the 
stacks of power house and other drying furnaces in 
the Complex (its source is the sulphur content of the 
fuel), acidic liquid effluent from the water demin
eralization unit is discharged also.

The gaseous effluents discharge to the atmosphere will
be discussed first.
A. The Gaseous Effluents :

As mentioned above they include S02 , SO3 , Fluorides and NCX . 
A.1. S02 and SO3 i

The Sulfuric Acid unite are the main source 
of these effluents and the first step to 
minimize pollution with these gaseous is a 
design step by choosing the double contact/ 
double absorption technology which has 
become common recently and its lesser pollu
tion is reflected directly on its efficiency 
for example, Alkaim Sulfuric Acid units are
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designed to convert not less than 99.25?i of 
the burned sulfur to sulfuric acid ana they 
discharge through their stacks not more than 
the following rates :

502 400 ppm equivalent to 2.3 kg S02/ton H2SO4

503 40 ppm equivalent to 0.29 kg S02/ton H2SO4

But since the pollutant concentration on ground 
level represents the value which operators are 
going to expose to and not the rates discharged 
to the atmosphere from the stacks (although 
there is a relation between the two) and since 
there are other stacks in the Complex discharg
ing SO2 (different furnaces for calcination and 
drying in the Complex, Power house furnaces, 
..........................................  etc.)

which use fuel of certain sulfur content, and in order 
to study the influence of all stacks together, it was 
decided to use the criteria of a threshold limit value 
represented by the ground level concentration of S02 
and the figure selected was 40 pphm (0.4 ppm) for 15 
minutes recommended by G. Nonhebel in his article

"Recommendation on heights for new 
industrial chimenys"

journal of Institute of Fuel, October, i960, page 479 
- 511 and following C.H. Bosanquet method for calcula
tion of plume rise as indicated in the article

"Rise of a hot waste gas plume"

journal of Institute cf Fuel, June, 1957, page 322 - 
328 and since other factors (besides the emission 
parameters discharged from the stacks) like ambient 
temperature, wind stability, wind speed, direction of 
winds,and physical height of stacks affect the ground 
level concentration, and it is clear that the four
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meteorological factor mentioned can not be controlled 
and the emission parameters are fixed following 
design requirement (being understood that each indi
vidual stack is not discharging to the atmosphere 
more than the allowable limit in the country of origin) 
then the only factor wt ich remains under control is 
the physical heights of the stacks which should be 
sized to minimize the SO2 concentration on ground 
level. The involved calculation is lengthy and com
plicated specially there are 13 stacks in Alkaim 
Complex discharging SO2 to the atmosphere, therefore, 
the calculation was carried-out using a computor 
programme applying a mathematical model by assuming 
the presence of 121 receptors uniformly distributed 
all over the Complex and the surrounded area to find 
out the ground level concentration at each receptors 
surveying all the possible climatic conditions.
The meteorological parameters of the model werethe following

(a) . Ambient temperature, the most unfavour
able hypothesis is assumed which is the
maximum temperature recorded in the area.

(b) . Wind stability classes, six cases are covered :
Class A Very unstable.
Class B Unstable.
Class C Slightly unstable to neutral.
Class D Neutral to slightly stable.
Class E Moderately Stable.
Class F Very Stable.

(c) . Wind speed, six values are assumed bet
ween the range 1 to 15 m./sec.

(d) . Wind direction, 16 wind origin direction
classes are assumed to cover the all 
possible wind direction (360°) between 
each direction and the other 22.5°.

i.e. a total of 6 X 6 X 16 = 576 particular 
situations are covered and the concentration at each 
receptor is determined. The above model is applied 
three times with a 7.5 angle between two consequence
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wind directions, i.e. the wind direction covered is 
16 X 3 = 48 direction in order to give more precise 
picture of the ground level concentration and to 
enable the tracing of a map of iso - max. concentra
tion curves covering the whole Complex,, Moreover it 
was assumed that the most unfavourable type of fuel 
will be used as far as the sulfur content is concerned
(all the furances of the Complex are designed to
use one of the three alternatives, natural gas,
crude oil, and fuel oil) and the calculation is
based on the assumption of using fuel oil which
has the highest sulfur content» In addition to
that no absorption effect of the ground (by the
soil, asperities, vegetation........... etc.) is
assumed i.e. perfect reflection of the polluting
agents on the ground is assumed to be on the safe side.

According to the above assumption and while the 
whole stacks are operating with their full capa
city, it was found that the maximum ground level 
concentration will range between 0„2 - 0.3 ppm for 
most part of the Complex, and the absolute maximum 
concentration for few parts will roach to 0.4 ppm at 
an unlikely occurring conditions (as these conditions 
require an ambient temperature above 40°C and a wind 
direction blowing from south to south-east and the 
probability of this meteorological situation to take 
place is very rare). In the above study the probability 
of occurrence of the meteorological data was not taken 
into consideration so even the very unlikely ones are 
considered which put us on the safe side also.

A.2. Fluorine Pollutant.
The following design figures have been taken
as a maximum limits for the concentration of
fluorine gases allowed to be emitted from
stacks to the atmosphere after passing the
scrubbers and they actually represent the
limits which the engineering companies are
abide to in their countries (Western European Countries)



i. Phosphoric Acid Unit 25 mg/Nm3„
ii. Fluorine Salts Units 25 mg/Nm3.
iii. Fertilizers Units 35 mg/Nm3.

