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This invention relates to a new and im 
proved process for eii'ecting a continuous 
distillation of mineral oil or petroleum 
under substantially vacuum conditions, 
whereby the oil under treatment is separated 
into two or more fractions. Dist-illation 

f under vacuum conditions is of fundamental 
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importance in preventing the cracking or 
molecular decomposition of certain hydro 
carbons which ldestroy .the viscosity and 
color of the oil. Distillation can be carried 
on when a vacuum is present at» a consider 
ably lower temperature than. when ordinary 
atmospheric pressures or superatmospheric 
pressures are employed, and distillation at 
or above atmospheric pressure requires or 
dinarily such high temperatures that the 
cracking of the oil is apt to occur, suchhigh 
temperatures frequently resulting in de 
priving the oil of its' desired color and vis 
cous properties. Again, distillation under 
vacuum has the advantage of overcoming 
this tendency toward cracking >>because of 
the -fact that lower temperatures may lbe 
utilized, but in prior apparatus and methods, 
of which I now have knowledge, the appara 
tus has been costly to install and expensive 
and difficult to regulate and operate, and it 
is, therefore, an outstanding object of the 
present invention to 
tem of distillation of simple yet efficient 
form and wherein investment and operating 
costs may be maintained at a comparatively 
low level. ~ _ ‘ 

Another object of the invention resides in 
the provision of distilling apparatus formed 
to include a primary oil heater in the form 
of a continuous pipe coil wherein the latter 
is of such form that the vacuum present in 
the system will penetrate back to the point 
of introduction of the oil into the coil,`or 
to such other location wherein the oil would 
be subjected possibly to dangerous overheat 
ing were the vacuum not present, the design 
of the coilxbeing su v,h that by enlarging the 
internal diameter thereof. either continuous 
ly or intermittently,_ at various points 
throughout the length thereof the friction 
loss of the oil,passing 
be such ~as to allow the vacuum 
the coil or tube bank 
oil approaches cracking Ítemperature. 

to penetrate 

The 
higher temperature` the oil obtains in the` 

the greater will be the vac heater where primary . ~ 

that at the polniì' of outlet, 

provide a vacuum sys-v 

through the coil, will 

to a point where thev 

the oil temperature is the highest, the vac 
uum will be the greatest. This construction 
of the coil .or the tube bank in the primary 
heater or still is one of the fundamental 
features of this invention, since experience 
has shown that when oil in tube stills va 
porizes, very great back pressures are formed 
due to the vaporization of the oil, unless in 
creased area is provided to take care of the 
vapor volume. 
My invention 

vision of a process 
vacuum conditions, wherein the construction 
of the apparatus employed is such as to per 
mit the vacuum to penetrate to a point be 
low that where the temperatures are suiii 
ciently.high to bring about the decomposi 
tion of the hydro-carbon were. the vacuum 
conditions not present. This result being 
attained primarily in _this instance by the 
variations in the cross-sectional diameter of 

therefore consists in the pro 

the coils or tubes constituting the primary 
heater or still. I 
The invention further consistsv in a vac 

uum system of oil distillation wherein a 
primaryheating element of improved eiii 
ciency is provided permitting the system to 
operate under lower temperatures than those 
used in present systems with consequent 
saving in the vamount of fuel required and 
also in generally simplifying and reducing 
the amount of apparatus required in carry 
ing out the system. 
For a further understanding of my inven 

tion reference is to be 
description wherein further features and ob 
jects ofthe invention will be in part de 
scribed and in part obvious, reference being 
had to the accompanying drawing wherein: 
Figure 1 represents diagrammatically the~ 

apparatus which may be employed for carry 
ing out the invention. l , 
Figure 2 is a detail view on an enlarged 

scale ofthe primary heating coil. 
Figure 3 is a similar view of a modiiied 

form thereof. » 
Referring now to the drawings wherein 

I have illustrated more or less diagram 
matically one form of apparatus which can 
be successfully employed to carry out the 
invention, and wherein the reference nu 
meral 1 designates the setting of a primary 
heater of the: type commonly known as a 
tube still. This heater includes the usual 
combustion chamber 2 and a tube chamber 3, 

