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ABSTRACT

In this study two case histories are presented, one for the control of liquid
effluents from a refinery plant and the other for the control of gaseous
effluents from a fertilizer plant. Ineplant control, that is control at source of
pollutants) is being emphasized as being the most important one to abate
pollution from industrial production plants to protect the surrounding enviromment,

It is the responsibility of industrial policy makers and plant managers to
maintain close control of their operations. Control measures recommended
for adoption include the following methods:

a) Engineering and process design consideration;
b)  Recovery and utilization;

c) Local treatment;

d)  Good housekeepings;

e) Effluent treatment.

The above methods are to serve as guide to management of chemical industry
in developing countries so as to avoid making the same mistakes as industrial
countries have made in the past.

TNTRODUCTI ON

In industry generally two main approaches to the problem of
pollution and envirommental damage warrant careful examination.
One is the development or adoption of new technologies which reduce
pollution and other undesirable gside-effects; the second is the
location for new industrial plants in areas where there is not
already a large concentration of industry and the envirorment
therefore retains ite capacity to absorb and dispose of pellutants,
UINIDO in its prorramme to assist developing nations with their
programme of industrialization has and is giving consideration to
these matters which require the attention of policy makers and
industrial management.

In this paper, both corrective and preventive measures are
discussed as main strategies for environmental manarement to be
purrued within an oresanic chemical producine plant and inorpanic

chemical producing plant,
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Pollution Control in the Refinery Industry
A= earlv as 1928 the American Petroleum Institute orpanized

the firet techniral committee on waste disposal, Tater in 19130 thin
committer was renlaced bv a committee on disposal on refinerv wastes,
which promptlv initiated an apressive plan of action for the
accumulation and dissemination of water pollution control, Manuals
were nublished On pood practices on waste water containing oil. The
latter contained desism information on the APT o0il water separator.
The committee also snonsored research project at the University

of Wisconsin, The result of these research findings was the basis
on the design of the gravity differential type oil-water senarator,

The waste disposal problems confronting the refinery arec
those of the control of pollution “w free and emulsified 0il, hoth
aridie a1 alkaline chemircals; taste and odour producing and toxic
constituents and those materials exerting both an immediate and
bio-chemical oxypen demand,

The various types of warte orisinate from a multitude nf
refinery processes including fractionating, cracking, polymerization,
isomerization, alkvlation, chemical treating and selective solvent
refining of o0il stocks /see fipure 1, which pives a simplified

presentation of the orirsins of wastes within a refinery Ref,(1)

Control Methods

The control of water pollution by wastes originating within
a refinery is accomplished by

a) enFineering and process desipning congideration:

b) recovery and utilization;

e)  loeal treatment;

d)  pood housekeeping;

e) effluent treatment.

The ahove measures are all in-plant control mecasures that should

be taken hy plant manarement.




a) Engineering and process design consideration

Under engineering and process design comes the design of a multiple
sewerage and collection system provided to collect clean cooling water
. and storm drainage, thereby separating it from a system designed to collect
polluted process drainage with a third system to collect sanitary wastes.

Surface drainage from enclosed process areas is drained to the process
sewerage system. All other surface drainage is drained to a clean water sewer,
Simple devices such as gravity differential oil-water separators will generally
prevent water pollution by wastes that may be accidentally spilled and obtain access to
the clean water sewerage system.

Cooling water discharges to sewers are reduced to minimum by installing
cooling towers, Pretreatment facilities such as septic tanks are the minimum
provided for sanitary wastes.