And again to study the influence of the whole
stacks working together at their full capacity 
a criteria of an allowable threshold limit 
value is defined, the ground level concentra
tion selected is 2.5 mg T/m? (as an allowable 
limit of exposure for 8 h/day and 5 days/week), 
this represents the limit to which the workers 
may be exposed repeatedly, day by day, without 
adverse effect following the recommendation of 
the "American Conference of Governmental 
Industrial Hygienists for 1977". The ground 
level concentration has been calculated in the 
same way of calculating the SO2 concentration 
explained in para A.1 covering ail the possible 
meteorological conditions and it was found-out 
that the absolute maximum concentration of 
fluorine on ground level will not exceed 0.16 mg F/m^.

A. 3. N0X Pollutants
The maximum ground level concentration of N0X gases 
was taken not to be exceeding the U.S. Federal Re
gulations of 100 micrograms/cubic metre (0.05 ppm)
the calculated valve was found to be 38.5>*^g/m3<)

B. The Liquid and Solid Effluents
Since huge quantities of liquid and solid effluents 
are going to be discharged from the Complex some of 
which are acidic and containing poisionous ions 
(Fluorine ions for example) and since the Alkaim 
Fertilizer Complex is located in a desert area (away 
from sea-shore where usually these effluents are 
discharged) and the nature of the soil is calcite 
i.e. highly permeable to acidic solutions as these 
solution attack this kind of soil easily and in 
order to protect the enviornment from pollution by 
these solutions represented by the underground 
water and consequently the river (as the level of
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the underground water is higher than the level of 
the river) it was decided to construct a comolete 
Project to ^core and to treat these industrial eff
luents and hereunder given a brief description of 
this Project. The effluents can be classified into 
two types :

B. 1. Acidic Effluents of______ PH K* 3
B.1.1. Phosphoric Acid effluents (mainly phospho- 

gypsum) which contain high concentration 
of fluorine ions besides other impurities 
like P2O5 etc. (the phosphogypsum is pum
ped to the gypsum stack as a slurry of 22% solid).

3.1.2. Fertilizers, Fluorine Salts and demineralization 
Units Effluents which contain Fluorine ions, P2O5 ,
H2SO4 and others,

B.2. Basic Effluents of PH ^ 1 2
They are formed as a result of washing the calcined
phosphate rock and the solid content is mainly
calcium hydroxide and other impurities like mud.

Project Section :
The Project is consisted mainly of three sections, acidic 

effluents storage and its accessories, slime storage and its 
accessories and neutralization section besides the piping net
work connecting the Project to the Complex (see the attached sketch).

I. Acidic Effluents Storage i
It is foreseen to store the solid materials (mainly the 
phosphogypsum) by lining the storage ground properly with 
high density polyethylene HIPE to prevent acidic seepage 
to the underground water, the solid materials will be stac
ked upto a height of 40 metre in an area enough for 20 
years operation which is going to be constructed into 
four equal stages and the first stage is now under cons
truction. In the gypsum stack area alotted drain-pipes 
are embedded towards cahnnel lined with HDPE as well, 
then towards an acidic water pond which also lined with 
HDPE. This pond serves as a buffer tank to rationalize 
the operation of the Complex units and the neutralization 
section due to its large capacity. Most of the acidic
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water is recycled towards the Complex to the Phosphoric 
Acid unit in order to dilute the gypsum cake after A l 
teration and make it in a slurry form of 22% by wt. solid 
which is pumped through piplines to the gypsum storage.
The excess acidic water will be neutralized as willbe shown later

II. Slime Storage :
The basic effluents are stored in a separate area, 
the ground of which is adequately compacted in order 
to minimize the slime water seepage into the ground 
during the first stage of operation as the slime 
material later-on will form an isolation layer 
highly preventing the seepage of slime water. A 
slime water pond is integrated with the slime stor
age, the pond is lined with HDPE (as there is no 
possibility of forming impervious layer of slime as
in the case of slime storage).

III. Neutralization of Acidic Effluents :
Neutralization of excess acidic effluents is carried 
on in two consequence stages with the excess basic 
water from the slime storage, each stage consists of 
neutralization basin and thickeners; the first stage 
is lined with rubber and carbon bricks and the second 
stage (after rising the PH) is epoxy lined. The 
fluorine ions are precipitated as insoluble CaF* and 
the PH is rised to acceptable limit, the formed 
precipitations are separated by the thickeners and 
transported to the gypsum and the slime storage res
pectively. The neutralized effluent is discharged 
towards a pond (called clear water pend in the att
ached sketch) lined with HDPE as an extra precaution 
then discharged to the near-by WADI 7 Km. far away 
from the river.

The main characteristics of the neutralized effluent 
are : *

PH about 9.5
Dissolved Fluorine less than 10 mg/litre
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into consideration the annual rate of evaporation 
and the rate of rains, and during the summer sea
son when the rate of evaporation is increased a 
mixture of slime water and slime solid could be 
used to get the same neutralization results. Also 
it has taken into consideration the probability of 
stoppage of some of the units of the Complex for 
more than two weeks and consequently a shortage 
might occur either in the acidic or in the basic 
effluents and this will be faced by addition of 
Sulfuric Acid or lime as the provision of storing 
and feeding these materials is included in the 
Project.
And in order to ensure utmost security, any possible 
change»in the quality of the underground water and 
in the river will be recorded by drilling wells near 
the gypsua stack and in the way of discharged neu
tralized water and also carrying on periodical ana
lysis to the river water at two points before and 
after the discharge point to the river to record any 
possible adverse change one year before the start-up 
of the Project.

