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GRAVITY OIL SEPARATION IN A CROSS 
FLOW PLATE PACK. 
 
Water containing oil and suspended solids 
passes in horizontal direction between the 
closely spaced plates in the pack. Laminar 
flow conditions are established while the water 

flows across the pack from the inlet to the 
outlet side. 
Laminar flow conditions are essential 
conditions, for the gravity separation of the 
water, the oil and the suspended 
contaminants. 
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In the course of passing from the pack inlet to 
the pack outlet, the oil floats upwards into the 
tops of the corrugations and rises up the 
incline of the plate to the top of the process 
tank, where it is roomed by a skimmer. 
The sludge moves towards the bottoms of the 
corrugations and slides down the incline of the 

plate. From there the sludge falls into the 
bottom of the process tank to be discharged 
intermittently through a blow-off valve. Settled 
sludge cannot re-contaminate the treated 
water stream. 
 

 

 
 
The simultaneous migration of oil droplets into 
the corrugations tops and sludge particles into 
the corrugations bottoms has a major effect 
upon the operation of the separation system. 
 
-in the corrugations tops avery high oil 
concentration is established. This is the ideal 
condition for oil coalescing to take place. 
-in the corrugations bottoms a high sludge 
concentration is established. This is the ideal 
condition for particle agglomeration to take 
place. 
 
Oil droplet coalescing and particle agglo-
meration reduces re-entrainment. Moreover, 
since oil and sludge moves in separate 
directions, but both perpendicular to the flow of 

the water, the danger of particle re-entrainment 
has been completely eliminated in the design 
of the cross flow separator. 
 
DISSOLVED AIR/GAS FLOTATION SYSTEM.  
 
Usually the separation process is carried out 
under atmospheric pressure in open tanks. 
Certain oilfield related applications using gas 
rather than air as the flotation medium are 
better performed under pressure or just 
process closed circumstances. 
Emulsified oil consists of oil droplets dispersed 
in water. The movement of these small 
droplets - even though they are lighter than 
water - is not upwards but randomly in all 
directions (so called Brownian movement). 
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In stable oil emulsions, the oil droplets have 
collected either all positive or all negative 
electron charges. The oil droplets repel each 
other and thereby maintain their individual 
integrity. 
 
The removal of emulsified oil from water 
through the combined action of chemical 
flocculation and air/gas flotation is a well 
establis-hed procedure. 
 
Chemical flocculant is added to the emulsified 
oil containing water for two purposes: 
- To strip the electron charges away from 

the oil droplet skin. 
- To form an oil absorbing floc in the water 
 
The following materials are used as chemical 
flocculants: 
-  Simple inorganic electrolytes such as 
 Al2(SO4)3 and FeCl3. 
-  Complex organic poly electrolytes. 
-  Combinations of inorganic and organic  

electrolytes. 
 
Air/gas flotation is used because the density of 
the oil rich floc termed by the flocculant is very 
near the density of water. Adding air to the floc 
reduces the overall density of the floc, thereby 
making it easy to remove in a gravity 
separator. 
 
If influent of free oil concentrations in excess of 
2% are expected, a gravity separator removing 

free oil should procede the dissolved air or gas 
flotation or flocculation/flotation process. 
 
TYPES OF OILY IMPURITIES AND THEIR 
SEPARATION 
 
The oily impurities in the waste water from 
refineries and other oil processing operations 
can be present in different forms: 
 
Free Oil 
 
Free oil rises to the surface of the water in 
which it is contained. The rising rate of the oil 
is mostly a function of the oil droplet size; the 
larger the droplets, the faster they rise. 
Free oil is the most common and usually the 
predominant oily impurity in waste water from 
oil processing operations. Usually more than 
95% of the oil droplets in a mixture of water 
and free oil are larger than 40 microns in size. 
 
Free oil is most economically removed in a 
gravity type cross flow corrugated plate 
separator. 
 
The oil concentration in the effluent from this 
system is generally 10 to 15 mg/l, provided 
there are no emulsified and/or dissolved oil in 
the influent. 
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Mechanically Emulsified Oil 
 
Exposure of a free oil/water mixture to severe 
turbulence will break the oil up into very small 
droplets ranging in size from 10 to 40 microns. 
Oil droplets in this size range are usually 
classified as mechanically emulsified oil. 
 
In the processing of oily waste water, 
centrifugal pumps, flow restricting orifices, 
short radius elbows and all appurtenances 
generating turbulence should be avoided 
where possible, so as to avoid the formation of 
mechanically emulsified oil. 
 
The most economic method to remove 
mechanically emulsified oil is in a type 
dissolved air/gas flotation system. 
 
The oil concentration in the effluent from this 
system is generally 10 to 15 mg/l, provided 
there is no chemically emulsified oil and/or 
dissolved oil in the influent. 
 
Chemically Emulsified Oil 
 
Chemically emulsified oil droplets are less than 
1 micron in size. They do not rise to the 
surface of the water in which they are 
contained, no matter how much rising time is 
allowed. Chemically emulsified oil in waste 
water can usually be traced to high alkaline 
discharges in the waste water system, or to 
high concentrations of detergents. 
 
Before chemically emulsified oil can be 
removed, the oil/water emulsion must be 
broken. This can be accomplished by the 
addition of a Poly Electrolyte solution to the 
water containing the emulsion. Following the 
Poly Electrolyte addition, proper conditions 
must be established to complete the reaction 
between the Poly Electrolytes and the oil/water 
emulsion. This is done in a flocculator. 
 
After the emulsified oil has been broken out of 
its emulsion and converted into free oil, it can 
be removed in a dissolved air/gas flotation 
system. 
 
The oil concentration in the effluent from a  

flocculation/flotation system is usually 5 to 15 
mg/l provided the proper emulsion breaking 
Poly Electrolyte are used and provided there is 
no very little dissolved oil in the influent. 
 
Dissolved Oil 
 
Dissolved oil is no longer present in the form of 
discrete droplets. 
 
Short-chain hydrocarbons such as hexane 
have limited solubility in the water, but long-
chain hydrocarbons are practically insoluble. 
 
Aromatic compounds such as benzene and 
toluene, phenol, etc., are quite soluble in water 
and are considered as oil in most analyses. 
 
Specific analyses of dissolved oil removal in 
flocculation – flotation units with dosing of 
coagulant, neutralisation and flocculant, shows 
a possible reduction of average  84 % : 
 

      Inlet waste water      After Flocculation/ 
            Flotation 

 
Benzene 1,5 mg/l   0,85 mg/l 
Toluene  15 mg/l   3,9 mg/l 
Xylene  58 mg/l   5,1 mg/l 
Ethyl Benzene 15 mg/l   1,1 mg/l 
Phenol  3 mg/l   2,6 mg/l 
Naphthalene 4,6 mg/l   1,8 mg/l  
 
 
For oil removal we supply turnkey plants, 
engineering and know-how for systems based 
on cross-flow interception principle or counter 
current principle.  
Through the years, practice has shown that 
essential components of these plants, such as 
Cross flow separators and flotation equipment, 
should be produced by us. 
 
Oil wells may be situated onshore or offshore. 
In offshore operation the available floor space 
and allowable weight of equipment is minimal 
and therefore, the use of a pressure Cross 
Flow to reduce the oil content of the drained 
water can be attractive. 
 
It also makes re-injection of the treated water 
into the formation possible. 
 

 
 


