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1

This invention may be summarized as follows:
It relates to a process of steam distillation in
which steam is commingled with a material to
be distilled with said steam at a pressure, at or
lower than the saturation pressure of the steam
at the temperature of distillation, to produce a
vapor composed of steam and vapor from the
material undergoing distillation, The mixed
vapors are compressed and thus heated by the
work done in the compression. The superheab
and the latent heat of condensation of the com-
pressed vapors are removed to produce a water
condensate at the said higher pressure. The
water condensate is then passed into a zone of
lower pressure, but at a pressure as high or higher
than the distillation zone but less than the pres-
sure of the condensation zone and the water is
vaporized and the steam employed for said steam
distillation. In a modification of the invention
the latent heat of vaporization of the steam may
be in part supplied by the heat in the compressed
vapors passing to the steam condensation stage,
previously referred to. There is thus a trans-
ference of the latent heat of condensation of
steam at high pressure to supply the latent heat
of vaporization of the steam at lower pressure.
In addition, because the water undergoing vapor-
ization, as steam is vaporized at a temperature
lower than the temperature of the water at which
the water condenses from the compressed vapors,
the water undergoing vaporization to make steam
may be circulated as cooling medium in the con-
densation step, and the water thus heated may
be recirculated to the steam forming stage. In
addition the heat of the compressed vapors may

also be transferred to the incoming madterial to

be distilled by heat exchange between this feed
and the high temperature vapor or liquid streams.
- Thus, the heat of compression of the vapors
is employed as the course of heat for the vapor-
ization steps and by maintaining proper pressure
levels, the unvaporized liquid residue from the
vaporization step may act as condensation or
absorption medium for vapors or gases which
are at a higher temperature than the residue.
In addition to the efficiencies attained by this
procedure, and in addition to the simplification
of apparatus obtained by employing this cycle,
I also obtain an economy in cooling water and
fuel and in water for generation of process steam,
and avoid the construction and operation of
separate process steam equipment. The water
is employed in cycles of operation and the water
requirement is reduced to & minimum. This is
particularly important in desert or waste areas
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such as are found in many oil fields throughout

the world. In refineries or natural gas plants
where steam distillation is required or may be
economically employed, the problem of water
supply is a primary consideration. In such areas
the economy of water utilization obtained by my
system and process is an important consideration
in making such process possible in such localities.

These and other objects of my invention will
be clear to those skilled in this art from the fol-
lowing description taken together with the draw-
ings, in which

Fig. 1 is a flow sheet of one form of the process
of my invention; v

Fig. 2 is a flow sheet of another form of the
process of my invention;

Fig, 3 is a flow sheet of another form of the
process of my invention;

Fig. 4 is a flow sheet of another form of the
process of my invention; and

Fig. 5 is a flow sheet of another form of the

‘process of my invention.

Referring to Fig. 1, the material to be distilled
is passed through the line {, heat exchange coil
2 (or by-passed in part or whole by control of
valves 1¢ and Ib) through heat exchange coil
13b and heater 2¢ into the still 3 where a portion
is vaporized and the unvaporized material with-
drawn through line (3 by controller valve (4
and through the heat exchange coil {3a in heat
exchange with coil 13b. The vapors exit through
4 and are compressed by compressor 5 and
passed through heat exchange coil 6’ in heat ex-
change with coil 6 and through heat exchange
coil 2’ in heat exchange with coil 2, and then
into the separator-condenser 7. Condensate is
collected in 7 and the water withdrawn through
line {1 and the remaining condensate, if lighter
than water, withdrawn through 9 under the con-
trol of valve i10. The water passes under its own
pressure through line I1 through pressure reduc-
tion valve 12 with any water desired to be added
through {ia, heat exchange coil 6 in exchange
with compressed gas in §’, into the chamber 3.
The uncondensed material in 7T is withdrawn
through line 15 under the control of valve {6 for
other operations or disposal, and the unvapor-
ized material in 3 is withdrawn through line 13
under the control of valve 14.