GYPSUM AND SUME DISPOSAL FACILITIES
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19- POLLUTION AT ARZEW NITROGENOUS FERTILIZERS

COMPLEX

I . INTRODUCTION :

As to the Arzew Nitrogenous FertiI izers Complex among 
all the polluants we briefly present herein after in this 
report, ammonium ion is the one that caused us the most 
problems as to the running of units composing this complex 
and certain neighbouring complexes.

It should be noted that in view of the future running of 
new units, the problem of sea water pollution by ammonium 
ion wi I I gain more importance, thus reduc1ng on one part 
the reliability of the exploitation and production of the 
complex and of neighbouring plants on the other, in terms of 
wind d i rect i on.
The dominant wind direction being the west, the LNG plants 
are then the most affected because the ammonia discharges 
are located in the west with regard to the S.W ammonia 
pumping unit and in the east with regard to that of LNG.

The industrial sewages of the complex are thrown into the 
sea, without preliminary treatment, other than the partial 
neutral izing of acid condensates in the chalk pit.

By : Dr. A. Mahi.
Ministry of Energy and Petrochemical Industries. 
Algeria.
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li. Among all the polluants, the free or combined ammonium 
ion conveyed to the sea through water, steam and the air 
causes problems in :

2.1. The freshening units :
Water, boiler feeding is obtained by :

2.1.1. Distillation of sea water in the distillation blocks 
The control of water purity is made through measuring its 
conduct i v i ty .

In this way, the increase of ion ammonium concentration 
in distilled water implies an increase of its conductivity 
therefore an automatic sewage disposal.
The lack in boi 1er feeding water is often due to this phenomenon.
The presence of ammon¡urn ions in the distilled water will
reduce the cycles of demineraI ization resins, which are
not fitted to the treatment „ammoniurn ion :

of
The resins used are :

Amberlite IR 120 L, Anionic Resin 
Amberlite IR 400 C, Cationic Resin.

An ion exchanger resin specific to ammonium ion would 
prove necessary.

The ammon ium ions concentration in distilled water is 
five to six times larger than that in sea water.

In the LNG 1, the distilled water being used in the 
boilers without previous demineraI ization .
The ammonium conveyed by steam wi I I affect the turbines 
condenser and other equipment made out of copper al I oy .

2.2. Cool ing system by sea water :

Several exchangers in contact with -,ea water are made 
out of a dimetal lie alloy, copper/aI urniniurn and copper/ 
nickel. However when in the presence of ammonium ions.
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these exchangers are th Inh 1 y rnrroded. Therefore it has 
proved necessary to determine the tolerable ammonium ion 
content in such equipments.

2.3. Chlorine injection to the system of cooling sea water :
Chlorine injection is used as a "biocide" agent at a rate 
where the free chlorine concentrâtion in circuI ating water 
is 0,5 Mg. I ,
The presence of ammonium ion entai Is a chlorine dissocia
tion, therefore a more important chlorine injection (see table 1).
For example, for a 0,5 Mg. I ammonium ion concentration 
in sea water, chlorine injection must be done at a 4 Mg I 
concentration in order to keep a 0,5 Mg I free chlorine 
rate in circulating sea-water, instead of a chlorine 
injection at 2 ppm in the case of an absence of ammonium ion.
The ammonium ion poI I ution was more important, with the 
new units, therefore the chlorine requirements will be 
enormous.

The shock injection at high chlorine concentration in 
case of high ammonium ion concentration is a solution to 
reduce the chlorine needs.

TABLE 1
CHLORINE INJECTION RATES 

WITH AN AMMONIUM ION CONCENTRATION

n° ammonium ion in sea 
water ppm (parts per 

mi 11 ion)
chlorine needs 

ppm

1 0,5 4,02 1,0 8,0
3 1,5 12,0
4 2,0 16,0
5 2,5 20,0
6 3,0 24,0
7 3,5 28,0
8 4,0 3 2 , 0

9 4,5 36,0
10 5,0 40,0
11 5,5 44,0
12 6,0 48,0

■ -
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ill. Presentation of the A r r e w Nitrogenous Fertilizers 
C ompIe x :

The Arzew Nitrogenous Complex comprises :

3.1- Units operating since 1969
3.1.1. Ammonia Unit : with a capacity of 1000 tons c day

"Chernies" Process.
3.1.2. Nitric Acid Unit : 400 tons day 100

Acid - " C h e m i c o " Process.
3-1.3. Ammonium Nitrate Unit : 500 tons day

"Chemico" Process.
3.1- 4- Urea Unit : with yet no conclusive results after

starting tests.
400 tons day "Chemico" Process.

3.1.5- Necessary utilities and offsites :

3-2. Units due to start soon
3.2.1. Ammonia Unit : with a capacity of 1000 tons day

"KeI Iog" Process .
3-2.2. Two Nitric Acid Lines : 400 tons.day x 2 ac 1ds

at 100 %
"Chemico" Process.