The use of dirty water collection systems for basically different types of
wastes occurring within a unit is a common practice, Dirty water recirculation
systems ar cooling towers for barometric condensers and vacuum pumps jets have
reduced water control problems associated with vacuum distillation units., Waste
control has been accomplished by providing surface condensers in place of barometric
condensers for vacuum jet pumps. This applies also to various solvent refining
processes,

Emvision losses at a typical wax deoiling plant have been reduced by the use of dirty
watcr recirculation and cooling tower system, Emulsion accumlation is prevented
by the use of a demulsifying agent,

Furfural which is used as an extracting agent for various petroleum fractions
have to be kept to minimum. Tn order to keep losses of furfural refining units
to a minimum, the use of minimum boiling point azeotropic distillation and phase
separation has been adopted, The recovery system provides for a solvent drying
tower, a stripping tower and a separator with essential appurtenances. The solvent
drying tower produces dry furfural at the bottom and minimum boiling point
azeotrop at the overhead. Upon looking this overhead a phase separation occurs to
produce furfural rich and a water rich layer. The furfural rich layer is returned to
the drying tower as reflux and the water rich layer is pumped to stripping tower,
In this tower steam stripping produces a bottom of minimal furfural content and a
minimum boiling point azeotrop as overhead, This overhead is combined then from

the furfural drying tower (sce fipure 2,),
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Gtenerally the desirm of continuous instead of batch
treatment processes has aided in pollution control by eliminating
peak discharge of wastes., The use of processes which include
rerseneration of the active chemicals for sweetening, hydrosen
sulphide removal and mercaptan extraction may avoid or appreciably

reduce the problems associated with the disposal of waste caustics,

b)  Recovery and utiiizatior

The recovery of sulphuric acid from acid sludpes produced in the
treatment of oils is one food example for recovery and reuse of waste
produced in A refinery. The hydrolysis of sludges produces dilute
black acid, The sludge conversion-contact acid method can produce
white acids of 98-104.5 per cent concentration, Black acids of the
same strength can be produced by feeding weak acids (obtained
by hydrolysis) to the towersc in the place of clean water.

Spent alkylation acid is reused for treating various oils and
waxes and is regenerated in local and outside acid plants.

Some refineries adopt a chemical flocculation plant using
aluminium ~hloride as a coagulant that has been recovered from
aluminium chloride-hydrocarbon sludre. The hydrolysis of the
sludge produces aiuminium chloride, hydrocarbon and benzol.

Each component will be recovered and utilized.

Water treating plant sludge from boiler feed water treatment has
been collected and handled in a separate system and used for the
neutralizatior of acidic waste waters. In numernus cases various tvpes
of acidic and alkaline wastes are combined for mutual neutralization,

Processins chemicals such as phenols, methyl ethyl ketone,
lLlenzol, furtural etc,, lost throurh pumn pland leakase, sample collection,
~nills etc,, are collected in a separate drainage system and sump
and recovered from dilute waste =0lutions, Special stills are

provided for chemical recovarvy and waste control
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Refinerv waste water is separated to remove free oil, clarified
and softened urine lime, soda ash and ferrorninhate, filtered throurh
high rate sand filters,acid treated to control pollution and stabilized
using polvphosrhate, The treated water ic returned to the refinerv
for reuse, The gludege is pumped to 1agoone,

All refineries have s1op 0il recoverv svstems where laree
mantities of 011 originate at a sinFle source, such as two stage

pine stille with barometir conderrers,

Slop oils collected from waste water s~parators and hottoms
of =storase tanks are usually treated hy heating the nresence of an
alkaline treatings apent, In some cares emulsion breaking orpanic
sources ean be appreciablv reducerd bv the uge of precoat vacuum filter for slon

011 treatmert,

c) local treatment

The most commnn?-- adopted loral treatment is thnt of the ure
nf 011 and water geparatore fap sanaration and colection of nil at individual
'mits,  The use o f Jocal senarstare has the advantase that contamination
can be kept to a minimum, therehy decrearing the enst of conditionine the
wasted ~i1 and returning it to the nrocess,

""Mite water" emulsions comtainirg 1-37 011 are nomallv treated
toeally, Thev are formed in the water washing of acid +reated lubricatinge
stork=, The emileions mav bhe treated using heat and calcium chloride.

