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23 Claims. (Cl. 62-170) 
The present invention relates to a process and 

apparatus for Separating wax from mineral oils 
Such as from petroleum, its residues or overhead 
fractions and from wax-containing lubricating 
oil stocks for the production of lubricating oils 
of low pour point. The invention more particu 
larly relates to a process and apparatus for chill 
ing wax-containing oils in order to obtain a con 
trolled precipitation of the 
Containing stocks. 
In lubricating stocks, especially those of con 

siderable viscosity range or boiling range, there 
will normally be present waxes varying widely 
in characteristics comprising at the one extreme, 
hard waxes of relatively high melting point, such 
as, for example, 150 F. and at the other extreme, 
Soft waxes of relatively low melting point, such 

chilling and also because of their low solubility. 

40 

as, for example, 110°F. Although ordinarily only 
a Small proportion of the total wax content in 
the lubricating oil stock will consist of hard waxes, 
their presence in the waxy stock is very important 
since they have such a low solubility in the solu 
tion of waxy oil and diluent and are usually the 
first type of wax to separate on gradual cooling. 

5 Also because of the low initial concentration in 
the solution such hard waxes are precipitated in 
a very finely divided form on excessively rapid 

show little tendency towards resolution of these 
fine particles and crystal growth. It is, there 
fore, evident that the most critical temperature 
range is that in which the initial separation of . 
Wax occurs because if an excessive number of 
nuclei are formed at this time there is little pos 
sibility of correcting this situation by subsequent 
digesting operations. It is an object of my inven 
tion to control the formation of nuclei during the 
initial stages of wax separation so as to prevent 
formation of an excessive number of such nuclei 
and to permit further crystal growth on nuclei 
formed in the early stages of chilling. 
In general, crystallization of wax is accom 

plished by inducing a Supersaturated condition 
in the solution of waxy oil and solvent employed 
to dilute the oil. This is accomplished either by 
increasing the concentration of the solute by va 
porization or separation of solvent, or by reduc 
ing the solubility by cooling, or both. Some in 
vestigators have shown there is a narrow range 
of concentration and a corresponding range of 
temperature of supersaturation within which free 
formation of new crystal nuclei will not occur. 
in this range of SuperSaturation, Crystallization 
will occur on nucleis already present but forma 
tion of new nuclei will occur to only a very lim 

Wax from the Wax 

· pane. 

phase. 

ited extent, if at all. This range of supersatura 
tion is commonly referred to as the metastable 
range. For purposes of definition, the metastable 
range of supersaturation is that range of super 
Saturation within which crystallization occurs on 
the Surfaces of crystals already present and spon 
taneous formation of new crystal nuclei in large 
amount does not occur. 
As Soon as the metastable range of supersatura 

tion is exceeded, however, a so-called labile range 
of Supersaturation is reached in which rapid for 
mation of new crystal nuclei will occur. Thus, 

0. 

the labile range of Supersaturation denotes a de 
gree of SuperSaturation in which spontaneous 
formation of new crystal nuclei occurs to a very 
large extent. With a slow rate of chilling, the 
rate of crystallization upon the wax nuclei al 
ready present is sufficiently rapid to relieve the 
SuperSaturation and permit crystallization to oc 
cur within the metastable range so that uncon 
trolled formation of new nuclei does not occur. 
With an excessively rapid rate of chilling, how 
ever, the degree of supersaturation exceeds the 
metastable range and this results in the forma 
tion of large numbers of new nuclei and conse 
quent reduction in the average particle size due 
to the production of a large amount of fine par 
ticles which are of a gelatinous or slimy charac 
ter. A wax slurry of this character is dificult to 
separate from the oil solvent solution by either 
settling or filtering. The permissible rate of chill 
ing will, of course, depend not only on the ex 
tent of the metastable range but also upon the 
rate at which supersaturation is relieved by crys 
tallization upon particles of wax already present. 
It is another object of my invention to contro 
conditions and rate of chilling in dewaxing op 
erations within the metastable range of super 
Saturation and to relieve supersaturation by crys 
tallization of wax on wax particles already pres 
ent in the solution. 
In one of the known methods for separating 

wax from oils, the oil is mixed with a hydrocarbon 
solvent, more particularly a liquefied normally 
gaseous hydrocarbon solvent, such as liquid pro 

The admixture is effected under a pressure 
sufficient to maintain the solvent in the liquid 
vaporized under reduced pressure in order to 
effect chilling and precipitation of wax from 
solution. In the case of propane, by reducing the 
pressure down to atmospheric, a temperature of 
approximately -40 F. may be obtained in the 
remaining oil and Solvent Solution. The Wax 
which precipitated during the chilling operation 
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is then removed by settling, filtering or cen 
trifuging. The remaining propane may then be 
removed from the dewaxed oil by distillation. 
In dewaxing lubricating oils by the use of 

liquefied normally gaseous hydrocarbons such as 
propane, it has been found that in batch Opera 
tion the rate of chilling must be very carefully 
controlled because when the chilling is accom 
plished at an excessive rate, a Wax slurry is formed 
which is very difficult to separate from the oil 
and remaining solvent by such means as settling 
or filtering. It is usually found undesirable to 
exceed a chilling rate of about 3' F. per minute 
in the temperature range from about the tem 
perature at which wax begins to precipitate from 
solution or the cloud point of the oil solution down 
to the final dewaxing temperature. However, 
more rapid chilling may more often be carried 
out between the temperature ranges of 0° F. and 
the usual final temperature of about -40' F. 
Preferably, however, the rate of chilling should 
mot be more than 3° F. per minute from the cloud 
point of the solution down to the final tempera 
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ture of -40° F. While such control of chilling 
rate in bath operations is relatively simple and 
can be accomplished readily in chilling by inter 
nal refrigeration merely by drawing off the pro 
pane vapor at a suitably controlled rate. So that 
the pressure of the vapor above the liquid falls 
at a rate corresponding with the desired rate of 
reduction of temperature, controlled chilling 
under the conditions of continuous flow is m0re 
difficult to accomplish because it has usually been 
necessary in the past to employ a definite number 
of stages with definite pressure differences be 
tween each stage. These pressure differences 
correspond with definite differences in tempera 
ture and the tendency is for the temperature of 
the stream to drop immediately, due to flash 
vaporization, as soon as the pressure is reduced on 
passage through the control valve in the line con 
necting the stages. It is thus another object of 
my invention to accomplish controlled chilling 
under conditions of continuous flow and to obtain 
results similar to controlled vaporization of Sol 
vent in batch chilling operations. 
Various other objects and features of my in 