3.2.3. -20 (twenty) ammonium nitrate I ines : with a
capacity of 500 tons day x 2 
"Chemico" Process.

3.2.4. Necessary Utilities and offsites.

In consideration of the over mentioned processes and 
utilities and the non -treatment of discharges either, 
locally or globally, except for acid condensates which 
are partially, neutralized together with basic condensates 
in a chalk pit pollution, particularly ion ammonium's 
hi Ciders not only the runniong of our complex but also 
that of neighbouring plants, of which LNG, which is the 
most affected in view of the dominant west wind direction.
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The consequence of which direction vehicles the entire 
ammonium ions to their sea-water (S.W.) pumping unit.

I V. Pol lution Sources :

Sea water pollution is due to process condensates on 
the one part because of equipment washing end leaks and 
atmosphere steam on the other part (chimney, ventilator, 
steaming) depending on wind direction.

4.1. Sea water pollution through condensates :
Condensates would contain several impurities contaminants 
name Iy :

4.1.1. the ammonia
4.1.1.1. Ammonia Unit
It is formed at the level of the primary converter due 
to an iron-based catalyst on one part and to an excess of 
steam in the running in order to avoid carbon formation.
II is dissolued in C02 saturated water.

4.1.1.2. Ammonium Nitrate Unit :
The ammonia which does not react i r, the C. 3101 is 
dissolved in the condensates.

4.1.1-3. Nitric Acid Unit :
This plant does not constitute a pollution source in 
ammon i urn 1 on.

4.1.1.4• Urea Unit
During the starting tests, high concentrations of 
ammonia have been observed due to defective operation. 
Being presently at rest, it does not constitute a source 
of pollution. In the future, il would be useful to take 
corrective measures and to avoid any solution purge.
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Compared lo other processes, our plant does not show 
process condensates.
The water resulting from the reaction :
2 NH3 + C02 ------------> ( NH2) 2 CO + H20 * 9

is insufficient for absorption. Therefore it is necessary 
to recourse to topping up water, the latter wi I I have 
to evaporate in the E 4401 evaporator.

4 1.2. Ammonium Nitrate :
4.1.2.1. Ammonia, nitric acid and urea Units :
This set does not constitute a source of pollution in 
ammonium nitrate.

4.1.2.2. Nitrate Unit :
Process condensates in the C 3101 neutraI izor 

4-1.3. Urea :
4.1.3-1. Ammonia, nitric acid and urea Units :
Do not constitute a pollution source in urea.

4.1 •3 ■ 2 . Urea Unit :
Under norma I conditions, whatever the unit working order 
(starting or normal running), we should not have a process 
condensate containing urea or process water due to the 
fact that over-mentioned reaction is insufficient for 
a bsorpt. i on .
This absoiption requires topping up water the excess of 
which will be evaporated in the evaporator.

Thus, this heavy urea concentration in the purges is 
due to the ill mastering of unit bringing on tream.
Before its starting up, it is necessary to take up 
corrective steps 3od to avoid any urea-ammonia solution 
purge t.o the sea.
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4.1.4. Carbonate : see above unsteady element during
its creeping. It may turn to urea-ammonia and C02.

4.1-5- Nitric Acid :
4.1. 5-1. Ammonia Unit : Here, ammonium nitrate and urea 
are not a source of pollution in nitric acid.

4-1-5-2. Nitric Acid Unit : The acid condensates of 
this unit comb ined with those of the utilities are 
neutralized in a chalk pit.

4.1.6. : MethanoI :
It is produced in a substantial quantity in the secondary 
converter, the catalyst of which is copper base.
Then, only the ammonia unit is a source of pollution in 
this product.

4-1.7- The Am i nes :
Ammonia reaction with methanol. Only ammonia unit is a 
source of pollution in this composite.

4.1.8. The formaldehyde :
In small quantity. Only the ammonia unit is a source 
of pol Iution in this product.

4.1.9. The metals :
AM the units are a source of pollution in these pollu- 
ants, name I y sodium, iron, copper, zinc, calcium, magne
sium and s i I i c i u m originating fro m the heat proof catalyst 
of pipes and equipment walls.

4.2. Sea water pollution due to washing and leakage.



4.2.1. Ammon i a :
As to all the units of pollution in ammonia, due to 
washing or leakage, further to a tube breakage or from 
a flange, or to the accidental opening of relief valve.
The washing being done periodically (once a month is, 
the highest frequency) and the leakage in terms of gravity 
they will either be water-tighted at the next shut down 
or shut for repair .

4.2.2. Ammonium Nitrate :
The nitrate unit is the only source of pol I ut i on i :i nitrate 
following plugging and washing of the bottom of tower and 
dry i ng sect i on .

It should be noted that it is the main source of polIu- 
tion in ammonium ions. Then it is recommended not
to use water when washing the nitrate units because the 
nitrate solution corrodes the foundations and increases 
the embrittlement of the equipments and lines, the 
materiel of which is carbon steel or a low alloy base 
such as in the steam I ines.

Furthermore, in addition to increasing air moisture for 
a same temperature, washing reduces the evaporation of 
nitrate in the atmosphere and increases the air water 
absorption by nitrate.
This phenomenon is the cause of plugging problem.

During the washing, air moisture is about 100%, this 
increasing at that rate the difficulties in plugging.