The water laver g satisfactory for A1 scharre to plant sewers. The
~11 or ~oan laver maken fuel of hirh a-h rortent,

Inete cnustiecs are treated uring various methods, Thore wa-te
conctics hiph in oreanic matter content are usuallv neutralized
t Menrine! the "acid 0i1s" i,n. the rhenolie and naphtenic materialg
Inscluble at nll valne R using sulrhurie acid, Snent alkvlation acid,

h drclised black acid, ard fluid acid eludpes are alao used for
treatmant,  The hvdroren sulphide released in thi~ nrocese is hurred or utiliged
for sulrhiriec arid nroduection,

Ya~te cansties hieh in mercaptans are usuallv regencrated ho

stonm ~tripnine with open steam in a bubble tray column,
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"larte~ eanstics hish in sulvhides are treated by contact with
steam and air and bv <trippins procedures, The sulphides in the
waste canstic contacted with air and steam are converted to thiosulphates,
This type of system operates with 95 per cent conversion,

Condensate waters high in ammonia and hydrogen sulphide are
treated in some cases using steam str:pping{figure 2). A typical system
is shown in "™ipgure i, The ammonia and sulphide appear to exist
in these ~olutione as polysulnhides., These rolysulphider are
deeomposed in the process so that ammonia and hydrogen sulphide are
atrinrned overhead. The overh~ad gases are usnually burned. The
condensate vaters mav be trrated by aeration. Ammonia and small
amounte of hydroren sulphide are released hv the aeration of colloidel
silnhur which i1s rrecinitated, pH contro)l is sometimes needed as
an adjimet to this orncess,

At the fInid ecatalvtic erackine units the nsual practice is to
iniect nart of the eondensate or accumulator waters into the
ratalyst repenrrator pas stream. This can be done before or after
the electrostatic precipitators. The temperature of the pas stream
is hirh t0 destrov the nollntine materialg,

Pherolie waters and waste caustie have =atisfactorily dispnsed
of by iniretion into frrnaces or stacks.

Phosphorie acid ratalvstsg have been satisfactorily handled by dumping into
leach nit covering with water leachine at a slow continous rate by
displacineg water from the pit, draining nf the water and disnoring
of the rentral Kieselpuhr as a fin,

Numerous devices and processes are used in the local treatment
of refinery wastes as one can sre from the above description,

There are manv detailed modifications of varinus basic processes to
fit loeal ~itusticne,

Continvona regsearch is heinr conducted to improve the waste
control faecilities in refineries, Recently the introduction of an
air floatation treatment of refinery waste water was introduced 1o conserve
water and reduce mollution (Ref.3), The svstem was installed between
the primary AP! senaratrrs and imnounding basin of the refinery
vagte water treatment train. f7The Jatter acting as secondary separator
providing one or two day residence time allowing further separation of

emulsified o0il and susnended solids,
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Mr is introduced into the system by saturating a nressurized
stream of water with air, The stream is mixed with waste stream in
an open floatation basin., The pressure release causes an immediate
oversaturation of air in the water. This air in excess of saturation
1s precipitated as millions of very fine boubles having size
range of 20 - 120 microns, Tn processing oil refinery wastes recycle
flow is most widelv used because oil floe tends to he very unstable when
subjected to high shearing forces. With recycle flow the feed water
is not subjected to *iph sheari ng forces after floculaiion has
occurred and this reemulsification is minimized., A larger
floatatian basin is needed then with the recycle flow, but better
performance is obtained then with a split flow in which onlv part
of the feed stream is pressurized because floc can be formed in the entire
feed stream,

The skimmed material from the induced aire floatation
unit averaged about 65 per cent of the feed rate., It responded very well
to centrifuging. All the coagulated oil and solids compacted
at the bottom of the centrifuge., The skimmings from the floatation
unit were also separable by gravity settling. Eventually the floated
material settled due to further coagulation or loss of entrapped air., The
induced air floatation unit averaged 81 per cent oil removal and 71 per cent
suspended solids removal,

d) Good housekeeping

Good housekeeping is most important to cut down pollution,
Operating personnel has to be educated to endeavour to reduce
spilling product to the plant sewers establishing a co-operative relationship
between production and waste control persomnel, This has to be
irspired by management of each plant. Most refineries have an
individual or group responsible for control activities, depending
on the size of the plant. Regular sampling of effluents and their
analysis in special waste control laboratories on a routine basis help
to introduce a waste consciousness at all plant levels, Local
facilities for collection of 1ost products are frequently provided to
ancourage gpod housekeeping and control losses,
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e) Effluent treatment

