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This invention relates to a process for reducing the 
sludge-forming tendencies of crude petroleum oils. 

It is well known that on storage certain crude oils of 
parai?nic or paral?nic-asphaltic type deposit a wax-con 
taining sludge, which represents a loss of material and 
which means that tanks on land or on board ships have 
to be cleaned out from time to time. 

In the speci?cation of co-pending application Ser. No. 
476,264, now US. Patent No. 2,951,037, granted August 
30, 1960, there is described a process for treating crude 
oils so as to reduce their sludge-forming tendencies. The 
process consists essentially in heating the crude oil from 
a low temperature to an elevated temperature which varies 
with the source of the oil. Oils which are so treated 
deposit little or no sludge on subsequent cooling and 
storage. By the expression “low temperature,” when used 
above and throughout the rest of this speci?cation, we 
mean a temperature below 100° F. and preferably not 
higher than 70° F. The “elevated” temperature, referred 
to above and throughout this speci?cation, can be de 
termined for the crude oil from any particular ?eld by 
the following test. A sample of the crude oil is heated 
in a pressure tight bomb to 212° F. and is maintained 
at this temperature for one hour. It is then cooled to 
60° F. (If the sample has been freshly taken from a 
well separator or stabilizer the heating step can be omitted 
since its purpose is merely to eliminate any previous 
thermal history of the sample.) The sample (at 60° 
F.) is then divided into a number of portions which are 
heated for one hour to various temperatures within the 
range 60° F. to 212° F., preferably at narrow intervals 
say of 15° F. The portions are then cooled to 60° F. 
and after standing for 12 hours are centrifuged for 15 
minutes (using a machine capable of giving a force of 
1000 G). It will be found that a minimum sludge de 
posit will result in portions which have been heated to 
a certain temperature or temperatures and further por 
tions of the sample may then be heated to temperatures 
at narrower intervals around this temperature or these 
temperatures in order to ?nd more accurately the ele 
vated temperature range corresponding to low sludging 
tendency. 
The following table gives the results obtained in such 

determination on a Middle East crude oil. 

Table 

V011. plercelnt of c s u ge e 
Temperature of ?nal heat treatment, F. posited on 

centrifuging 
at 60° F. 

60 3. 8 
so 3. 6 
95 3. 4 
‘ll 5 3. 3 
130 3. g 
145 0. 7 
160 3_ 8 
17 "1 3_ 8 
H5 2. 6 
140 1_ g 
150 ()I 3 
1 H5 3_ 0 

The tests in the upper half of the table at 15-20" 
intervals indicate that minimum sludge deposition occurs 
after heating to a temperature in the region of 145° F. 
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The further tests at 5° intervals around this ?gure show 
that the optimum elevated temperature is about 150° F. 
and that considerable reduction in the sludge forming 
tendency of the oil occurs if it is heated to a temperature 
in the range 140-150° F. In this case the upper tem 
perature limit ‘appears to be critical since if the heat treat 
ment temperature is increased to 155° F. practically no 
reduction in the sludge forming tendency occurs at all. 
The carrying out of the process economically on a 

large scale presents considerable di?iculties. The most 
obvious source of power for the process is the natural 
gas separated from the crude oil ‘at the well-head and 
the process should in any case be carried out in the oil 
?eld areas if the formation of sludge in ships’ tanks and 
land-based storage vessels is to be avoided. However, 
in many oil-producing countries, for example the Middle 
Eastern countries, the separated crude oil is, during all 
or most of the year, at a higher temperature than 70° 
P‘. which is the preferred upper limit of the low tem 
perature. The oil has therefore, in most cases, to be 
initially cooled before it is heated to the elevated tem 
perature. It is also essential that the oil be cooled, after 
heating to the elevated temperature, to a temperature 
at which it is suitable for transportation or atmospheric 
storage. Furthermore, the provision of furnaces for heat 
ing large quantities of oil represents a considerable capital 
expenditure. 

Thus, although the process can be carried out easily 
enough on a small scale, it has not hitherto been pos 
sible to operate it on an economic basis on a large scale. 
We have now developed a method of carrying out the 

process, which can be operated economically on a large 
scale and in which the whole of the power requirements 
may, if desired, be derived from the natural gases sepa 
rated from the crude oil in the oil ?elds. 