vention will become apparent to those skilled in 
the art from the following description of my in 
vention taken from the drawings. 
I have discovered that controlled chilling with 

in the metastable range of supersaturation in a 
continuous system may be effectively accom 
plished by employing a plurality of chilling cham 
bers operating at succeedingly lower temperatures 
and in which the stream of entering solution of 
waxy oil and solvent to the first chiller and from 
one chiller to the next succeeding chiller is Com 
mingled with a considerable amount of colder 
recirculated solution from the chiller to which 
the entering stream is passed. The mixing is, 
for example, in the ratio of 9 volumes of recircu 
lated solution to one of the entering stream. By 
rapid mixing and thorough agitation of the enter 
ing stream and the recirculated stream, cooling 
of the entering stream is accomplished by mix 
ing with concurrent reduction of the wax content 
by dilution rather than by vaporization of pro 
pane under reduced pressure, so that the metasta 
ble range of supersaturation is not exceeded at 
any time. Of course, the chillers in the series 
are maintained at Successively lower temperatures 
by vaporization of propane at successively lower 
pressures but the actual chilling of the entering 

2,08,118 
stream is accomplished by mixing with colder 
recirculated solution. 
The combined streams are introduced into the 

bottom of the respective chillers and as the mix 
ture flows up the chiller, the temperature is re 
duced by lessening of hydrostatic head at a rate 
not in excess of about 3 per minute. 
The process will be more readily understood by 

the following description taken from the drawings 
in which: 

Fig. 1 represents a general flow diagram of ar 
rangement of apparatus adapted to carry out my 
process; 

Fig.2 represents a modification of arrangement 
of chillers adapted to carry out the process, and 

Fig. 3 represents another modification of a 
series of chillers provided with a Schedule of dif 
ferent, pumps to prevent breaking down of wax 
crystals by attrition as will be set forth in detail. 

Referring to Fig. 1, a wax-containing oil such 
as an S. A. E. 40 waxy distillate produced from 
Santa Fe Springs crude oil is taken from tank 
and is passed via line 2 to pump 3 which forces 
the oil through line 4 and heater 5 and then via 
line 6 into line 7 where it meets a stream of lique 
fied normally gaseous hydrocarbon solvent such 
as liquid propane which has been withdrawn from 
tank 8 via lines 9 and 0 and pump l. Approxi 
nately 4 to 6 volumes of propane are mixed with 
One volume of the waxy oil. The waxy oil and 
liquid propane brought together by means of Sep 
arate pumps are passed through mixer i2 and 
thence through heat interchanger f4, line 5, and 
heater 6 where the temperature of the solution is 
raised to that at which the wax is completely in 
Solution as, for example, 130 F. The mixture 
then passes via line fil through heat interchanger 
8, line 9 and cooler 20 where the solution is 

cooled down to a temperature which is definitely 
above the temperature of the initial separation of 
wax although preferably the temperature may 
be reduced to approximately a few degrees above 
the cloud point of the oil-diluent mixture. Pres 
sure is controlled by means of relief valve 22 on 
line 2. This valve is employed for the purpose 
of maintaining sufficient pressure in the heater 
6 to prevent flashing in the heater. 
The combined stream of oil and propane is 

then led into the bottom of the first of the series 
of chillers 23, 23a, 23b and 23c operating at suc 
cessively lower temperatures. Prior to the intro 
duction of the mixture into the first of the Series 
of chillers, it is commingled with recirculated 
chilled oil and propane from the top of chiller 
23 which is circulated via line 24 by pump 25. The 
resultant mixture then flows through 26 into the 
bottom of chiller 23. 
upper part of this chiller as well as in the Succeed 
ing chillers operating at successively lower tem 
peratures is maintained constant by maintaining 
a constant pressure in the propane vapor leaving 
them. Recirculation from the chiller is desirably 
accomplished in the ratio of about 9 volumes of 
recirculated solution to one volume of the enter 
ing Solution. So that the wax concentration in the 
mixture entering the chiller does not exceed the 
metastable range of superSaturation. It will be 
observed that the combined stream is introduced 
into the chiller at or near the bottom so that there 
is little or no evolution of vapor or flashing on 
entrance of the mixture into the chiller. The 
height of liquid at the point of introduction will 
preferably be such that its hydrostatic head is 
equal to the difference in the vapor pressure of 
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mixture, and at the top when the solution at the 
top is in equilibrium with propane at the pressure 
normally maintained in the chiller. Oncontinued 
circulation, the warm entering mixture will be 
gradually cooled as it rises in the chiller due to 
the reduction in hydrostatic head and consequent 
evolution of vapor in conjunction with a certain 
amount of mixing by eddy currents. The chiller 
will be preferably of such size that the volume of 
the up-flowing stream will be sufficient so that the 
desired cooling rate of, for example, about 3 F. . 
per minute, Will not be exceeded. 
Upon reaching the top of the first chiller, the 