Most of the refinery wastes pass throush rravity differential
tvpe oil-water separatorn prior to discharge to receiving waters,
Separator designs of various types are availabhle in the nublications of
the American Petrolerum Tnctitute(ref.4) The use of vertical slotted
baffles at the inlet strmicture has rained nr~ference ovepr the
conventional APT inlet structure., The desisn dronlet diameter
should be reduced from 0,07 to 0.013 cm for desipn basis., The
slud~e that accumnlates in these separators is rennrally disposed ag fill,

™M several rases thic treatment alnne wag found tn be inadequate,
Portion of the 0il content nf refinery waste water is nnt
susceptible to pravitv-differential separation and cause taste and
odor, tovicitv and hinchemical nxyren demand. The adoption of treatment
processes ineludes filtration throush sand, floatation and chemieral
floeculation,

The filtratinn nf cenarator efflurnte throurh a pornus maedia
such as «and jia particnlarly applicable t~ ecasrs in which oile nf hircher
speeific pravity are being separted,alternativelv to those cases
in which there is a definite correlation hetween 0il and suspended
50lids content., This nrocess is exnected to be effective in removing
only suapended rolids and oil,

Dissolved air floatatinn processes bnth with and without flocculation
have been used ag already mentioned, The reports indicate that
air floatation aided by coapulant and a coapulant aid such as
activated <ilira i1l produee an effluent conditioning 0il concentration
of 10 pom or less, also reducing the ROD of af) field wastea,

Ac degeribed earlier chemical floen'atinn has heen nsed
for refinery wastan, Renorts indicate at an effinent with average
0il1 concentration of less than & nnm ecan be nroduced,

The sludre nrrduced is dispoard of inte larrang far dryinge
then used for fi1) opr dienosed into incinerator facilities, Ineineration
nan be nececompliched in a single hearth furnace,

Storm waters are collected in a water hacin with a capacyty

to store one year storm 1o peduce nollution durine stomm reriods,




The stored atovm water ic treated along mormal drv weather flow,

The foreeoins illustrates some of +he waste control nrreticen
at retrolemm refineries taken hv indiustrv. There is a continuing
recearch heine carried ont by refineries to studv waetec control
and devieea to brire ahont an ecoromical solution, Tt i~ thin
in=nlant control measures enforced by management in an effopt to
he a rood neishbour and to nreaerve the water resources that have heen

stressed throushout the industrv,

- In-plant Cortrol of Pollution in an Inorganic Chemical Plant

To illustrate the in-plant control work in an inorganic chemical
plant we have chosen the manufacture of phosphoric acid plant coupled with
a triple superphosphate fertilizer plant.

There are presently a large number of these plants under construction
in developing countries having indigenous phosphate rock.

As the fertilizer industry utilizes well over half of the phosphoric
acid produced, we have chosen the classical dihydrate "wet phosphoric
acid" process from which the major contaminant to the enviromment is
gaseous fluorine,

The estimated total world production of phosphate fertiligers will
reach 32,49 million tons (ref.S) in 1977/78 using phosphate rock containing
between 3 - 4.5 per cent fluorine by weight,

There are three major pollutants discharged from phosphoric acid
production plants;

1)  Fluorine compounds in tail gases;

2) Calcium sulphate, so-called phosphogypsum;

3) Phossy water and other wastes which occur in comparatively

small quantities,

a) Process design consideration

In the production of phosphoric acid phosphate rock is acidulated with
sulphuric acid, releasing fluorine mostly in the form of silicon
tetrafluorides (SiF'4).About 5 per cent of fluorine is released in the digester




where the reaction takes place. Since silicon tetrafluorides readily
hydrolize to form fluosilicic acid and silica,
3SiF‘4 + 2H20 ——p 2H281F6 + SiO2

fluoride recovery in the scrubbers usually exceeds 95 per cent and in some region
air pollution control regulations make greater than 98 per cent recovery necessary.
When economics dictate fluoride may be recovered as fluosilicic acid for sale,
Two types of scrubbers have been used successfully,

- cyclonic scrubbers using water injection in a cylindrical chamber;

- cross flow spray chambers with packed sections,

The slurry produced in digester is then filtered to remove gypsum formed
which contains about 30 per cent of the fluorides. For every ton of
P205 produced about 5 tons of gypsum is produced as calcium sulphate containing
calcium fluorides, In the newer plants fume exhaust systems have been
installed to remove the dilute fluorine containing gases from this
filtration process.

