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ABSTRACT 
Crude Oil Washing (COW) waste causes pollution, it also leads to give various health problems. 
COW waste is an emulsion of sediments mainly bottom hydrocarbon with water. To convert 
COW waste into useful product, initially COW waste has to be de-emulsified. A research work 
was carried out to de-emulsified COW waste for further processing. It shows that continuous 
thermal treatment able to break the emulsion leads to give de-emulsified COW waste sample. 
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INTRODUCTION 
Crude oil washing waste, i.e. COW waste is a 
washing out residue from the tanks of an oil 
tanker using the crude oil cargo itself, after that 
cargo tanks have been emptied. During COW 
processing, considerable amount of oil getting 
into sea, thus causing the damage to sea 
environment. Previously, oil tanks on crude oil 
tanker were cleaned by water, but this method 
of cleaning increased marine pollution and 
required bigger slop tanks to store leftover 
residue and oily water mixture. In order to 
prevent this problem, a better non pollutant 
way was introduced where in oil cargo of the 
tank itself was used to clean the cargo tanks. 
When oil cargo is sprayed with pressure on 
tank walls and surfaces, the sediments sticking 
to the tank dissolves and converts into useful 
cargo which can be pumped out to the shore 
tanks. This system virtually eliminates the 
requirement of slop tanks on ships and almost 
all cargo can be transferred to the shore. This 
process is known as Crude Oil Washing.1-7 

Exposure to COW waste causing problems like 
irritation to eyes, skin and respiratory system. 
It may cause dizziness, rapid heart rate, 
headaches, confusion and anemia, etc.8-19 
Crude oil washing waste, i.e. ‘COW’ waste is 
very difficult to process. It is black in colour, 
solid at room temperature, sticky in nature and 
when heated it form the foam with trickling 
sound. During   heating the  temperature  does  

not able to cross 1200C, even when strong 
heating is provided (Dimmerstat reading 200-
220 kV and with heating coil of 2 KW), 
indicating that COW waste is in an emulsion 
form. Literature survey also indicates that the 
COW waste is an emulsion of sediments 
mainly bottom hydrocarbons with water. To 
convert COW waste into useful product, 
literature survey was carried out, very less data 
is available for COW waste.4, 5, 8, 13, 19, 20 
As COW waste is solid at room temperature 
and liquid at 600C indicating it consists of 
heavy hydrocarbons and waxy material.  

AIMS AND OBJECTIVES 
To convert COW waste into useful products 
initially de-emulsification of COW waste is 
essential. Hence, it is an aim to de-emulsified 
the COW waste. 

MATERIAL AND METHODS 
To de-emulsified COW waste, following 
experimental techniques are adopted : 
a) Characterization of COW waste, 
b) De-emulsification of COW waste, 
c) Dehydration of COW waste, 
d) Characterization of de-emulsified and 

dehydrated COW waste sample, 
This work has to be carried out in laboratory. 
Initially glass reactor was used for de-
emulsification but abnormal behavior of sample 
i.e. foam formation, trickling sound with sudden 
out spraying of material indicate that this reactor  
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is not safe.21 Hence, stainless steel vessel is 
adopted.  
Characterization of COW waste 
As COW waste is solid at room temperature 
and liquefied at 600C, it put restriction for its 
characteristics like viscosity determination. 
Viscosity is determined by using Redwood 
Viscometer  no. 1 at 800C. Similarly for 
specific gravity determination, it is carried out 
at 800C. Again water content is determined by 
using Dean and Stark method. Feed is 
characterized by using following IP/ASTM 
methods.2,22-25 
a) Density, specific gravity, API gravity 

(800C), 
b) Aniline point, Diesel Index, 
c) Conradson Carbon Residue (CCR), 
d) Viscosity by Redwood viscometer (No. 1), 
e) Water content by Dean and Stark method, 
f) Flash point (Cleveland Open Cup). 
De-emulsification of COW waste 
The characterization of COW waste shows that 
it consists of more than 12.5% water. This is 
the free water associated with sample. Again 
foaming nature and temperature sensitivity 
indicates that sample is in an emulsion form. 
Hence before going for any processing, de-
emulsification is essential. De-emulsification 
can be carried out by using chemical treatment 
or heat treatment.26,27 In this work, definite 
quantity of sample was taken into stainless 
steel pot and it is heated for 1 hours with 
continuous stirring with RPM 400-500. The 
sample show maximum temperature 1200C for 
3-4 hour, after that the temperature of sample 
get suddenly rises at same heating condition 
indicating that sample is de-emulsified.28,29 

Dehydration of COW waste 
As sample consists of free water as well as 
water is in emulsion form. To remove this, de-
emulsification is followed by dehydration of 
sample. During de-emulsification process free 
water get removed. But after de-emulsification 
to remove emulsified water further heat 
treatment is carried out at 1300C for 3-4 hours 
with continuous stirring at RPM 400-500. This 
ensures complete dehydration of COW sample. 
(To check water content, this sample subjected 
to the respective test)30,31 

Characterization of dehydrated COW waste 
sample 
The dehydrated COW waste sample is 
characterized for all testing as per IP/ASTM 
norms. 2,22-25,32,33 
Density, specific gravity, API Gravity (800C), 
Aniline point, Diesel Index, Conradson carbon 
residue (CCR), Viscosity by Redwood visco -
meter No. 1, Water content by Dean and Stark 
method, Flash point (Cleveland Open Cup). 