solution flows down through line 30 and valve 3 
which is actuated by a float control 32 in the first 
chamber. It will be noted that this valve is lo 
cated at a low level so that the distance from the 
valve to the mixer is very short and flashing upon 
passage through the valve is reduced to a mini 
mum by immediate mixing and consequent cool 
ing of the stream. Upon passage through valve 
8 the partially chilled solution is immediately 
commingled with colder solution from the top 
of the second chiller 23a circulated via line 24 
and pump 25 in exactly the same manner as in 
the first chilling chamber. The mixture is then 
introduced into the bottom of the second chiller 
via line 26. Chilling in chiller 23a is exactly the 
same as in chiller 23 except that temperature 
and pressure conditions are lower. Likewise, the 
operation in the subsequent chillers 23b and 23c 
is similar to that in the previous chillers. It is 
apparent that the number of chilling stages pro 
vided should be sufficientº that the chilled solu 
tion leaving the top of the last chiller will be, 
at the desired dewaxing temperature as, for ex 
ample, -40° F. When the oil being chilled does 
not contain sufficient propane to accomplish the 
desired chilling, further quantities may be in 
troduced through lines 38a controlled by valves 
39. y . 

The pressure at the top of each chiller 23, 23a, 
23b and 23c is controlled by compressors 35, 35a, 
35b and 35c. The propane vapors from the va 
rious chillers are removed from the chillers via 
line 33 which pass to compressors 35, 35a, 35b 
and 35c where the vapors are compressed and 
then pass into header 34 to cooler 36 where the 
compressed vapors are liquefied and then pass 
via line 37 into propane storage tank 8. 
The chilled Óil and remaininig propane solu 

tion containing precipitated wax, preferably in 
the ratio of approximately 3 to 4 volumes of pro 
pane to One of the oil and wax, is withdrawn 
from the top of the last chiller 23c at the pre 
ferred temperature of -40° F. via line 40 con 
trolled by float control valve 4f by means of pump 
42 which forces the mixture to Wax separating 
devices such as settlers, filters, centrifuges or 
other mechanical wax separating units. In the 
drawings, the chilled mass is passed into the vapor 
tight wax separator or settler 43. Make-up pro 
pane at -40° F. may be introduced into the 
chilled oil via line 44 controlled by valve 45 in 
order to provide for adequate settling or filtra 
tion of the precipitated wax. In order to pre 
vent ebullition or boiling in the wax separator 

posed upon the solution of oil. This is accom 
plished by maintaining pressure within the sep 
arator by pump 42. As the chilled mass in the 
wax separator remains in a non-ebullient state, 
the wax settles out and is collected by vanes 46 
on shaft 47 which is operated by belt 48 connect 
ed to a suitable source of power not shown. The 

wax-free oil dissolved in propane is withdrawn 
'from separator 43 via line 49 and is passed into 
collecting tank 50. The precipitated wax slurry 
containing propane settling at the bottom of the 
wax separator 43 is removed through line 5 and 
pumped by pump 52 into line 53 where it meets 
a stream of chilled recovered oil and propane 
from Surge tank 54 via line 55 and pump.56: The 
two streams then pass through line 53 and mixer, 
57 into settler 58 which is constructed similarly 
to settler 43 and in which the wax from settler 
43 is washed with title dilute oil-propane solution 
from Surge tank 54. Oil and propane separated 
from the wax slurry is withdrawn via line 59 and 
passed into collecting tank 50. 
The once washed wax slurry is withdrawn from 

the bottom of settler 58 via line 60 by pump 6 
which forces the wax slurry through line 62 where 
it meets a stream of chilled propane at -40° F. 
coming from chilled propane storage tank 63 via 
line 64, pump 65, line 67 and valve 68. The mix 
ture then flows through mixing coil 69 into an 
other settler 70 constructed similarly to settlers 
43 and 58. In settler 70 the wax from settler 58 
is washer with fresh chilled propane and any oil 
separated is withdrawn together with the chilled 
propane via line and passed into surge tank 
54. As stated previously, this solution contain 
ing a small amount of recovered oil is employed 
to wash the wax slurry from the first settler 43. 
The countercurrent Washing steps may be carried 
on in as many stages as desired. The chilled pro 
pane in tank 63 is produced by withdrawing a 
portion of the propane under pressure from tank 
8 via lines 9 and 72, cooling it in heat interchang 
ers 73 and 14 and passing it into tank 63. The 
propane in 63 is chilled to -40° F. by vaporizing 
a portion through line 75 and compressor 6 
which forces the vaporized propane through line 
77, cooler 36, line 37 into propane storage-tank 8. 
The substantially oil-free wax is withdrawn 

from the bottom of settler 70 via line 80 by pump 
8 which forces the wax through line 82, heat in 
terchanger 83, line 84 into high pressure exhauster 
85 where vaporized propane under high pressure 
is withdrawn via line 86 into line 8. Wax in ex 
hauster 85 is continuously recirculated from the 
bottom into the top of the exhauster via line 8, 

3 

0. 