for distilling oil under' 

hadA to the following 
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the chambers 2 and 3 being separated by 
means of a bridge wall 4. Within the 
chamber 3 are upper` and lower tube banks 
5 and 6 respectively, and the lower bank 
has connected therewith a supply pipe 7, 
leading from a source of oilsupply, and 
through which pipe the cold or preheated 
oil is pumped to the heater. After circulat 
ing through the lower bank of tubes the 
temperature of the oil is raised, for example, 
from atmospheric to substantially 600 de 
grees F., wherein the lighter fractions of 
the oil are allowed to readily vapo1ize,witl1 
out danger cf cracking the unvaporized 
portion of the oil. and pass from the heater 
by way of an outlet pipe 9 which leads to a 
vapor chamber 10 provided in a. vaporizer 
11. The gases and vapors generated by 
this initial heat-ing step pass upwardly 
through the separator and are preferably 
passed through a cooling coil 12a, Where the 
vapors are reduced to liquid form and suit 
ably stored for future use. 
The heavier or unvaporized fractions of 

the oil collect in the bottom of the separator 
and are removed therefrom by Way of _a pipe 
line 13, in which is situated a pump 14 of 
any suitable type. ' This condensate is then 
forced through the line 14’ to the inlet side 
of the upper tube bank 5, where the oil is 
subjected to the higher temperatures pre 
vailing in the tube still or primary heater, 
but wherein provision is made in the con 
struction and form of the coil comprising 
the upper bank 5 to prevent the decomposi» 
tion or cracking of the oil. 
As an illustration of a specific form which 

the upper bank of tubes may take, it is cal 
culated that the tube bank 5 having tubes of 
one inch internal diameter at` ̀ the point 
Where the oil enters, that is, at the bottom 
of the bank, should have approximately 
tubes of six inches internal diameter at the 
oil exit, or at the upper end of the bank, 
stepping up the sizes at intermediate points 
in the bank. The increase in diameter ̀ may 
be of a gradual tapered form, as shown in 
Figure 2„or may be _of an intermittent, ab 

- ruptly stepped form as shown in Figure 3. 
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The preferred method is to increase the di 
ameter of the individual tubes comprising 
the upper bank successively in an upward 
direction. B_v this construction the design 
of the still will be such that by the enlarge 

_ ment of the tube diameters at variousvpoints 
in the still, friction loss of the oil passing 
through the tubes will be such as to allow 
the vacuum to penetra-te the tube bank toa 
point Where the oil approaches cracking 
temperatures.A It is believed'that without 
the enlargement of areal as the oil progresses 
through the tube bank, highest etliciency 
would not be obtained from a vacuum tube 
‘.¿tilL since the oil being under pressure could 
not vaporize except at a high temperature, 

(at 210° 
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and at this temperature would have to carry 
sutlicient heat to overcome the latent heat of 
vaporizationl when the vacuum zoning is 
reached. This Would cause a drop in tem 
perature as the oil leaves the tubes and ap 
parently the oil would not be overheated.V 
lowever, investigation would show that the 

oil was overheated, at least locally, during 
some point in its passage through the tube 
bank. Another fundamental advantage ob 
tained by enlarging the area of the tube 
bank as disclosed resides in the fact that ex- ' 
perience has shown that when oil in tube 
stills vaporizes, very great back pressures 
are formed due to the vaporization of the 
oil, and the increased area is provided to 
take care of the vapor volume and to allow 
for its proper circulation 
bank without local overheating. 
The increasing pipe area from the inlet to 

_the out-let end of the pipe still 5 is suiiicient 
so that by the resulting decrease of pipe 
friction or back pressures of oil traveling in 
the still, four inches of mercury absolute of 
vacuum on the outlet of the still will pene 
trate to the ̀ inlet- of the still, the above-men 
tioned vacuum reducing gradually toward 
the inlet end of the still. For example, it 
has been found that the process will produce 
unusual distillates such as of cylinder stock 
grade having a Baume gravity of 20.3 and 
a viscosity in excess of 150 seconds _Saybolt 