It will be observed that in order for the water
entering by valve 12 to vaporize in 3, the pressure
in still 2 must be not above at the vapor pressure
of the water at the temperature attained in 3.
Exchange of heat in 6 and 6’ may be and prob-
ably will always be sufficient to vaporize all of
the water passing through valve {2. The com-
pressor 5 will compress thé vapors to a high pres-
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sure in 6’ and the temperature will rise as the
result of the heat of compression. Due to the
increase in pressure, the temperature at which
the vapors will condense is increased. If the drop
in temperature as a result of imparting the latent
heat of distiliation to the liquid passing via (2 is
insufficient to drop the temperature to the desired
temperature in 7, the compressed vapors must be
cooled. 'This may ke attained by heat exchange
with the circulating water in [{ in heat exchange
coils § and &’, and if necessary by heat exchange
with the incoming material by a proper setting
of valves ig and 1p in the by-pass line. If this
is not enough cooling, extraneous air or water
cooling may be resorted to. "The heat exchange
in 6 and §’ provides nearly all and usually all of
the latent heat or vaporization of the water en-
tering into 3. Because of the heat content of
the non-steam vapors, the heat available in the
compressed vapors may be more than enough to
vaporize the water. If needed, additional heat
may be added to the feed by exchanger i3b and
heater 2qa. ‘

The following examples may be given as an
illustration of the principles of the operation of
my processes and not as & limitation thereof, and,
as will be understocd by those skilled in this art,
the illustrated applications of this principle,
shown as applied to distiliation of a petroleum
oil, is equally applicable to any distillation process
in which a phase separation between the water
condensate and the remaining distillate may he
effected.

Example 1

In Fig. 1 the feed may be a hydrocarbon gas
oil or fuel ¢il fraction containing 8.6 mol per
cent of hydrocarbons in the gasoline range. Still
2 is operated at a pressure of 10 pounds gage and

a temperature of 260° F. The steam rate in still :

3 is about 1.4 mols of steam per mol of such
lighter hydrocarbon material. The condenser
separator T is operated at a pressure of 30 pounds
gage and a temperaiure of 260° F. The 260° 7.
vapor passing through 4 is compressed by pump
5 to 30 pounds gage plus, 1. e, to a pressure suf-
ficiently above the pressure in T to permit fiow
through the lines between the compressor and
the separator. For all practical purposes this
pressure drop may be ignored. The heat of com-
pression will raise the temperature to awvout
350° F. In passing through the heat exchange
coils §’, it is cooled to 280° I, and cooled down to
about 260° . in the exchanger 2'. At this tam-
perature and pressure (giving effect to the partial
pressure of the gasoline hydrocarbons), the gas-
oline hydrocarbens will condense and the residual
water vapor will also condense. The condensa-
tion temperature of the water vapor at 30 pounds
gage is 274° I, and at 280° F. substantially all of
the water vapor will condense, as will the hydro-
carbons of this example, leaving some uncon-
densed fized gases and vapors passing through 15,

The water separates from the condensed hydro-

carbons and is withdrawn under its own pressure

of 30 pounds gage, reduced in pressure through
valve 12 to 10 pounds gage, and passed through
the exchanger § where it is heated in heat ex-
change with the hot vapors to a temperature of
300° P. The water is thus vaporized and super~
heated, since the bhoiling point of water at 10
pounds gage is 239.4° F.,

Example 2

The same principle applies when steam. distill-
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ing in vacuum, but higher compression ratios are
obtainable on the compressed vapors.

The still 3 is operated at a pressure of 3 pounds
per square inch absolute (p. s. i. a.) and at a
temperature of 145° F., using the same feed anc
steam rate as in the previous example. The
vapors are compressed to produce a pressure of
about 14.7 p, s. 1. a. in 71, i. e., atmospheric pres-
sure, and raised to a temperature of ghout 400° F.
In passing through heat exchanger §’ the vapors
are reduced in temperature to about 12¢° ¥, and
then cooled in exchanger 2’ to a temperature of
about 100° F., and condensate is separated in 7.
The water separated at 100° F. is passed through
valve #2, reduced in pressure to a pressure of
3 p. s. i. a., and passed through heat exchanger 6
wherein it is vaporized and superheated to a
temperature of 300° F.