35 

pump 89, line 90, heater 9 and line 92. The wax 
or a portion thereof is then passed through valve 
93, line 94, heater 95, line 96 into the low pressure 
exhauster 97. Vaporized propane under low pres 
sure is withdrawn via line 98, compressed in corn 
pressor 99 and passed into line 87. Wax in low 
pressure exhauster 97 is recirculated via line foo, 
pump Oil, valve 102, line 94, heater 95 and line 96. 
Substantially propane-free wax is withdrawn 
through valve 03 and passed through cooler. 04, 
line O5 into wax storage tank 06 where it is 
maintained melted by steam circulated through 
coil 0. . 
The substantially wax-free oil and propane 

55 

from collecting tank 50 is withdrawn via line 
and pumped by pump through line 2, heat 
interchanger i 4, line til 5, valve i f6 into high 
pressure exhauster where vaporized propane 
under high pressure is withdrawn via line. f. during the wax settling operation, pressure is im The oil in high pressure exhauster fill is con 
tinuously recirculated through line 8, pump 28, 
line 2, heater 22 and line. 28. el oil con 
taining the remaining propane is then passed 
through valve 24, line 25, heater 26, line 27 
into low pressure exhauster 28. Propane and oil 
from the low pressure exhauster is continuously 
recirculated through line 29, pump 3D, valve 3. 
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line 25, heater 26, line 27 into exhauster 28. into an adequate number of steps and by circulat 
Vaporized propane under low pressure is with 
drawn from low pressure exhauster via line 33 
and passed into line 98, compressed in 99 and 
passed into line 87. Substantially propane-free 
oil is withdrawn from the low pressure exhauster 
via line 29, pump 30, valve f33, line 34 and 
passed into storage tank 35 which is cooled by 
cooling coil f36. The propane vaporized from 
the low and high pressure exhausters and passing 
through lines 87 and i? 8 is passed into lines 37, 
7, cooler 36, line 3 into propane storage tank 8. 
In the foregoing disclosure, I have described a 

method for chilling oil to precipitate wax wherein 
the stream of waxy oil and propane Solution after 
cooling to a temperature slightly above that of 
initial separation of wax is introduced under con 
ditions of thorough mixing into a much larger 
stream of propane-oil solution at a considerably 
lower temperature at which temperature it is 
saturated but not appreciably SuperSaturated 
with wax and carries in Suspension wax particles. 
The relation between the temperatures and vol 
umes of the two streams is preferably such that 
the increase in temperature of the circulated 
stream and consequent increase in Solubility of 
wax in the propane solution is substantially Suff 
cient to hold in solution the quantity of Wax 
brought in by the entering stream. In other 
words, operating conditions will preferably be 
chosen so that the wax concentration in Solution 
in the combined stream corresponds approxi 
mately with the solubility of wax in the Solution 
at the temperature of the combined stream and 
will certainly be chosen so that any superSatura 
tion will be very minor in extent and within the 
metastable range. 
The amount of recirculation required in each 

stage for production of a wax slurry containing 
the wax in coarse crystals so as to be readily re 
movable by settling or filtration will depend pri 
marily upon the number of stages of chilling pro 
vided or, in other words, upon the difference in 
temperature between stages. With a larger num 
ber of stages or smaller difference in temperature, 
less recirculation of liquid will be required. Other 
factors which influence the amount of recircula 
tion required in any particular case are the ex 
tent to which supersaturation is reduced in the 
circulating stream prior to mixing with the in 
coming solution and the concentration of Wax in 
the incoming solution as influenced by the amount 
of dilution of the waxy oil with propane or other 
diluent. In general, it is necessary in the practice 
of my invention to choose such conditions of recir 
culation as will result in the wax concentration in 
the mixed stream not exceeding the metastable 
range of Supersaturation of Wax at the tempera 
ture of the stream.. The extent of this metastable 
range of supersaturation will in turn depend upon 
such factors as the character and quantity of wax 
in the waxy oil, the concentration of oil in the 
solution as influencing the solvent power of the 
propane for wax, and the presence in the solution 
of colloidal impurities which ordinarily tend to 
reduce the crystallization rate or modify the 
crystal habit. 
bodies naturally present in the waxy stock or 
materials added for the purpose of controlling 
crystal habit, of which materials examples are 
the aromatic hydrocarbons with long side chains 
often employed as dewaxing aids to produce wax 
slurry of better filtering or settling characteristics 
and giving less loSS of oil in the filter cake or 
settlings. By dividing the total range of cooling 

Such impurities may be asphaltic 

ing an adequate amount of chilled solution, this 
is readily accomplished. 
The extent of the metastable range of the solu 

tion of waxy oil may be readily determined by 
anyone skilled in the art. For example, the 
metastable range may be determined by chilling 
the Solution at varying rates and determining 
the rate at which uncontrolled formation of new 
nuclei occurs and hence at that rate of chilling, 
the degree of supersaturation exceeds the meta 
stable range. At Some lower rate of chilling 
where large crystals of wax are formed, the Super 
Saturation will be found not to exceed the meta 
Stable range. 
The four steps shown to chill the oil are pos 

sibly not the minimum permissible in all cases 
but should be Sufficient for most cases. For ex 
ample, when it is desired to chill the oil-propane 
Solution from 90 down to -40° F., the oil-propane 
solution in line 2 at a temperature of 90° F. and 
under a pressure of 153 lbs. gauge is mixed with 
9 volumes of colder Solution at 60 F. recirculated 
from the first chilling column. The combined 
mixture Will have a temperature of 63 F. when 
introduced into the bottom of the chiller 23. As 
the combined stream flows up through the chiller, 
the lessening of the hydrostatic head permits 
vaporization of a portion of the propane which 
cools the oil from 63 F. at the bottom to 60 F. 
at the top, 
The chiller is preferably of such size that the 

volume of the up-flowing stream will be suff 
cient so that the desired cooling rate, for exam 
ple 3° F. per minute, will not be exceeded. It is 
evident that with a recirculation of 9 volumes of 
recirculated material to one volume of entering 
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stream and with a temperature differential of 
3° F. between the bottom and the top of the 
chiller, the volume of up-flow should approxi 
mately correspond to ten minutes flow of the 
entering stream. Pressure is maintained at the 
top of the chiller at about 97 lbs. gauge by oper 
ation of compressor 35. The operation of chiller 
23a is exactly the same as that in chiller 23 ex 
cept that it is maintained at a lower temperature 
level, for example, the mixture withdrawn from 
the top of the chiller 23 at a temperature of 63° 
F. is commingled with 9 volumes of recirculated 
material from chiller 23a at a temperature of 
30 F. The combined stream will have a ten 
perature corresponding to 33° F. As the hydro 
static head on the mixture in 23a is reduced, 
vaporization of propane will gradually reduce 
the temperature to 30 F. at the top of the 
chiller. ??? 