RESULTS AND DISCUSSION 
Following operating parameters are used for 
the research work. Type of vessel = Stainless 
steel vessel, Capacity of vessel = 4 liter, Feed 
used = COW waste, Quantity of sample taken 
= 2 liter, Heating device = Electrical device 
with 2 KW coil, Temperature controlling 
device = Dimmerstat, Stirring rate = 400-500 
RPM. 
Specific gravity of sample after de-emulsified 
and dehydration is less as water get removed 
from sample hence decreasing the specific 
gravity (Table 1). 

As API gravity =  141.5
Sp. Gravity

 – 131.5 

Thus, specific gravity decreases, API gravity 
should increases. 
Same trend is observed in this case also. 
Viscosity of an emulsified sample is more than 
de-emulsified sample because this is the basic 
property of an emulsion to raise the viscosity 
but as an emulsion breaks, hydrocarbon 
molecules get separated hence decreasing the 
viscosity. 
Here flash point is nearly same, but slight 
decrease in the value of flash point of de-
emulsified sample indicates that hydrocarbon 
molecules get separated from emulsion. 
Aniline point is an indication of aromatic type 
of hydrocarbon associated with the sample. As 
feed as well as de-emulsified sample both 
contains same amount of aromatic hydrocar-
bons hence aniline point is nearly same. 
As diesel index = C .A.

100
 

Where, C = API gravity, A = Aniline point, 0F 
Here aniline point is nearly same but variation 
of API gravity is at higher side for de-
emulsified sample which increases the diesel 
index of de-emulsified/dehydrates sample. 
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Table 1 : Comparison of properties of feed sample, de-emulsified and dehydrated sample 

S/N Properties Feed sample 
De-emulsified 

and dehydrated 
sample 

1 Specific gravity 0.9431 at 
(800C / 800C) 

0.8609 
(800C / 800C) 

2 API gravity, 0API 18.5337 32.8628 

3 Density, gm/ml 0.8566 (800C) 0.7819 (800C) 

4 Viscosity, cSt, at 400C 
220 Redwood Sec. 
(by RW no. I) at 

800C 

151 Redwood Sec. 
(by RW no. I) at 

800C 
5 Flash point, 0C, min. (COC) 168 165 

6 Aniline point, 0C 94 95 

7 Diesel index 37 66 

8 CCR, wt% 4.17 4.59 

9 Acid value, mg of KOH/gm of 
sample 1.86 1.74 

10 Saponification value, mg of 
KOH/gm of sample 9.13 4.74 

11 Calorific value (kJ/gm) 35.4995 38.3487 

12 Water content 
12.5% 

by Dean and Stark 
method 

Traces 
by Dean and Stark 

method 

Conradson carbon residue test i.e. CCR should 
be below 1% but higher values indicates that 
feed consists of more amounts of asphaltic and 
residual carbanion materials. Again increase in 
CCR values of de-emulsified sample indicates 
the basic characteristic of water. As presence 
of water i.e. steam reduces the coke formation 
and deposition tendency. In de-emulsified and 
dehydrated sample water is note present (very 
negligible) hence, it gives more value of CCR. 
Decrease in acid value and saponification 
value indicates that the acetic component and 
soap forming component get reduces during 
dehydration step. 
Increase in calorific values also indicates that 
presence of water reduces the calorific value as 
a whole, but removal of water, increases the 
hydrocarbon quantity in sample which 
increases the calorific value. 
Lastly, water content in feed sample is               
very  high.  As  COW  waste  is an emulsion of 
sediments, hydrocarbons and water. After de-
emulsification  followed  by dehydration water  

get removed. Hence, water in de-emulsified 
and dehydrated sample is negligible. 

CONCLUSION 
This research shows that chemical treatment is 
not able to de-emulsified the sample but heat 
treatment do the work. A continuous heating at 
3-4 hours with stirring able to de-emulsified 
the sample. 
Decrease in specific gravity and viscosity 
values indicates that sample is de-emulsified. 
Again water content in feed sample is 12.5% 
but after de-emulsification and followed by 
dehydration the water content reduced to 
negligible level. This is also confirmed by 
CCR values. The values of aniline point 
indicates that the hydrocarbon nature does not 
get changes after de-emulsification but 
increase in calorific value and decrease in 
viscosity and flash point values of de-
emulsified sample indicates that hydrocarbon 
get separated from an emulsification stage. 
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Thus, from this, it can be concluded that 
continuous heat treatment to COW waste able 
to de-emulsified the sample. 
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