It will be observed that in both of the above
examples the water travels in a closed cycle and
therefore, assuming a constant flow rate of oil
entering 8, the circulation of the water to keep
a constant level in T will thus control the volume
of steam at the partial pressure of steam in 3.
The only loss of water will be that lost in the
vapror exiting through (8§ or lost by entrainment
in i3 or 9. These losses will he insignificant.
It will also be observed that all heat exchange
operations are at relatively high temperatures
and that none of the vapor or liquid streams
require cooling water at atmospheric tempera-
ture. Thus, the water requirements are reduced
to a minimum. '

In the cycle illustrated in Fig. 2, the tempara-
ture of condensation of the steam is higher than
the temperature of the distillation, and water is
circulated from the still to act as a condensing
medium. The material to be distilled enters
through {1, passes through valve 18 and the heat
exchange coil 19 in exchange with coil 37, with
additional material passing through the valved
by-pass line 28, through heat exchange coil 2%¢
in heat exchange with coil 26 and the combined
streams then pass through the heater 21 into
the evaporator 22. The vapors pass through 23
and through compressor 24 pumped through ex-
change coils 25 and 26 into the distillate collec-
tor 21, and the uncondensed vapors removed from
28 for further processing. Any condensate lighter
than water is removed from 30 and the water is
withdrawn through line 3{, passed through heat
exchange coil 82 by the pressure reduction con-
trol valve 33, into the evaporator 22. Residue
lighter than water is withdrawn through 39
and water is withdrawn through line 34 by valve
35 and pumped by pump 36 and heat exchange
coil 37, line 38, into the line 29. Any additional
water, if desired, may be passed through line
48 under control of valve 4.

In this cycle thé vapors generated in low pres-
sure still 22 are compressed and heated by heat
of -compression by pump 24 and passed through
coil 25 into the condensate receiver 21. 'The
heated compressed vapors are cooled and the
latent heat of condensation of the water and
distillate vapors are withdrawn in exchangers
32 and 26a.

The water circulating from the evaporator 22
by way of pump 36 is at a lower temperature
than the operating temperature in 27 and thus
acts as a cooling and condensing medium 21.
Additionally, it may be cooled by heat exchange
with the incoming material to be distilled. The
circulating water thus acts to further condense
steam and condensate in 21. The water thus
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‘being heated again to a temperature obtaining
in the receiver 27. The temperature of the water
passing by valve 33 is above the equilibritm tem-
perature at the pressures in 22. The heat in the
water entering via 33 is insufficient to evaporate
all of the water by pressure drop through valve
33, nor is the heat in the stream entering from
21 sufficient when added to the heat of the water
sufficient to vaporize all of the water entering
through valve 22. Only part of the water is
‘evaporated and the remaining water is removed
through 34. The control of the amount of water
evaporated, and therefore the partial pressure
of the steam in 22, is by the rate of recircula-
tion of the water through the valve 32, and by
control of the temperature of the matmlal pass-
ing through 21 into 22.

Fig. 3 shows a similar cyele in which the hot
water from the condenser-separator is passed to
an evaporator-cocler and steam still for gen-
eration of the steam and the cooling of the
water, instead of directly inte the main still
where these functions are combined with the dis-~
tillation of the incoming feed material.

In the cycle illustrated in Fig, 3, the steam gen-
eration step is in a unit separate from the still
but operatlng at substantially the pressure of the
still, i. e., at some higher pressure than the still,
determmed by the back pressure of the vapor
lines connecting the two units. Thus, material
to be distilled may be introduced through line
£2 and a portion or all of the stream may be
passed via valve 42¢ and heater 43 into the evapo-
rator 44 where it meets steam entering through
43. The unvaporized material is withdrawn
through line 486 under the control of valve 4T.
The vapors including steamn are withdrawn
through line 48 by comipressor 4% and may he
passed either by means of valve §8 directly into
yveceiver 58 and/or by-passed through line 52 by
means of valve 51 and passed through the heat
exchange coil 53 or by means of valve 58a and
heat exchange coil 539 in exchange with a por-
tion of the incoming feed material by-passed

through valve §8c and heat exchange coil 80d

back into line 55.

* The partially cooled vapors in §§ pass into
the condensate receiver 56 where any condensate
may be separated, and since it will be materially

‘higher boiling than water (If there be any such .

present) it may be withdrawn through the valved
line 8¢ and returned to the still. The vapors
then pass through the compressor §8b and line
‘BSe into the tower 3T. The vapors are washed

with water entering through 58 and the uncon- .

densed vapors are withdrawn through §%. The
condensate lighter than water is withdrawn
‘through 88 and by control of valve 88b returned
to line 42 and the hot water is withdrawn through
‘#1 under control of valve §2 and pased mto the
evaporator 54.