Pressure is controlled in 23a by compressor 35a, 
which maintains a pressure in the chiller at 
about 55 lbs. gauge. In chiller 23b materiali 
from the top of chiller 23a at 30° F. is com 
mingled with 9 volumes of recirculated material 
from the top of chiller 23b at a temperature of 
0° F. to produce a combined stream at a tem 
perature of 3 F. which is reduced by flowing up 
through the chiller 23b to 0° F. A pressure of 
about 27 lbs. gauge is imposed on chiller 23b by 
means of compressor 35b. In the next chiller, 
23c, one volume of 0° F. material from the top 
of chiller 23b is commingled with 9 volumes of 
-40 F. material from the top of chiller 23c, 
producing a combined stream having a tempera 
ture of -36 F. which is reduced at the top of 
the chiller to approximately -40° F. by vapori 
Zation of propane at the reduced hydrostatic 
head. The pressure maintained at the top of 
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chiller 23c corresponds to about 0 lbs. gauge 
which is controlled by compressor 35c. - 
V. In the foregoing description of Fig. 1, I have 
described a method for chilling the oil by con 

6 trolling pressure within the metastable range of 
supersaturation wherein chilled mixture from the 
top of the chillers is recirculated by withdraw 
ing it from the top of the chillers and mixing it 
with the entering stream. In Fig. 2, I have 
shown a modification for accomplishing the 
above results. It will be observed that Fig. 2 
merely represents a series of chilling. chambers. 
However, it will be understood that apparatus for 
mixing propane with waxy oil and for preparing 
the mixture prior to introduction into the chilling 
chambers is similar to that described in Fig. 1. 
Likewise, the apparatus for separating propane 
from the separated oil and wax fractions and for 
recovering propane may be carried on similarly 
to that described for Fig. 1. . . 
Referring to Fig. 2, it will be observed tha. 

each chiller comprises a vertical column as the 
chillers shown in Fig. 1, except that it is , cen 
trally divided by a vertical partition or baffle 
2 extending almost to the top of the column 
which divides the chiller into two sections 28 
and 29. At the lower portion of the partition, 
an injector 38 is provided which permits fluid 
from section 28 and line 2 to pass into section 
29. Injector 38 is provided with baffles. 38' in 30 
section 29 so that mixing of the two streams 
is promoted. before discharge into section 29. 
The entering stream of propane and waxy oil 
from line 2 passing through relief valve 22 
passes through the entrance nozzle 39 which is 
provided with insulating sleeve 39' in order to 
prevent appreciable cooling of the entering 
stream by surrounding cold solution and accom 
panying deposition of wax on the walls of the 
nozzle. The entering stream is injected into the 
injector 38 and is commingled with approximately 
9 volumes of chilled solution drawn into the in 
jector from section 28. The mixture passing 
through the injector 38 and baffles 38' is intro 
duced into the lower portiora of section 29. As 
the combined stream flows up section 29, the 
temperature is lowered approximately 3 by va 
porization of propane due to the reduction in 
hydrostatic head. The mixture overflows over 
partition wall 27 into chamber 28 where it is 
recirculated to the injector, part of the Solution 
being withdrawn via line 30. Thus, by provid. ing, an injector I may produce circulation of 
the mixture within the chiller. The agitation 

55 must be so thorough and the mixing so rapid 
that no opportunity is afforded for cooling of 
the incoming stream by conduction of heat to 
the circulating stream but the cooling, should 
take place only by actual mixing of the two 
streams, since otherwise, the supersaturation may 
readily exceed the metastable range. In practice 
this mixing may be accomplished more readily 
by employing multiple jets rather than the simple 
jet injector shown. v . - - ? ? ‘ 
The partially chilled mixture is withdrawn 

from the bottom of section 28 via line 30 and 
pump 25 and passes through float control valve 
3 into the next chiller. The operation in chiller 
23a and in subsequent stages 23b and 28c is ex 
actly, the same as in the first chiller 23 except 
that the chillers are maintained at successively . 
lower temperatures. The temperature and pres 
sure conditions in the chiller will be exactly the 
same as in the case of external recirculation 

is as in Fig. 1. For example, if it is desired to 
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chill oil from 90° F to -40° F, the entering 
stream at 90°F. under pressure of 153 lbs. gauge 
is commingled with 9 volumes of 60 material 
in injector 38, the combined stream having a 
temperature of 63 which is reduced to 60° at 5 
the top of the chamber. A pressure of 97 lbs. 
gauge is maintained in chiller 23 by compressor 
35. Material withdrawn from the bottom of sec 
tion 28 of chiller. 23 at 60° F. is commingled 
with 9 volumes of 30° F. material in the injector 10 
of chiller 23a to produce a combined mixture 
of 23° F. material which is reduced at the top 
of the chiller to 30 F. A pressure of 55 lbs. 
gauge is maintained in chiller 23a by compressor. 
35a. Likewise, material at 30° F. withdrawn from is 
the bottom of the chiller 23a is commingled with 
9 volumes of 0° F. material at the bottom of 
Section 28 of chiller 23b to produce a mixture 
of 3° F. material in section 29 which is reduced 
to 0° F. at the top of the chiller. A pressure 20 
of 27 lbs. gauge is maintained in chiller 23b by 
compressor 35b. O. F. material withdrawn from 
the bottom of chiller 23b is commingled with 9 
Volumes of -40° F material at the bottom of 
section 28 of chiller 23c to produce a mixture 25 
of -36 F. which is reduced at the top of the 
chiller 23c to -40°F. A pressure of 0 lbs. gauge 
is maintained in chiller 23C by compressor 35c. 
The chilled solution containing precipitated 

wax is withdrawn from section 28 of the last 30 
chiller via line 40 and float control valve 4 and 
passed to suitable filters, settlers or other me 
chanical wax separating devices where the pre 
cipitated wax is separated from the oil and re maining propane. 