The filtrate that is phosphoric acid containing 36 - 37 per cent
P205 which for commercial purposes is concentrated to 54 per cent acid.
This concentration is achieved in multiple effect evaporators. In this
evaporation about 40 per cent fluorine is evo’red with the vapours
that amanate overhead in the evaporators.,

The collection of these vapours is accomplished by condensation,
In order to recover the fluorine for the mamufacture of artificial cryolite used
in the electrodes for the manufacture of aluminium, it is necessary to concentrate
these solutions of fluosilicic acid to at least 15 per cent concentration
which is acceptable to the aluminium industry for recovery purposes.
The concentration is achieved by recirculating the scrubbing solution of
2O5 has to be kept below 250 ppm

in the recycled fluosilicic azid solution to be suitable for recovery

fluosilicic acid, Impurities such as P

and production of artificial cryolite., This can be accomplished by
droplet separation and subsequent washing system based on partial condensation
(ref.6).
In the TSP manufacturing process in which phosphate rock is reacted
with phosphoric acid, the fluorides released are collected and first
passed through cyclonic separators to remove entrained dust before

being passed through wet scrubbing facilities: Similarly gases containing

. B




fluorides can be ex'uasted from the green triple superphosphate curing
building and passed through wet scrubbers in which fluosilicic acid solution
is recirculated building up the fluoride concentration to 15 - 25 per cent
concentration,

The proposed envirommental standards by EPA issued to the phosphate

trade (ref.7) limits the emission of fluorides in gases discharged into
the atmosphere as follows:

-~ wet phosphoric acid plants: 10 grms/metric ton of equiv.P2O5 feed,
= triple superphcsphate plants 100 grms/hetric ton of equiv.P205 feed

- green triple superphosphate curing/storage 0.25 grms/metric ton of

equ1v.P205 feed

b) Recovery and utilization

The recovery of fluorine from gases can result in the manufacture

of the following products: fluosilicic acid and fluosilicates, aluminium
fluorides and cryolite, The latter two products are used as flux agents in the
aluminium smelters. At present 30 kg of AlF3 and 30 kg of Na3A1F6 are

needed per ton of aluminium as flux agent. The percentage of Na3A1F6 is
expected to be reduced in the future due to an increased washing out

of fluorine containing waste gases 1n aluminium smelters and their

recovery in the form of NaF,

According to an estimate at the beginning of 1980 the world production of
aluminium will be in the order of 15 million tons and the demand for flux agents
0.6 million tons can be expected,

When the presently used fluorspar raw materials become short in supply
the phosphate fertilizer industry will be able to offer themselves as

an ideal raw material source. (ref, 6)

The fluorine-yield can be increased by recycling of the by-product silicic
acid from aluminium fluoride

H281F6 17 - 30 per cent
P,0c max, 250 mg/liter
N max, 70 mg/liter

50, max, 1 g/ liter

Cl max, 1 g/ liter
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Clear liquid free of suspended material, this acid can be used
for drinking water fluorination but preferably for the production of fluorine

compounds such as

sodium fluosilicate or other sodium fluoride
silico fluorides cryolite
aluminium fluoride hydrogen fluoride
calcium fluoride hydrogen fluoride

The reaction of fluosilicic acid with aluminium hydroxide (Bayer hydrate)
produces primarily a super saturated metastable solution of aluminium
fluoride which is separated by centrifuging from the precipitated silicic acid,
H,8iF, ., 2 A1(0H)3 e A1F3 + 4 H)0 + 810,