According to the invention, a process for treating crude 
oil so as to reduce its sludge-forming tendency comprises 
heating the oil from the low temperature to the elevated 
temperature by dissolving in the oil compressed vapors 
which have been produced by auto-refrigeration of the 
oil. 
Where the oil from oil wells or gas separators is origi 

nally at the low temperature, it may be heated to the ele 
vated temperature by dissolving in it compressed vapors 
obtained by subsequently auto-refrigerating the heated oil 
so as to cool it to its original temperature. As has been 
previously stated, it is essential to cool the oil ?nally to 
the temperature at which it is in a suitable condition for 
subsequent storage and transportation. 
Where the oil is initially at a higher temperature than 

the low temperature, a condition which frequently occurs 
in Middle Eastern oil ?elds where the ambient tempera 
ture is at most times above 70° F. and frequently above 
100° F., it may ?rst of all be cooled to the low tempera 
ture by auto-refrigeration, the vapors produced in this 
step being compressed and re-dissolved in the oil so as to 
provide some or all of the heat necessary for heating it to 
the elevated temperature. 
The auto-refrigeration of the oil may be carried out in 

?ash vessels operating under vacuum. The vacuum in the 
auto-refrigerators may advantageously be maintained‘by 
means of ‘axial-?ow compressors with interstage cooling. 
Some or all of the compressed Vapors may be passed 
through indirect heat exchangers where some of the heat 
of the vapors is given up to water which circulates through 
a cooling tower. 
The compressors and the pumps required for circulat 

ing the oil through the system may be conveniently op 
erated by gas turbines. Natural gas separated from the 
crude oil at the well-head may be used to supply the power 
for operating the compressors and pumps. 
The invention will now be described by way of example 

with reference to the accompanying drawing. 
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It will besassumed that the plant is being used fortreat 
ing a separated Middle Eastern crude oil under summer 
conditions with an ambient temperature in the region of 
100° F., and that, in order to achieve good results, it is 
desired to cool the oil to 70° F. before heating it to the 
elevated temperature which, it will be assumed, is 140 
150°' F. ‘ 

Crude oil from a well-head gas separator enters by line 
10 and is pumped by pump 11 into the primary cooler 12 
which is equivalent to a single equilibrium ?ash stage. 
Cooler 12 is a vertically mounted cylindrical vessel con~ 
taining a packed section 13 which, in order to achieve a 
low pressure drop, consists of a six~foot depth of serrated 
three-inch slats or other suitable packing. Cooling of 
the oil in cooler 12 is achieved by auto~refrigeration, a 
partial vacuum being maintained by compressor 14. The 
pressure in cooler 12 will have to be adjusted to some 
where below 760 mm. Hg abs., according to the tempera 
ture of the incoming crude oil, so as to cool the oil to 70° 
F. The cooled oil is pumped from cooler 12, along line 
15, by means of pump 16. Vapors produced during the 
auto-refrigeration of’the oil in cooler 12 are drawn o?? 
along line 36 and are compressed by the axial-?ow com 
pressor 14 which consists of a number of stages with 
inter-stage cooling. The compressor is capable of pass 
ing varying quantities of vapor at varying suction pres 
sures. The compressed vapors leaving compressor 14 
pass along valved lines 17 and 13 and are then redissolved 
in the oil passing along line 15. The vapors passing along 
line 18 pass through heat exchanger 19 where they are 
cooled and partly condensed by indirect heat exchange 
with cooling water. Valves 20 and 21 enable the quanti 
ties of vapor passing through lines 17 and 18 to be ad 
justed, whereby the amount of heat in the vapors which 
are passed into solution in the oil in line 15 may be ad 
justed so as to raise the temperature of the oil by the de 
sired amount. It is convenient at this stage to raise the 
temperature of the oil by 10° F, i.e. from 70° F. to 
-80° F. 