operation of the chillers is best started by fân 
ing all of the chillers with the propiane-waxy - oil 
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solution at a temperature above the temperature 
of initial separation of wax and then cooling each 
chiller very slowly by drawing off propane vapors so 
at a controlled rate so that crystallization will oc 
cur slowly and relatively large crystals will be 
formed. After proper temperatures are attained 
in each chiller, the continuous flow may be 
started. Under these conditions, the circulating is 
solution in the first chiller, for example, will con 
tain a relatively limited number of nuclei and the 
tendency will be for crystallization to occur on 
these nuclei already present rather than for new 
nuclei to be formed. On continued operation, the 50 
nuclei will tend to be carried on in the succeed 
ing chillers and the number of nuclei in suspen 
sion in the first chiller will be reduced. However, 
fortuitous formation of nuclei by local excess 
chilling or by attrition will keep the proportion 55 
of nuclei in suspension at a suitable point. This 
tends to be self-regulating since if the proportion 
of nuclei is unduly decreased, the rate at which N 
supersaturation will be relieved will be reduced 
and there will be a greater tendency for the super- 60 
saturation to enter the labile range with forma 
tion of additional nuclei. The reduction in the 
number of nuclei by flowing into succeeding stages 
is very, desirable, as it will tend to promote the 
formation of larger crystals which will facilitate 65 
the Subsequent settling or filtering Operation. ' 
One of the most essential points for success 

ful operation is the immediate and complete mix 
ing of the two streams, that is, the entering 
stream and the colder recirculating stream and 70 . 
the avoidance of any appreciable cooling of the 
entering stream in any manner except by mixing 
with the circulating stream. Cooling of the en 
tering stream, by conduction of heat to the ciri : 
culating stream or by partial vaporization is par- TS 
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ticularly to be avoided. While it is possible that 
by the use of injector types of mixing devices, 
mixing can be accomplished so quickly as to pre 
vent appreciable flashing of the entering stream 
On release of pressure at the entering nozzle or ori 
fice, Such avoidance of flashing may at times be 
difficult to accomplish in practice and in this 
latter case it is proposed to prevent flashing by 
maintaining a Sufficient pressure upon the com 
bined streams during the mixing operation so 
that any possibility of flashing is obviated. 
The maintenance of a higher pressure at the 

point of mixing will, of course, necessitate the 
release of the pressure at a later point in order 
that vaporization may take place in the chiller at 
the desired temperature. The release of the pres 
Sure by passage through a relief valve or orifice 
will result in the setting up of shearing stresses 
in the flowing liquid which may cause appreciable 
attrition of the wax particles in suspension with 
consequent formation of additional nuclei and 
general reduction of particle size of wax. More 
over, the release of the pressure through a valve 
or Orifice will result in dissipation of the energy 
corresponding with the pressure differential in the 
form of heat. With the recirculation of, for ex 
ample, 9 volumes for one volume of entering solu 
tion, the energy so dissipated would be appreciable 
and the heat generated would increase the load 
On the refrigerating system. In Fig. 3 I have 
disclosed an arrangement of apparatus wherein 
the energy corresponding with the pressure drop 
may be converted back into mechanical energy as 
by passage of the solution through a positive dis 
placement pump, such as a gear, Kinney, Water 
ous or reciprocating pump. If desired, the me 
chanical energy may be converted into electrical 
energy and the electrical energy may be returned 
to the line. In this way any undue increase in the 
refrigeration load is avoided. Moreover, by suit 
able choice of the type of pump, the breaking 
down of the wax crystals by attrition is reduced to 
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a minimum. 
Referring more particularly to Fig. 3, the waxy 

oil solution in propane prepared in the manner 
disclosed in Fig. 1 and passing through line 2 is 
introduced into injector 50 where it is com 
mingled with colder solution from chiller 23, for 
example, in the ratio of 9 volumes of recirculated 
Solution to One volume of the entering solution 
and circulated from chiller 23 via line 24 and cir 
culating pump 25. The mixture then flows 
through mixing coil 5, and passes through a 
positive displacement pump 52 from which the 
Combined Streams flow through line 53 into Sec 
tion 29 of chiller 23. Chiller 23 is preferably di 
vided into two sections 28 and 29 by vertical baf 
fle 27, the upper portion of the chiller being open 
to permit flow of liquid from section 29 into sec 
tion 28. The operation and flow of liquid in 
chiller 23 is exactly the same as that in the chill 
ers disclosed in Fig. 2 except that the injector in 
the interior of the chiller is omitted, circula 
tion being accomplished externally in the manner 

65 above indicated. 
. A portion of the chilled solution withdrawn via 

line 24 is by-passed into line 54 and is picked 
up by pump f 55 which comprises a positive dis 
placement pump, the speed of which is controlled 

O by float control 32. The solution picked up by 
pump 55 is passed by line 2 a. into injector 50a 
where it is commingled with colder Solution from 
section 28a circulating via line 24a and pump 25a. 
Combined streams pass through mixer 5a, pump 
A 52a, line 53a into section 29a of chiller 2G, 

scribed for Fig. 1. 
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A portion of the chilled solution from section 23a 
passing through line 24a is by-passed through 
line 54ato pump 55a controlled by float con 
trol 32a which is forced through line 2 b to fur 
ther chilling in a manner similar to that de 
Scribed for chillers 23 and 23a, or it may be passed 
to wax settling or filtration in order to separate 
precipitated wax from solution in the manner de 

the chillers 23 and 23a is controlled by com 
preSSOrs 35 and 35a. Propane vaporized from the 
chillers is withdrawn via lines 33 and 33a, com 
preSSed in compressors 35 and 35a, and passed 
into manifold 34 from which it may be passed to 
the propane condenser and recovered in a manner 
described in Fig. 1. 
Thus, in Fig. 3, I have described the method of 