AlF‘3 is precipitated as the trihydrate out of the metastable XAlF

solution at increased temperature within 5 hours in crystallizers

3

after the conversion into ﬁmodification of A1F3.'l‘he subsequent drying and
calcination result in the final product of approximately 98 per cent A1F3,
provided the conditions leading to a hydrolisis of the AlF‘3 are avoided,
Thus obtaining quality product, the drying and calcination can be
performed in fluidized calciner which is indirectly heated to about
600°C as designed by Chemie Ling,
The simplest way of utilizing the silicic acid by-product by recycling
within the plant: there are further possibilities to be used by construciion
industry and by the detergent industry,
Phosphogypsum which is produced in large quantities as a by-product
in the production of phosphoric acid (about 5 tons of gypsum for every
ton of P205 produced as acid) has been disposed of in lagoons or by dumping
into the sea, as it is soluble in Sea water,
Attempts to recover the &'Psum have been successful by certain fertilizer
manufacturers located inland where the lack of space prevented lagooning,
Phosphogypsum as a filter cake leaving the phosphoric acid plant
containing about 20 per cent water can be calcined after blending with
coke and clay. This is done to drive off the water of &ypsum crystallization
in the kiln operating between 900° ~ 1000°c temperature. In the Chemie Linz
process calcium sulphate is reduced to calcium sulphide which reaches with the
remaining unchanged calcium sulphate to produce sulphur dioxide and Portland cement,

The sulphuric dioxide gase:, containing 8 ~ 10 per cent 50, after removal of
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solids are used in a sulphuric acid plant as feedstock.

Cement produced in this way contains residual amounts of phosphates
and fluorides. Phosphate content should not rise above 1 per cent in
the clinker;otherwise it will lower the initial strength of the cement appreciably,
Fluorine in the gypsum is released as gaseous fluoride compounds mixed with
the sulphur dioxide kiln gas. Fluorine has to be removed by wet scrubbing
in the gas cleaning section. Fluorine remaining in the clinker has a beneficial
effect because it counteracts the effect of the phosphates by providing
an alternative route by which tricalcium silicate can be formed by way
of fluosilicates, Indeed, calcium fluoride is used as a mineralizer
in cement made from phosphatric lime stone for just this purpose.

Fluorine levels in the phosphogypsum feed have been restricted
to 0.15 per cent (ref.8).

Apart from reutilization of phosphogypsum as cement it can be used as
substitute for natural gypsum after suitable treatment. The biggest use
has been found in the mamufacture of plaster, plaster products for the
building industry and cement additives (ref.9).

Unfortunately phosphogypsum contains a number of soluble and insoluble
impurities which have detrimental effect on the properties of plaster and
it is for this reason that phosphogypsum has not in the past been
widely used as a material for plaster., Soluble impurities such as
mono and di-calcium phosphates and fluosilicates reduce the setting rate of
the plaster. Insoluble impurities such as silica, insoluble phosphates and
fluoride compounds and organic materials which not only discolour the product but
also can delay setting and have adverse effect on the ultimate strength of the
plaster. These impurities occur to lesser extent in phosphogypsum produced from
hemihydrate phosphoric acid plants.

A number of process have been developed to make use of the dihydrate process
phosphogypsum. One of these Processes is the RhOne-Poulenc process in
which phosphogypsum is converted into calcium sulphate ﬁhanihydra'te for use
in the construction industry by fabricating plaster blocks.

Other processes developed by Knauf, ICI and the Giulini as well as
CdF Chimie/Air Industry have been adopted by industry for commercial
operation (ref.4 and 10).