Steam is withdrawn from the evaporator
through 52¢ and cooled water is withdrawn
through line 83 by means of pump 64 passed to
the line 65 and then to line 8. The steam passes
through knock-back 85 wherein a portion may
be recondensed by exchange with a portion of
the incoming feed by-passed via valve 68, line
1, heat exchange eoil 68 back to line 42. The
steam condensate collecting in G5 returns to 54
by gravity and the uncondensed steam passes via
line 48 ang valve 45¢ into still 44.

Returning to the uncondensed distillate vapors
in §9, it is passed through heat exchange coil 68
in heat exchange with a portion of the feed from
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42 by-passed through valve T0 and heat exchange
coil Ti. The cooled vapors pass into separator
72, wherein the water is separated and with-
drawn via line 13 and valve T4 and returned to
58. The condensate, if lighter than water, is
withdrawn via line 1T and valve 18 and the un-
condensed vapors are withdrawn via line 75 and
valve 18.

Tt will be observed that the evaporator 54 is
at the pressure of the still 48 or somewhat higher,
depending upon the back pressure in line 485,
knock-back 65, and the connecting lines. The
material passing through 48 is heated by the
hest of compression by means of compressor 49
and has its temperature raised above that in 44
or 54. The material in passing through 53 is
condensed at pressures in excess of the pressures
and temperatures maintained in 54. The latent
heat of condensation at this higher pressure is
transferred to supply the latent heat of vaporiza-
tion of the water at the lower pressure in 54, The
temperature of the condensate in 57, due to the
higher pressures in 57 than obtains in 54, will be
higher than the temperature of the hot water in
54 and this hot water may then circulate
through line 63 to aid in the condensation of
steam and other vapors in 57. The water then
exiting from 57 via 61 is at a higher temperature
than the equilibrium temperature of the water
in 54 and when it enters 54 will vaporize. Only
a fraction of this water is vaporized, the frac-
tion depending upon the temperature of the
water passing through 61 and the heat imparted
by coils 53 and temperature and pressures main-
tained. 'This then controls also the volume of
steam entering through 45. Because this vapori-
zation rate may be excessive for the steam rate
required in 44 some of the steam is condensed
in 65 and the resultant condensation of the
steam holds and controls the steam rate in 44.

Emample 3

The following example, which relates to the
flow sheet of Fig. 3, will also be pertinent in illus-
trating the fundamental relationships of the
flow sheet of Fig. 2. For purposes of illustration,
as explained in connection with Examples 1 and
2, T will use the same feed material and the same
steam rate as in Examples 1 and 2.

In Pig. 3, the still 44 is maintained at a tem-
perature of 145° F. and a pressure of 3 p. s. 1. a.
The inlet temperature of the feed into 44 is
155° F. Assume for purposes of illustration the
material entering line 42 passes through coil Ti
and coil 68, valves 50c and 42¢ are closed. The
evaporator 54 and knock-back 65 are maintained
at about 6 p. s. 1. a. by the proper setting of valve
45q0. The vapors are compressed in compressor
‘49 to a pressure sufficient to maintain a pressure
of 15 p. s. i. a. in 56 and are heated to a tem-
perature of about 400° F. by compression. In
passing through the coil 83, valves 50 and 50a,
being closed, the vapors are reduced in tempera-
ture to about 185° F. Normally no water would
condense due to the partial pressure of the hy-
drocarbons present, but if there be any high boil-
ing oil fractions, they may be condensed and re-
turned to the still. The vapors withdrawn from
56 are further compressed in a second stage of
compression by means of compressor 56b to a
pressure sufficient to maintain 60 pounds gage in
57 and the vapors are heated by compression §
temperature of about 435° F. and introduced 1nto
the separator 51. Relatively cool water with-
drawn from evaporator-cooler 54 at g tempera-
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ture of about 170° P. is passed by pump 64 into
87 and by heat exchange with the hot vapors is
heated to a temperature of about 200° F., cool-
ing the vapors to approximately this tempera-
ture.