Fah.) with a flash test of 560° Fah. 
and a fire test-of 625° Fahîand of good color 
vvhen operating with a vacuum of 1.75 inches 
of mercury absolute on the outlet of the 
still, and showing 12 inches of mercury ab 
'solute on the inlet side, the temperature of 
the outlet oil being 690° Fah. Various 
lighter distillates can be produced by reduc 
tion in the outlet temperature of the still, 
these latter distillates showing superior 
yields, color, Hash and fire tests than those 
produced by ordinary methods. 
The oil having been brought up to the dc 

sired temperature in the still is discharged 

through the tube y 
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from the upper bank 5 of the ‘tubes and isv ‘ 
conducted through t-he vapor line 15 to a 
vapor chamber 16 provided in a separator 
17._ In the particular form of the invention 
illustrated the heavier fractions are collected 
in liquid form inthe bottom of the separator 
and are permitted to pass through a cooling 
coil 18 and removed from the still by a con 
densate pump4 19, which may be of the cen 
trifugal or direct acting type, either steam 
orI electric driven. ' . 

„To further f fractionate the discharged 
vapors, the top of the separator _17 is pro 
vided With a scrubber or dephlegmator 20, 
in which the vapors are scrubbed and then 
passed through the vapor line 21 to a sec 
ond separator 22. which includes the usual 
separating chamber 23 and a superposed 
scrubber 24. The bottom of the separator 22 
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lrater 29. The coil 30 
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is connected with a condenser 25 and a dis 
charge pump 26 by means of- a pipe line 27 
through which the condensate formed in the 
separator 22 is circulated. The vapors pres 
ent in the hydrocarbons led to the separator 
22 are permitted to pass to the scrubber 24 
and thence by way of a pipe line 28 =to a 
third separator 29, in which is provided a 
cooling or refluxing coil 30., through which 
cold oil may be circulated so as to eifect the 
condensing of the vapors within the sepa 

' extends also to a simi 
lar coil 31 arranged in the Asecond separator 
22, and from this coil a pipe line 32 extends 
to the pipe line entering the tube bank 6. It 
will be apparent that by the provision of 
suitable valves the flow of oil through t-he 
coils 30 and 31 may be readily regulated so 
as to control the heat exchanging operation 
thereof in the separators 22 and 29. The 
final condensate collected in the separator 29 
is led through a condenser 33 to a. pump S4 
which may be of'the types indicated at 19 
and 26. Additional cooling coils 29b and 29C 
are provided in the separator 29 to insure 
final condensation, through which may be 
circulated oil, water or brine. 
The vacuum in the system may be gov 

erned by means of a vacuum pump 35, which 
communicates with the chamber 29 by way 
of a pipe 36, the 'latter having at its inlet 
end the coil 29°, through which a cold liquid 
will be circulated to provide maximum cool 
ing of non-condensable vapors: formed dur-_ 
ing the operation. It will be understood 
that as many of the fractionating separators 
may be provided in the system as desired de 
pending upon the number of' cuts or frac 
tions wanted and that the specific form and 
arrangement of the fractionating equipment 
lmay be varied from that herein convention 
ally illustrated Without departing from the 
principles of the invention. Any non-con 
dens-able vapors which may be formed in the 
operation of the system will be removed _by 
means of the vacuum pump 35, which may 
be of the displacement type,> hurling water 
type or steam ejected.’ The pump 35 thus 
serves to place theA entire system under vacu 
um conditions as far back as tlie inlet end 
of the tube bank 5.> v ' ' 

lt will he seen that by the present inven 
tion a vacuum system of oil distillation is 
provided b_v which the operating tempera 
lures may be maintained at safe levels to 
prevent the cracking or molecular decom 
position of the oils handled by the system. 
The system thus produces distillates of im_ 
proved viscosity and color, particularly well . 
adapted for use 1n the formation and pro 
duction of lubricating oils. I 'am aware 
that the general advantages accruing from 
vacuum distillation systems have been recog 
nized and in a measure developed by prior 
patentees, however, to the best of my knowl 
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edge such prior systems have never em 
ployed the principle of extending the vac 
uum back to the point of introduction of the 
oil into the lprimary heater or to such posi 
tions Where the temperatures employed 
might have the eEect of cracking the-oil were 
the vacuum not present. 