Anong these processes the ICI process was found uneconomic and

production was abandoned,

The above mentioned processes can be identified by the manner
in which the dehydration is affected. This step can be carried out either in dry
or wet phase like in the Giulini process, Similarly the type of hemihydrate
produced is dependent of dehydration; in the dry plate /3 hemihydrate is
produced and in the wet phase (X hemihydrate is the product. The
soluble impurities in the phosphogypsum are removed by washing in
hydrocyclones or floatation from which the phosphogypsum suspension is
filtered or centrifuged to reduce free water content to the lowest
possible level before entering the thermal section in order to minimize
waste of fuel in the subsequent drying and calcination stages. In particular,
the Knauf process used for manufacture of plaster boards has the advantage
of simplicity and low energy consumption,

The CdF Chimie/Air Industry process is capable of accommodating
phosphogypsums of different compositions without modification of the
process or the equipment used. The purification process is carried out in the
aqueous phase at atmospheric pressures by reslurrying the phosphogypsum
from the acid filter. The removal of soluble impurities takes place
in series of hydrocyclones. A lime solution being used to neutralize
the phosphogypsum vacuum filtration produces a solid cake containing
19 - 20 per cent moisture, the filtration being reused in the washing
tanks, The thermal stage of this process is carried out in three
air driers arranged in series, The first unit is for drying the second
for calcining and the third for rehydrating the gypsum. The plaster
produced in this process is particularly suited for use in prefabricated
products as wall slabs, plaster boards and has good mechanical and

physical properties,

c) Local treatment

Effluents bearing a phosphoric acid plant are normally lagooned
or collected in ponds. They are acidic, containing hydrofluorosilicic
acid originating from coolers, barometric condensors and slurried
gypsum lake (if it is not reprocessed). Provisions have to be made

to neutralize these wastes, should the lagoon/pond overflow due to
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unusually high precipitation. Normally two stage neutralization systems with
the addition of lime are required to enable the discharge of such acidic wastes
to public receiving waters. In the first stage neutralization of the

PH of the effluent is increased from 1.5 to 4,0 and in the second stage

the effluent is neutralized to a pH of 6 - 7,

d) Effluent treatment

As mentioned before fluoride containig effluent gases are normally
scrubbed with water or solution of fluocilicic acid to remove the fluorides
from the gas. The gases are wxhausted from the digestor system and
passed through a two stage scrubbing system, Many plants have been equipped with
Doyle scrubbers having an overall efficiency of 97.5 per cent for fluorine
removal, Other plants have used Tellerette packed scrubbing boxes.
Tellerette polyethylene packing has been found particularly suitabic being
self cleaning and having a low pressure drop across the scrubber.
In the manufacture of triple superphosphate (0-48-0) where phosphoric
acid is reacted with phosphate rock again, it is necessary to collect the
vented gases containing fluorine, The exhausted gases from the equipment
such as granulators or setting belts are first cleaned to remove solids
in cyclonic separators, before being admitted to scrubbers. Cyclonic scrubbers
or floating bed scrubbers have been used, recovery fluosilicic acid by
recirculating the scrubbing solution. It is particularly difficult
to maintain the required low P205 content required for the recovered acid to be used
for the manufacture of cryolite.In some cases mamfacturers pemmitted
1.5 per cent max. PQOS concentration for a 15 per cent HZSiFﬁ solution to be used
for that purpose,
In order to establish the possible Yields from this treatment it is
necessary to make a fluorine material balance for the entire plant,.(see figure 3)
In t‘lorida where there is an exceptionally large concentration of
phosphate industry, it is mandatory to present the plans for fluorine treatment
before permission is granted by the state authorities to construct such a

plant at a chosen site.




Summary and Conclusions

As one can see from the aforegoing, each industry has its own particular
problems. The most important aspect of pollution control for a plant
manager and chemical engineer in all industries is in-plant control,

There are several disciplines or measures to control pollution 'ithin

a plant prior to wasie treatment or discharge. Some of these are changes

in the manufacturing processes, material salvage including water reuse

and by-product recovery, good plant housekeeping and collection segregation
and equalization of wastes.
In this paper we have illustrated the problems and some of the solutions
available for the control of liquid wastes from a refinery and the
gaseous wastes from a phosphoric acid plant coupled with a TSP plant.
It is the responsibility of plant management to maintain control
over their operation and production as well as abate pollution to
maintain good neighbourly relation and take the necessary steps not
to spoil the enviromment surrounding the plant.
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Figure 2.
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Figure 4,
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