Operation by which all valves with accompanying 
possibility of attrition of wax crystals is avoided 
and the flow is controlled by speed control of 
positive displacement pumps. As stated above, 
pumps 55 and f 55a comprise positive displace 
ment pumps with Speed control by a float control 
device. Pumps 25 and 25a comprise constant 
speed centrifugal pumps, preferably of slow speed 
type and pumpS 52 and 52a comprise positive 
displacement pumps such as gear, Kinney, Water 
ous or reciprocating pumps which are connected 
to induction motors which, when over-driven, will 
return power to the line. 

In the above Schedule of pump types, instead of 
employing a constant-speed centrifugal pump in 
the position indicated, for pumps 25 and 25a, a 
positive displacement pump with speed control 
to maintain constant pressure may be substituted 
therefor, pumps 52, 52a and 55, 55a remain 
ing the same as in the above schedule. It is obvi 
Ous to those skilled in the art that further modi 
fications could be made in the types of pumps 
and methods of control without departing from 
the spirit of the invention. 
While I have described the use of liquid pro 

pane as the internal refrigerant-diluent, it may 
be observed that I may employ other liquefied 
normally gaseous hydrocarbons for this purpose. 
Such hydrocarbons include methane, ethane, pro 
pane, iso-butane, butane or mixtures thereof. 
These hydrocarbons may be obtained by rectifica 
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tion of casinghead gasoline by the so-called 
stabilizing method. They are the overhead thus 
obtained. They are liquefied by compression and 
Cooling in the conventional manner and are drawn 
off into pressure chambers where they are main 
tained in the liquid state until they are used. 

It is to be understood that the above descrip 
tion is merely illustrative of preferred embodi 
ments of my invention of which many variations 
may be made by those skilled in the art without 
departing from the spirit thereof. 

I claim: 
1. An apparatus for separating wax from oils 

which comprises means for mixing waxy oil with 
a liquefied normally gaseous solvent, a plurality 
of chillers, means connecting said chillers to per 
mit passage of solution from the top to the bot 
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tom of successive chillers and means for recira 
culating chilled solution from the top of said 
chillers to solution entering the bottom of said 
ches. 

2. An apparatus as in claim 1 and means to 
maintain said chillers at successively lower tem 
peratures. . 

70 

3, An apparatus as in claim 1 and means for 75 
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: maintaining said chillers at successively lower 
temperatures and lower pressures. 

4. An apparatus for separating wax from oil 
which comprises a vertical chilling chamber, 
means to divide the lower portion of said verti 
cal chilling chamber into two compartments, 
means at the bottom of said chilling chamber to 
circulate waxy oil from the bottom of one of said 
compartments to said other compartment and 
means for mixing waxy oil circulating to the 
bottom of said other compartment with oil enter 
ing said chiller and means for withdrawing oil 
containing precipitated wax from the bottom of 
said other compartment. 

5. An apparatus as in claim 4 in which said 
means for circulating oil and for mixing enter 
ing oil with oil at the bottom of said other com partment comprises an injector. 

6. An apparatus for separating wax from oils 
which comprises a plurality of chillers, a parti 
tion dividing the lower portion of each of said 
chillers into two compartments, an injector post 
tioned at the bottom of said chillers and con 
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municating from one compartment to the other, 
means for passing oil from said chiller into said 
injector, means connecting the bottom of said 
chillers with successive chillers and means for 
maintaining said successive chillers at Succes sively lower temperatures. 

7. An apparatus for separating wax from Oil 
which comprises a vertical chiller, means in said 
chiller to divide the lower portion of said verti 
cal chiller into two vertical compartments, a 
mixer, means for passing oil from the bottom of 
one of said compartments to said mixer, means 
for passing oil to be chilled to said mixer, means 
for passing the combined streams from said mixer 
to the bottom of said other compartment and a 
pump positioned on said last mentioned means. 

8. An apparatus for separating wax from oil 
which comprises a vertical chiller, a vertical 
partition in said chiller, said partition dividing 
the lower portion of said chiller into two con 
partments, a mixer, a conduit connecting the 
bottom of one compartment with said mixer, a 
conduit connecting said mixer with the bottom of 
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said other compartment, means for passing oil 
from the bottom of said first mentioned.com 
partment to said mixer and from said mixer to 
the bottom of said other compartment, said 
means comprising a pumppositioned intermediate 
said conduit connecting the bottom of said first 
mentioned compartment with said mixer, means. 
for passing oil to be chilled into said mixer and 
means on said conduit from said mixer. to the 
bottom of said other compartment to reduce the 
pressure of the combined stream passing to said 
other compartment. - 

9. A process for chilling liquids which com 
prises mixing the liquid to be chilled with a 
volatile liquid refrigerant under superatimos 
pheric pressure, commingling said mixture with 
a sufficient quantity of previously chilled liquid 
to reduce the temperature of the mixture to be 
chilled to substantially that of the previously 
chilled liquid and removing vaporized liquid re 
frigerant from the combined mixtures. 