Ii‘urthermore, the use of a tube type of 
heater, instead of a shell or drum type,rhas 
the advantage that the oil exposed to hot 
metal travels at high velocities; increasing 
heat transfer and minimizes to a great eX 
tent the likelihood of local overheating due 
to the turbulent flow. This is also accom 
plished Without the use of steam, thereby 
reducing throughout the system the size of 
vapor lines, containers and other fraction 
ating equipment necessary per unit of capac 
ity. Also it is well known that tube heaters 
can be operated with greater fuel economy 
than the shell or ldrum type heaters. Again. 
by employing the tube type of primary heat 
er the vapor pressures will be reduced on the 
oil circulated therethrough, as compared 
with the drum or shell type of heater, by 
the elimination of the hydrostatic head. 
This head, in a drum or shell type of still, 
causes pressure on the oil at the bottom of 
the container and thereby renders the vac 
uum less effective. ' ‘ 

What is claimed is: 
l. The method of vacuum distillation of 

mineral oil, which consists in drawing a 
qu'ant1ty of oil without reduction in its total 
weight through a heated pipe still of pro 
gressively increasing cross-sectional pipe 
area from the inlet to the outlet ends there 
of, said increasing pipe area permitting such 
reduction in ba'ck pressure due to pipe fric 
tion of the oil and vapors drawn through the 
still to allow a vacuum carried on the out 
let end of the still to penetrate back to the 
inlet end thereof. ‘ ' 

_2. The method of vacuum distillation of 
mineral oil, _which consists in drawing a 
quantity of oil Without reduction in its total 
weight through a heated pipe still of pro 
gressively increasing cross-sectional pipe 
area from‘the inlet to the outlet ends there 
of, said mereasing pipe area permitting 
s'uclrreduction in back pressure due to pipe 
friction of the oil and vapors drawn through 
the still to allow a'vacuum carried on the 
outlet end of the stillto penetrate back to 
the inlet end thereof, said vacuum being suf 
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liciently high to ‘permit vaporization of the ' 
'oil1 lto take place in the heating zones of the 
sti . ^ 

which consists, in drawing af quantity of oil 
through a heated pipe still of progressively 
increasing pipe areal from the inlet to the 
outlet ends thereof, said increasing pipel 
area permitting suehreduction in back-pres 
sure'of the oil and .vapors drawn through 

a _The method «of distini'ng minerai Oil,A 
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the still to allow a vacuum carried on the. 
out et end of the still to penetrate back to 
the inlet end thereof, theY oil being dra-Wn 
through said still at progressively increasing 
velocities as said oil reaches zones 0f higher 
temperature as a result of vaporization of 
the oil within the heating zonesof the still. 

4_.~ The method of distilling mineral oil, 
which consists in the step of drawing a quan 
tity of oil through a heated pipe stilllpos 
sessing a progressively increasing pipe area 
from the oil inlet to the oil outlet ends 
thereof, said increasing pipe area permitting 
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such reduction in back pressure on the oils 
yand vapors drawn through the still to allow 
a .Vacuum carried on the outlet end of the 
still to penetrate back to the inlet end there 
of, said vacuum being sufficiently high to 
permit vaporization of the yoil to take place 
in the heating zones of the still, the tempera 
ture of the oil and vapors passing through 
the still being prevented from exceeding the 
temperature of the oil and vapors issuing 
from the outlet- .of the still. , 
In testimony whereof I affix my signature. 

AUDLEY E. HARNSBEBGER. 