The hot water is then passed into the evapora-
tor-cooler steam still 54. At the circulation rate
of the water passing to the separator 57, because
of the temperature of the water and the heat in
the vapors passing through the coil 53, an ex-
cessive vaporization of the water in 54 results
which is in excess of the steam rate desired in #4.
This has the effect of cooling the water in 54 to
the desired low temperature, The fraction in ex-
cess of the desired steam rate is condensed in 65
by exchange with the oil passing through 68 and
the condensation of the steam fraction in 65
controls the volume of steam passed to stil] 44,
and therefore the steam rate. At the steam rates
indicated, about ¥ of the steam generated in 54
is condensed in 65.

The vapors exiting through 59 are cooled by
exchange with the incoming feed to reduce them
to a temperature of about 85° F. and the pre-
heated oil passing through the coil 68 is heated
to a temperature of 155° F., the initial tempera-
ture of the feed being adjusted to obtain the de-~
sired temperature of 155° P, The heater 43 is
then not used, or if it is to be used, the initial
temperature of the feed may he lower.

The water condensate is withdrawn via, line 73
and valve 74 and returned to 54. The hydrocar~
bens are withdrawn via line 7T and valve 18 and
the uncondensed gas withdrawn vig line 13 and
valve T6.

In the previous examples as illustrated by Figs.
1. 2 and 3, the latent heat of evaporation of the
steam was supplied in part by indirect heat trans-
fer from the heat of the compressed vapors.
Where the pressures and temperatures are favor-
able, the steam generation may be made by flash
evaporation. The heat necessary to generate the
steam vapors is obtained by compressing the
steam vapors and washing the compressed steam
with the water cocled by the evaporation in gen-
erating the steam. This is illustrated by flow
sheet of Fig. 4.

The incoming material to be distilled passes
through line 78 and heat exchange coil 182 (in
exchange with coil 127) via valve 78¢ and heat
exchange coil 82 (in exchange with coil {{6) and
line 87, or by-passed in whole or in part via
valve 780 into line 88 and may be apportioned
by setting of valves 78 and &8, part to be passed
through coil 82 and line 87 and part through line
83, coil 84, and line 25 and combined with line
88 and introduced into the still 89.

The vapors from 89 pass via line 92 and are
compressed by compressor 84 and the compressed
and heated vapors enter the fractionsting tower
86 in which they are separated into fractions by
aid of the recirculated relatively cool water added
through 97. Condensate, if of lower specific
gravity than water, is separated via line 8¢ and
valve 182 and introduced into line 92 wherehy
it is introduced as a reflux in still 82, The rela-
tively hot water is passed through line 98 and
valve 99 into line {00 from which it passes into
the steam generator 85. Steam vapors separated
from the water in 85 are in part condensed by the
heat exchange coil 84 and the uncondensed frac-
tion passes via valve 91 and line 20 to enter the
steam still 89.

The unevaporated relatively cool water is with-
drawn from 85 via line {07 and pumped by pump
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108 into lines 87 and (66 by proper control of
valves {09 and (0. The uncondensed fraction
of water and distillate vapors are withdrawn from
96 via line 103 and compressed to a higher pres-
sure by compressor 104 and introduced into recti-
fication tower {05 in which separation of frac-
tions occurs by aid of the relatively cool water
introduced via 106.

The uncondensed fractions pass via line (I§
and coil {i6 in heat exchange with coil 82 and
are introduced into the separator 117. The water
condensate in 105 is withdrawn via line (13 and
valve |14 and introduced into line 189. The con-
densed distillate fraction, if lighter than water,
is withdrawn via line {Ii and valve 112 and
passes into line 92.

In the separator {{71, the lightest fraction, if
lighter than water, is withdrawn via line 122 and
valve 123 and passed to storage or other disposal.
The water condensate is withdrawn via line 1214
and valve 128 and passed into line (19. The
uncondensed vapors and gases are withdrawn via
line 118 and valve }18. The residue withdrawn
from still 89 via line {24 and valve 125 and pump
126 -is passed through coil (27 in heat exchange
with incoming material via line 78,

To illustrate the operation of this ecycle and
for purposes of comparison with the other cycles,
the steam distillation of the material employed
to illustrate the operation of the cycles of Figs.
1-3, inclusive, may be employed, employing also
the same steam rate.

Example 4

The o0il entering via line 88 may be at a tem-
perature of 155° F., the still beinz operated at a
temperature of 145° F. at 8 p. s, i. 4. in the pres-
ence of steam introduced via 98. The residue
is withdrawn at a temperature of 145° P, and may,
if desired, be used to preheat part cf the feed
which is introduced at the desired initial tem-
perature.