10. A process as in claim 9 in which the Wola 
tile liquid refrigerant is a liquefied normally gas eos hydrocarbon. 

11. A process as in claim 9 in which the vola tile liquid refrigerant is liquid propane. 
12. A process for chilling liquids which com 

prises mixing the liquid to be chilled with a 
volatile liquid refrigerant under superatmos 
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pheric pressure, passing the mixture into a chill 
ing chamber which is maintained at a lower pres 
sure and and at a lower temperature than Said 
mixture, withdrawing chilled liquid from... the 
chilling chamber and mixing it with the mixture is 
to be chilled in sufficient quantities to reduce the 
temperature of the mixture to be chilled to sub 
stantially that of the chilled mixture withdrawn 
from the chilling chamber and vaporizing a 
portion of the volatile liquid refrigerant from 10 
the chilling chamber to chill the combined 
mixture. 

13. A process as in claim 12 in which the tem 
perature of the combined mixture of liquid to 
be chilled, volatile liquid refrigerant and chilled is 
liquid withdrawn from the chilling chamber is 
reduced to the temperature of the withdrawn 
chilled liquid by lessening the hydrostatic head 
On said mixture. 

14. In a proceSS for dewaxing oils the steps 20 
comprising mixing waxy oil with a volatile liquid 
refrigerant under. Sup3ratmospheric pressure, 
commingling said mixture with a sufficient quan 
tity of previously chilled waxy oil to reduce the 
temperature of the waxy oil to be chilled to sub- 25 
stantially that of the previously chilled waxy oil, 
and vaporizing a portion of the volatile liquid 
refrigerant from the combined mixtures. 

15. In a process for dewaxing oils the steps 
comprising mixing waxy oil with a volatile liquid SO 
refrigerant under superatmospheric pressure, 
commingling said mixture with a sufficient quan 
tity of previously chilled waxy oil to reduce the 
temperature of the waxy oil to be chilled to ap 
proximately 3° F. higher than the temperature SS 
of the previously chilled waxy oil, and vaporiz 
sing a portion of the volatile liquid refrigerant 
from the combined mixtures. 

16. A process as in claim 14 in which the 
volatile liquid refrigerant is a liquefied normally to gaseous hydrocarbon. 

17. A process as in claim 14 in which the 
volatile liquid refrigerant is liquid propane. 

18. In a process for dewaxing oils the steps 
comprising mixing waxy oil with a volatile liquid 4.5 
refrigerant under Superatmospheric pressure, 
passing the mixture into the bottom of a chilling 
chamber which is maintained at a lower pressure 
and at a lower temperature than said mixture, 
withdrawing chilled waxy oil and volatile liquid 50 
refrigerant from the top of the chilling chamber 
and mixing said withdrawn mixture with the 
waxy oil and volatile liquid refrigerant to be 
chilled in a sufficient quantity to reduce the tem 
perature of the mixture to be chilled to substan- 65 
tially the temperature of the withdrawn chilled 
mixture and vaporizing a portion of the volatile 
liquid refrigerant from the combined mixtures. 

19. A process as in claim 18 in which the tem 
peraturer of the combined mixtures is reduced 60 
to the temperature of the chilled waxy oil and . 
volatile liquid refrigerant withdrawn from the top of the chilling chamber. 

20. In a process for dewaxing oils the steps 
comprising mixing Waxy oil with a volatile liquid 65 
refrigerant under superatmospheric pressure, 
passing said mixture into the bottom of chilling 

, chamber connected in series and maintained at 
successively lower temperature and pressure 
levels by vaporization of said volatile liquid re- 70 
frigerant under reduced pressure, withdrawing 
chilled mixture from the top of said chilling 
chambers and commingling said withdrawn mix 
ture with the mixture to be chilled entering the 
bottom of said chilling chamber, said admix- T5 
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ture being in quantities sufficient to reduce the 
temperature of the combined mixture to sub 
stantially the temperature of the chilled mixture 
withdrawn from the top of the chilling cham 
bers. 

21. A process as in claim 20 in which the 
volatile liquid refrigerant is a liquefied normally 
gaseous hydrocarbon. 

22. In a process for dewaxing oils the steps 
comprising mixing waxy oil with a volatile liquid 
refrigerant under Superatmospheric pressure, 
passing said mixture into the bottom of chilling 
chambers connected in series and maintained at 
successively lower temperature and pressure lev 
vels by vaporization of said volatile liquid refrig 
erant under reduced presSuure, Withdrawing 
chilled mixture from the top of Said chilling 
chambers and commingling said withdrawn mix 
ture with the mixture to be chilled entering the 
bottom of Said chilling chambers said admixture 
being in quantities sufficient to reduce the tem 
perature of the combined mixture to substan 
tially the temperature of the chilled mixture 
withdrawn from the top of the chilling chambers, 
and lowering the temperature of the combined 
mixture to Substantially the temperature of the 
withdrawn chilled mixture from the top of the 
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chilling chambers by reducing the hydrostatic 
head. On the mixture. 

23. In a process for dewaxing oils the steps 
comprising mixing waxy oil with a volatile liquid 
refrigerant under Superatmospheric pressure, 
passing said mixture into the bottom of chilling 
chambers connected in Series and maintained 
at successively lower temperature and pressure 
levels by vaporization of said volatile liquid re 
frigerant under reduced pressure, withdrawing 
chilled mixture from the top of said chilling 
chambers and commingling said withdrawn mix 
ture with the mixture to be chilled entering the 
bottom of said chilling chambers, said admix 
ture being in quantities sufficient to reduce the 
temperature of the combined mixture to approx 
imately 3 F. higher than the temperature of the 
chilled mixture withdrawn from the top of the 
chilling chambers and reducing the temperature 
of the combined mixture to Substantially the 
temperature of the chilled mixture withdrawn 
from the top of the chilling chambers by lessen 
ing the hydrostatic head on the mixture and va 
porizing a portion of the volatile liquid refrig 
erant. 

DAVO R. MERRILL. 
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