4.2.3* Urea :
The urea unit is the only source of po!Iution in urea, 
notably when washing the bottom of tower and drying 
sect i on.
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It was not possible to IoI Iow the intensity and 
regularness of this problem since all the tests done 
were unconcI usive.

4.2.4- Nitric Acid :
The acid unit is the only source of 
acid, due to leakage.
It is an accidental po I Iution which

4.2.5. Conclusion :
In all units, pollution due to leakage is accidental 
and entails a shut down of said unit.
However, nitrate and urea pollution, probably due to 
washing and plugging following an increase in relative 
air moisture, itself a consequence of a big water use, 
i s i mportant .

4.3. Sea water polIution by atmosphere :
Depending on wind direction, the atmosphere contributes 
to sea water polIution through chimneys, venti lators 
and steam transmitters .

4.3- 1. Ammon i a :
4.3.1.1. Ammonia and nitric acid units :
These units do riot constitute a pol I ut i on source.

4.3.1-2. Ammonium nitrate unit :
In ammonia steams released by the E 3201 dehydrator and 
those drawn with the air by the ventilator of the 
granulation tower.

4.3- 1.3- Urea unit :
In ammonia drives released from the B 4201 tank breather 
plug of the C 4202 absorber and the chimney placed at 
the outlet of the E 4204-

pollution in nitric

enta i Is st opp i ng .
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4-3.2. Nitrate :
Only the nitrate unit is a source of pollution in 
nitrate. The nitrate dusts are carried along with the 
steam to the dehydrator E 3201 together with the air 
released by the venti lators of the granulation tower 
K 3201 and the cool ing venti lators K 3204-

4.3.3. Urea :
Only the urea unit is a source of pollution in urea.
The urea dusts are carried a Iong from the dehydrator 
E 0403, the vent i lators of the K 4402 granulation tower 
and those of the K 4404 coolers.

4.3.4. Nitrogen monoxyde and dioxyde (N0.N02) :
Only the nitric acid unit is a source of pollution in 
N0.N02 through the chimneys located behind the absorp
tion t ower.
Has a negative effect on the animal reign, acts notably 
on ozone playing the role of screen to the ultraviolet 
rays .

4- 4. Atmospheric pollution :
Depending on wind direction and on turbulence, air 
pollution contributes either to marine pollution as 
shown in 4.3. or to its own pollution - ref. to par. 4-3 
for the sources of pollution.

V . Treatment of the pollution problem :

Treatment of the global discharge :
5- 1. Treatment of the global discharges :
In view of the huge sea water volume discharged, this 
treatment is real istically impossible.
Moreover, comparison of tables 2 and 3 shows that the 
treatment of global discharge is :
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a) Technically impossible : no available technology 
fitted for so low concentrations as shown in table 3-

b) Economically impossible : high cost,table 2 shows 
the methods of treatment together with the corresponding 
cost as wel I as the level of residual poI Iuant after 
treatment, table 0 3  indicates the rate of pol lution in 
sea water as to ammonium ions :

If should be noted that even when the pollution rate 
reaches its maximum value, that is to say when all 
the running units with a wind direction favourable to 
pollution, five to six times bigger concentration than 
those indicated remain too low for the available techno
logies.

5 - 2.Treatment of the effluents, source of pollution per 
type :
This method encounters the above-mentioned 
difficulties.

5.2.1. Condensates recovery :
To use it as boi ler water seems economical ly impossible 
in consideration of the low volume comparatively with 
the freshening facilities and the operation cost.
An economic survey is necessary before taking any action 
whatever.

5-2.2. The pollution products are not always recoverable.

5.2.3. The technologies such as the biologic treatment 
units are difficult to handle and operate at very low 
concentration rates only.

5.2.4. The handling cost of big volumes is often very 
high.
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5.3- The use of polluted waters in the artificial 
meadows (prairies) :
Aftractive solution. We should look at the availability 
of thearea, if it is not used in other projects.

For such a solution, the recoverable waters are :
a) condensates, wash water and purges.
b) rain water

In cons i derat i on of the technical difficulties linked 
to the running of the units and to the volume ¡imitation 
we must provide for other make up.

5.4- Improvment of process on the level of the units 
such an opt i on requ i res :
a) setting up of new equipments
b) working in the most absolute conditions which is not 
always possible.
c) an adequate zone of storage where the losses are 
inevitable (eg. nitrate and urea drying zone).
This type of pollution elimination when acting on the 
process, presents the foilowing advantages :

- available technology
- more economical than the global 3.W. treatment and
re I ative I y close to the treatment per type of effluents
- savingTindustria I water consumption with the use of 
process condensates of the nitrate and ammonia units.