The vapors via 93 are compressed from 3
P. s. i.a to 15 p. s. i. a. in $6 and are thus
heated to a temperature of ahout 400° F. They
are reduced in temperature to about 185° B, by
heat exchange in 96 (at 15 p. s. i. a.) with water
circulated from 85 at a temperature of about
170° F. The water condensate is withdrawn from
96 and introduced into the evaporator cooler
85 in which it is reduced in temperature to ahout
170° F by evaporation in 85 at a pressure of 6
p. s. i. a.

The uncondensed vapors from 96 are further
compressed to obtain a pressure of 60 pounds
per square inch gage (p. s. i. g.) in 105 and are
thus superheated to a temperature of about
435° P. and are introduced into rectifying tower
105 at sbout this pressure in which they meet
a stream of water at about 170° ®, circulating
from 85.

The condensed water is withdrawn vig, line
113 and valve ({4 and recirculated to the flash
evaporator 85. The oil condensates in 96 and
{05 are withdrawn via lines {81 and 112, respec-
tively, and recirculated as reflux to the still 89
via line 92.

The vapors and gases passing at about 200° P,
via line {i5 are reduced in temperature in ex-
changer {16 to a temperature of 85° F. and sepa-
rated in separator {17 at substantially 50 p. s. 1. g.
The water condensate is withdrawn via line {20
and valve (21 and introduced into line !00.

Returning to the flash evaporator 85, the heat

In the stream entering 85 is such that at the
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pressure in 85 the amount of water vaporized
is in excess of the steam rate desired. The ex-
cess is separated by .condensing the undesired
fraction, i. e., about 369 of the generated steam.
The latent heat of condensation thus withdrawn
is used to add heat to the feed passing to the
still 83. Thus the steam rate is controlled with~
out raising the pressure or temperature in still 88.

In the previous flow sheets 2, 3, and 4, the
water circulated was in excess of the water needed
for steam generation for use in the steam still.
In Fig. 5 is illustrated a system in which the
water circulated is equal to the steam reguire-
ment. The feed passes through line {28 and
by control of the valves (28 and (38 may. be
passed in whole or in part through heat ex-
change coil 131 and line 132 and then by contrel
of the valves (33 and 134 may be passed in
whole or in part through heat exchange coils i35
and if necessary through' the heating coil (37
by proper control of valves {3§ and {39 into
still -149. ‘

The vapors from still 140 pass via line (41 and
compressor 142 and by control of valves 143 and
144 and 143’ may pass via heat exchange coil 145
in heat exchange with coil 131 and through coil
146 in evaporator 147 and through cooling coil
{48 into the rectifying tower 149 or directly (valve
143 and 143 being opened and 144 closed)
through cooler {48 into still 149. The water con-
densate passes out of the tower via line {50 under
control of valve 151 {o be introduced via line 152
into the water evaporator {41, The condensate,
if lighter than water, passes via line {33 con-
trolled by valve 154 to be introduced as a reflux
in still 140. ’

The overhead vapors from {48 pass via line
{54 and are compressed by compressor 185 and
may pass in whole or in part through coils 158
in evaporator 147, by control of valves (81 and
158, and then in part or in whole through coil
159 in heat exchange with coils 135 by proper
control of valves i61 and 160. The vapors are
then introduced into the separator 162. The un-
condensed gases are withdrawn via 163 by control
of valve  164. The water condensate, if any, is
withdrawn via line 163 and valve 166 to pass
with any make-up water as desired infroduced
vig line 167 and valve 168 to pass into line 152..

Condensate lighter than water is withdrawn via
line 164 and by control of valves 170 and 111
may be passed in part to storage via {72 and
in part via {73 to be introduced as reflux into
rectifier 149. . :

The operation of this eycle may be illustrated
and compared with the other cycles by employing
the feed material and steam rate of the other
examples. -

’ Example 5

The still 140 is operated at a temperature of
about 145° F. and a pressure of 3 p. s. i. a. The
vapors are compressed in 142 to a pressure suffi-
cienit to obtain 15 p, 5. 1. a. in 148 and heated to
3, terhperature of about 400° F. The vapors from
thé compressor 155 are compressed from a tem-
perature of about 185° F. and pressure of 15
p.s.i.a to a pressure of 60 p. s, 1. g. in 162. The
gases are heated by this compression to a tem-
perature of 435° F. The available heat in the hot
gases will be, in the case of the example given,
in excess of that necessary to generate the steam.
In fact, only a portion of the heat is necessary
for this purpose. The remaining heat may be
dissipated by heat exchange with the incoming
feéd. The coils may thus be by-passed in part
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or whole to limit the heat required to vaporize
all the water entering via 152 fto maintain an
initial constant level of water in 147. :