The oil in line 15 is ‘further heated to 140°—150° F. by 
dissolving in it vapors from line 22 which are produced by 
auto-refrigeration of the oil in secondary coolers 23 and 
24 which are equivalent to a single equilibrium ?ash 
stage. In coolers 23 and 24 the oil is cooled from 140° 
‘150° F. to the temperature at which it entered the plant, 
i.e. the temperature at which it left the separators. The 
‘coolers 23 and 24 operate in parallel and are similar in 
construction to cooler 12. They are maintained under 
vacuum by means of compressors 25; the actual operat 
ing pressure in coolers 23 and 24 is adjusted in accord 
ance with the degree of cooling required. The vapors 
produced during the auto-refrigeration of the oil in cool 
ers 23 and 24 are compressed by the axial-?ow compres 
sor 25 which consists of a number of stages with inter 
stage cooling and’which is capable of passing varying 
quantities of vapor at varying suction pressures. The 
compressed vapors leaving compressor 25 pass along 
valved lines 26 and 27 and are then passed into solution 
in the oil passing along line 15. The vapors passing 
along line 26 are cooled and partly condensed in heat ex 
changer 28 and the valves 25! and 30 enable the quantities 
of vapor passing through lines 26 and 27 to be adjusted, 
whereby the amount of heat in the vapors which are 
passed into solution in the oil in line 15 may be adjusted 
so as to raise the temperature of the oil to 140—150° F. 
Cooling water for the heat exchangers 19 and 28 is circu 
lated by pump 31 through a cooling tower 32. 
The treated oil is pumped from coolers 23 and 24 by 

means of, pumps 33 and 34 and leaves the plant by line 
35 at or below the temperature at which it entered by 

‘ line 10. 
The plant described is suitable for treating almost any 

crude oil. 'It will be evident that where the oil entering 
the plant is already below 70° F., the primary cooling 
stage may be by-passed. 
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We claim: 
1. A continuous process for treating crude oil to reduce 

its tendency to deposit sludge on storage comprising heat 
ing the oil from a temperature not higher than about 70° 
F. to an elevated temperature above 100° F. by dissolving 
compressed vapors therein which have been obtained from 
said oil, said maximum elevated temperature being that 
temperature at which minimum sludge deposition, by test, 
is deposited, subjecting the heated oil to auto-refrigeration 
to produce oil vapors therefrom, compressing said pro 
duced vapors, and passing the compressed vapors to the 
oil undergoing treatment for dissolution therein to heat 
same. 

2. A process according to claim 1, in which the auto 
refrigeration is carried out in ?ash vessels maintained 
under vacuum by means of axial-?ow compressors with 
inter-stage cooling. 

3. A process according to claim 1, in which natural gas 
separated from the crude oil at the well~head is used to 
supply the power requirements of the process. 

4. A continuous process for treating crude oil so as to 
reduce its tendency to deposit sludge on storage compris 
ing heating the oil from a temperature not higher than 
about 70° F. to an elevated temperature above 100° F. 
and, not in excess of about 150° F. by dissolving com 
pressed vapors therein which have been obtained from 
said oil, subjecting the heated oil to auto-refrigeration to 
produce oil vapors therefrom, compressing said produced 
vapors, said passing the compressed Vapors to the oil 
undergoing treatment for dissolution therein to heat same. 

5. A continuous process for treating crude oil so as to 
reduce its tendency to deposit sludge on storage com 
prising cooling the oil to a temperature of about 70° F. 
by auto-refrigeration, heating the cooled oil to an elevated 
temperature by dissolving compressed vapors therein 
which have been obtained from said oil, said maximum 
elevated temperature being that temperature at which 
minimum sludge deposition, by test, is deposited, subject 
ing the heated oil to auto-refrigeration to produce oil va 
pors therefrom, compressing said produced vapors, and 
passing the compressed vapors to the oil undergoing treat 
ment for dissolution therein to heat same. 

6. A continuous process for treating crude oil so as to 
reduce its tendency to deposit sludge on storage compris 
ing cooling the oil to a temperature of about 70° F. by 
auto-refrigeration, heating the cooled oil to an elevated 
temperature not in excess of about 150° F. by dissolving 
compressed vapors therein which have been obtained 
from said oil, subjecting the heated oil to auto-refrigera 
tion to produce oil vapors therefrom, compressing said 
produced vapors, passing the compressed vapors to the oil 
undergoing treatment for dissolution therein to heat same. 

7. A continuous process for treating crude oil having a 
temperature higher than the minimum temperature value 
desired so as to reduce its tendency to deposit sludge on 
storage, comprising cooling the oil to a temperature below 
about 70° F- by auto-refrigeration, heating the cooled 
oil to an elevated temperature above 100° F. and not in 
excess of about 150° F. by dissolving compressed vapors 
therein which have been obtained from said oil, cooling 
the heated oil to its original temperature by auto 
refrigeration to produce oil vapors therefrom, compressing 
the vapors produced by the auto-refrigeration steps, and 
passing same for dissolution in the oil after the ?rst 
cooling step to provide at least some of theheat required 
for heating the oil from the low temperature to the ele 
vated temperature. 
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