VI . Description of the various technologies adapted 
to the el imination of ammonium ions :

6.1. Biochemical process :
In this process, the ammonia nitrogen is eliminated in 
two phases with the property of bacteria.
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PROCESSES FOR THE DISCHARGE TREATMENT 
AND THEIR COSTS FOR FERTILIZERS PLANTS

TABLE 02

plant process of +■. eating i nvestment i n
US $ (**)

d i scharge 
debit CU.M/h

concentra
tion result 

Mg/I
annua 1 operating 
costs US $

ammon i o

ammon i a condensate 
stri pme nt 217 920 63-4 25 NH3-N 243-660
i ntegrated conden
sate stripment NH3 112 700 63-4 25 NH3-N 144-135
biological treatment 
n i c r i f i cat i on 110 000 98.7 5 NH3-N 

5 NH3-N 55 950
ammonia condensate 
air stripment (") 96 600 63.0 JO NH3-N 23 415

urea urea hydrolises 231 000 15.0 50 NH3-N 
100 0RG-N 198 910

ammo.) i a
nitrate

ionic exchanger 580 000 228.6 40 NH3-N 
40 N03-N 418 000

biologic treatment as for ammonia treatment by biological process
nitrate discharge 
t reatment 132 020 18.2 - 57 585

('rO Does not fit with our case. Air emission of NH3 penetrates into the sea in the 
concluding stage.

All the data are those of august 1971 • Data source: Env i ronmenta I Protection Agency U.S.A.



TABLE 03

IONS LEVELS (NH4+) IN SEA WATER 
DISCHARGES OF CEA -  Z

SUMMARY TABLE OF NH4+ IONS IN SEA WATER U. 90

DATE TIME PUMP-ENTRY OUTLET/D!SCHARGE

19 1 1 .78 14 00 0 .736 (Mg/1 ) 1 .368 (Mg/ I)

20 1 1 .78 1 0 00 0 . 4 0 0 3 .554
2 1 1 1 .78 09 00 0 . 9 0 0 1 . 4 0 0
2 2 1 1 .78 14 00 1 . 1 0 0 1 . 5 0 0
23 1 1 .78 08 30 1 . 0 0 0 1 . 4 0 0
25 1 1 .78 1 0 30 0 3 o o 0 5 0 0
2 6 1 1 .78 14 00 0 4 0 0 2 . 8 8 0
2 8 1 1 .78 1 0 30 0 5 0 0 0 . 7 0 0
29 1 1 ■ 78 1 0 05 0 340 1 . 0 0 0
30 1 1 .78 08 30 0 8 0 0 1 1 0 0
0 2 1 2 .78 1 0 00 0 2 7 0 1 . 0 0 0
03 1 2 • 78 09 00 0 400 0 .400

05 1 2 .78 1 2 00 0 0 5 0 0 . 2 0 0
07 1 2 .78 1 0 00 1 300 1 . 8 0 0
1 2 1 2 .78 15 00 0 1 0 6 0 .422

1 6 1 2 78 1 0 00 2 750 4 . 0 0 0
23 1 2 78 1 2 00 0 0 5 0 0 .400

to on 1 2 78 1 0 45 0 1 0 0 0 . 5 0 0
2 6 1 2 78 1 0 00 0 2 0 0 0 .450

27. 1 2 78 1 1 0 0 0 158 0 6 3 2
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in a first phase, the ammonia nitrogen is oxidized 
in nitrite then in nitrate under the effect of nitrifying 
bacteria in aerobian medium (environment) ;pitrification 
process,

In the second phase, the nitrates are turned 
and nitrogen. This process is performed in a 
non-oxygenated environment (anoxy phase), the 
using the oxygene contained in the nitrates : 
cation process.

nto nitrite 
I ow or 
bacter i a 
den i tr i f i-

These effluents containing no carbon organic products, 
we must add to it a carbonacious product, for eg. 
methanol with 4/5 g/g nitrogen.

This biological process dees not seem indicated in 
consideration of :

a) High ammonia ions concentration may have sometimes 
a toxic effect over the bacteria.

b) energy and make up carbonacious products consumption 
would increase the operation cost.
c) Uneasy control due to different ammonium ions 
concentrât i ons.

6.2. Ammonium ions retention in ion exchanger resin.

The ammonium ions can be maintained in a cationic 
exchanger by nitric acid regeneration.
Thus, we obtain a nitrate solution. The ammonium ions 
are not eliminated in this process, which enables to 
concentrate them For future use.
This process could be completed by the use of an 
anionic resin where the nitrate ion will be hold back.
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The regeneration will be done with ammonia and then we 
get a second ammonium nitrate solution.
To hold back urea, we must first make a hvdrolyse before 
tts passage on the resins.

6.3- Stripping process :
Stripping wi I I be done either with air or water, 
for a high ammonium ion elimination, the PH of the 
effluent must be increased under normal conditions, 
stripping does not eliminate urea.

A new stripping process allows simultaneous hydrolyse and 
urea making which is done at substantial ly high tempera
ture and pressure.

6.4. Other processes allowing an elimination of 
ammonium ions and urea :

6.4- 1. Urea oxydation by hypochlorite : NACLO.

Co (NH2)2 + -3 N a OCL ----- =>
Co2 + N2 + 3Nacl + 2H20

This reaction consumes a big quantity of hypochlorite.

6.4- 2. Ammonia oxydation by chlorine.
Here also the chlorine consumption would be important.

6.4- 3- Use of ammonia waters as water in the artificial 
meadows (see 5-3)-

VII. CONCLUSION :
It is not so easy to el iminate nitrogen from the effluents, 
lit should be noted that stripping is not enough and 
therefore should be completed by treatment on ion 
exchanger resins depending on projects and water avai la- 
b i I i t i es.
Then, the use of ammonia waters in the artificial meadows 
is the best solution.
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LIST ОГ PIRTICIPAHTSi
не. Ш 5 cokpaht/a m r x s s A COUMTRT JOP
1. Sr. Sunk Skirabtk Mlalstry of Environment, 

P.O.Box 1799 » Aaaan ( Jordan
2. Mr. H u t u  Skt'Ska't Jerdaa fertiliser Co ( JTI ) 

Jerdaa
3. Or. All ihatd Shyoukh Arab Potash Ceapaay , Jordan
k. Mr. Arthtd Al-Saleh Sandl Arabia fertiliser Ce» 

SAPCO » Saudi Arabia
Pollution 
Cont. Coor
dinator

5. Mr. Mohamed AMI Hada Saudi Arabia Tertiliser Co » 
SAPCO • Sandl Arabia

Laboratory
Supervisor

6. Mr. Abdul Mokasla Aidons A1 Joball Fertiliser Co. 
Juball Ind. City ftO.Box 1̂ 7* 
Saudi Arabia

Chemical Xng.

7. Dr. Mohamed Atfeh Ministry of Industry . Syria Consultant» 
Minister of In

8. Mr. Mandouh Kishi The General State Coupany for 
Fertiliser , Syria

9. Mr. Maaa Ras had State Xnterprise fer Pert. 
Iraq

Head of Vater 
Treatment Plant

10, Mr. hoe sain T1 niisnsij State Organisation of Ind. 
Design A Const • Iraq.

11. Mr. Кanal Turki Mohaaod Ministry of Oil • Organisation 
ef Pet. Refinery • Iraq

Prod Mgr. 
in the north gas 
Admin • Kirkuk

12. Mr. Keith Duns Qatar Fertiliser Co. 
P.O.Box 10001 , Van Said 
Qatar

Chief Prooess 
Engineer

13. Mr. Mehaaed Al-Baker Qatar Fertiliser Co. Qatar Prooess Eng.
1*. Mr. Fshed Fahmi Petraohsuloal Industries Co. 

Kuwait
Area Prooess 
Eng •

15. Mr. Mohaaod Tadakan P.I.C. Kuwait Senior Analyst
1 6 . Mr. Seal Assi The Gea« Directorate of Ind. 

Min. ef Industry A Petroluun 
Lebanon

Chemical Eng.

17. Or. Paohaiyapan Fertiliser Asseolatien of 
India » Hew Delhi India

Direotor
18. Mr. Meetafa Badr XI-Dia Potrooheuloal Industries 

Consulting Offioe , Kuwait
General Manager

19. Mr. Ahdul Raouf Hada Potroohsuloal Industries 
Consulting Offioe » Kuwait

Senior Eng.
20. Mr. ?• Geessena AmafiUer Co, Holland Brink Mist Eli

minator Speo •
21. Mr. Jaa Tea Bosoh Anafllter Co. Holland Middle East 

Sales Manager.
22. Mr. Helas Dieter Sehaider/ Ckeal-Llns АО» Austria
23. Mr. Trunos Oraaelll Sna^regetti • Italy Manager Inerga-

uio Prooess
2k. Mr. Giuseppe Closerolii Sna^pregetti » Italy
25. Mr. X<11 Holts Norsk Hydro » Howway Took. Consult.
26. Mr. Jeaa-Leuls Cerhlaa Meehin » Belgian Head of Propo

sal Dept •
27. Mr. Paul Rudheok Haider Topee » Beanark
28. Mr. Reinhard Andera Lurgi Cheale» Frankfurt Manager .us •

V. О* лишу Development
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Coat./ List of Participant*!
Ho. MAKE COMPANT/AMRBSS A COUNTRY JOP
29. Mr. Inge Puottaan Lurgi Gesellschaftea 

Kuwait
Representative

30. Mr. Farouk Al-Maayouf Arab Fodoratlon of Chealoal Secrotary
Fertiliser Produoors 
P.O.Box 23696 Safat, Kuwait

Genoral
3 1 . Mr. Mabnoud Bzzat Arab Fodoratlon of Cboaloal Hoad of Toohni-

Fortlllsor Produoor0 ealATralning
P.O.Box 2 3 6 9 6 Safat , Kuwait Dept .

32. Пг. Ghanim G&sim Arab Industrial Development 
Organisation f Iraq

33. Mr. Ibrahia Slaan Barrati/ OAPBC , Kuwait Senior Eng.
3k, Dr. Ahnad Mabl Algeria
35. Mr. Mahdl All Mourad Stato Enterprise Гог Phosphate/ 

Iraq
Cboaloal Bhg.

36. Пг. Salai El-Khatib Kuwait Oil Co , Kuwait

NAME ORGANIZATION COUNTRY
37. Mro. Afaf Al-Shelae Ministry of Health Bahrain38. Mr. Jalll Zayani Ministry of Health Bahrain
39. Пг. Mobaaaod Al 'A ttal Ministry of Health Bahrain
kO. Mr. Fabobi Safar All Kuwait Oil Co. KuwaitAl. Mlos. Obaida Bon Nikhl Ministry of Oil Kuwaitk2. Mr. All Salem Bahrain Potroloua Co. Bahrain
3̂. Mr. Shebab Shebabl Bahrain Potroloua Co. Bahrainkk. Mr. Redba Askar Bahrain Potroloua Co. Bahrain

kb. Mr. Saalb Al-Alavi Gulf Potrocboaloal Ind. Bahraink6. Mr. K. Raghava Nayak Gulf Potrooboaloal lad. Bahrain
kj. Miss. Lanose Al-Bahama /Gulf Potrooboaloal Ind. Bahrainke. Mr. Abdulla Al-Sadab Gulf Potrooboaloal Ind. Bahraink9. Mr. Mobaaaod Sayod All Min . of Coaa A Agrio Bahrain50. Mr. Abdel Habl Habib Min • of Coaa A Agrio Bahrain
51. Mr. Abdul Hussain Bust ani/ Arab Iron A Steel Co. Bahrain52. Mr. Mostafa Sayid All Ministry of Yorks,Power A Yator /Bahrain
53. Mr. Adnan Fakhro Ministry of Yorks(Powor A Yator /Bahrain54. Mr. Salaan Al-Shaikh Ministry of Yorks(Power A Yator /Bahrain
55. Mr. Hasson AL-Aydl Ministry of Yorks,Power A Yator /Bahrain56. Mr. Abdul Rabaan Darvish/kialstry of Yorks.Power A Yator /Bahrain
57. Mr. Adol Al-Tajer Ministry of Yorks(Power A Yator /Bahrain
58. Mr. Kballd Bu-Rashid Ministry of Yorks (Power A Yator /Bahrain
59. Mr. Touslf E . Fakbro Bahrain Sooioty of Bag. Bahrain
6 0 . Miss. loan Al-Ansarl Bahrain Sooioty of Bag. Bahrain
6 1 . Mr. T. Cbaoko Bahrain Sooioty of Bag. Bahrain
62. Mr. J. Titus Bahrain Sooioty of Bag. P.hr. < n
63. Mr. J. Vnrghese Bshraln Sooioty of Bag. Bahrain6k. Mr. Saalr Saffy Bahrain Sooioty of Bag. Bahrain
65. Mien.Raja Al-Zayanl Bahrain Sooioty of Bag. Bahrain
66. Mloo.Asaa Mourad Bahrain Sooioty of Bag. Bahrain
67. Mr. Jerome Luis Bahrain Sooioty of Bag. Bahrain
68. Mr. Sayed Abdul Vanay Bahrain Sooioty of Bag. Bahrain
69. Mr. Adel Mob* d Al-Jalabaa/ BANOCO Bahrain
70. Mr. All GIndy BANAGAS Bahrain
71. Miss. Tarano Isfahan! Bahrain Sooioty of Bag. BahralH
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Cont./ List of Participants i
No. NAME ORGANIZATION COUNTRY
72 . Mr. A'J&lil Merza All Bahrain Society of Eng. Bahrain
73 . Mr. V.A. Vooda ASRY Bahrain
74 . Mr. A.A. Karjcutte RANOCO Bahrain
75 . Mr. Zahra Al-Alavi Min. of Comm & Agric Bahrain
76 . Mr. Sayed Riza Ahmed Core Lab • Bahrain
77 . Mr. Jamil Ahmed University College Bahrain
78 . Mr. Hillary R. Correa Bahrain
79 . Mr. Nizam Kamahiki V&ter Supply Directorate Bahrain
8 0 . Mr. Youauf Ahmed Sayigh/ Municipality Bahrain
8 1 . Mr. R.P. Harriaon Lloyds Register
8 2 . Mr. T.C. Thomaa Bahrain Society Bahrain
8 3 . Mr, Ebrahim Raahed Sada El Vspou Bahrain
84 . Mr. Khalid Al- Nasser Ministry of Finance Bahrain
8 4 . Mr. T.K. Gosvami BANOCO Bahrian
85 . Mr. Jaasim Al-Shiravi BANOCO Bahrain
86. Mr. Abdul Raouf Shoukry UNIDO Representative
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- ̂ j Jx О  |̂'«.<i> JLx 4L* - ̂ 1_r* I I wÜ I ^ v í 4|* 1 I 1 * a»> ^  «U I < J  U  . J  I ¿i J
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ĵ-ns» l̂i*J 1 ̂fcl-*-j ! 1̂ t-Cl»-! I ŵj «до! o  o>iJ I pkl.*jij 1 о |̂1у f̂yt L
? 1 <iL «J p̂ Ip j L u  1 Li Loÿ ^3
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* ââ iJ  1 I JLA u $ l̂ u CJj  l »«h< 1 I * ó L jhJ I rf. i Cy »

ÿ j — у  LlL  jJ J  I I Jla  y  y _ > v J j ÿ  L íy j jJl  i y j   ̂jJ l  j j  1 j *  I t^J J I I jla y

5 J 1 ■■*■«« dL>uâJ I ¿J I <m *l*yizJ I J  1>M y  1* IJ¿> j£ \  iy  y >jS yS>C J L̂ OaJ I I JLA

’ ЛГ^ о1* У  ̂  1
1 i »« 4 J^»-^J 1 I JLA (̂ jí J jJ 1 <C ^  l?«* d-L? l̂ *J 1 !.. «j  4 Jy>-ys ^j-jü (Jj_?»JL»
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л . i, *  ^  1 Lu 6Ú114 L ^  j  j^u j дЛи) 1 j  Lui t ^9 L .  wm «i > 4j U  о J  U  о L é y m  L> ^ p  ̂  I L*
4 , /#' 4
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