While I have for purposes of illustration re-
ferred the application of my system to the dis-
tillation of petroleum oil containing hydrocar-
bons in the gasoline range, my invention is not
so limited and may be employed for the steam
distillation of any ligquids or solids where the
vaporization temperature and pressure of the still
are such that at such pressure and teinperature
steam may be generated from liquid. Numerous
examples will suggest.themselves to those skilled
in this art as a result of the teachings of this
application.

While I have described a particular embodi-~
ment of my invention for the purpose of illus-
tration, it should be understood that various mod-~
ifications and adaptations thereof may be made
within the spirit of the invention as set forth
in the appended claims. o

I claim: . :

1. A method for steam distiliation, which com-
prises passing steam into a maferial undergoing
distillation in a distillation zone at a distillation
temperature, removing the vapors containing
steam from the undistilled residue, compressing.
the mixed vapors above the pressure at which
distillation oceurred, heating said mixed vapors
by such compression above the temperature of
distillation, cooling said mixed vapors to condense
watbter from said vapors at said higher pressure,
reducing the pressure on said water to substan-.
tially the pressure of said distillation and passing.
said water in heat exchange with the compressed
vapor thus cooling said vapors, vaperizing a por-
tion of ‘said water at said lower pressure to form
steam, leaving some water unvaporized, introduc-
ing said steam into said distillation zone, passing
said unvaporized water in direct contact with
said compressed vapors at a higher pressure than
said lower steam forming pressure, and cooling
said compressed vapors by heat exchange be-
tween said vapors and said water by said direct
contact at said higher pressure.

2. A method for steam distillation, which com-
prises passing steam into a material undergoing
distillation in a distillation zone at a distillation
temperature, removing vapors containing steam
from the undistilled residue, compressing said
mixed vapors above the pressure at which said
distillation occurred, heating said mixed vapors
by such compression above the temperature of
distiliation, cooling said mixed vapors by indirect
heat exchange with g water maintained in a
vaporizing zone at a pressure substantially that
of .said distillation zone, vaporizing said water to
form steam, introducing said steam into said dis-
tillation zone, condensing water from said cooled
vapors at a pressure and temperature substan-
tially higher than is maintained in said water
vaporizing zone, separating said condensed water,
reducing the pressure on. said water, introducing
said water into said water vaporizing zone at said
reduced pressure, removing water from said water
vaporizing zone, introducing said removed water.
into contact with the compressed vapors at a
pressure. substantially higher than said water va-~-
porizing zone, and condensing said compressed
vapors at said higher pressure.

3. A method for steam distillation, which com-
prises passing steam into a material undergoing
distillation in a distillation zone at a distillation
temperature, removing vapors -containing steam
from the undistilled residue, compressing  said
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mixed vapors above the pressute at which distillas
tion occurred, heating said mixed vapors by such
compression above the temperature of distillation,
coaling said mixed vapors by indireet heat ex-
chdange with a water maintained in a vaporizing
zone at a pressure substantially that of said dis-
tillation zone, vaporizing said water to form
steam, partially condensing said steam, separat-
ing the uncondensed steam from the steam con-
densate, intreducing the uncondensed steam
vapors into said gigtillation zone, commingling
the steam condensate with the water in said water
vaporizing zone, condensing water from said
cooled vapors at a pressure substantially higher
than is maintained in said water vaporizing zone,
separating said condensed water, reducing the
pressure on sald water, and introducing said water
into said water vaporizing zone.

4. A method for steam distillation which
comprises passing steam into a material un=
dergoing distillation in a distillation zone at
a distillation temperature, removing vapors
conttaining steam from the undistilled residue,
compressing said niixed vapors above the pres-
sure at whieh distillation occurred, heating said
mixed vapors by such compression above the tem-=
perature of distillation, eoslihg said mixed vapors
by indirect heat exchange with a water main-
tained in a vaporizing zone at a pressure sub-
stantially that of said distillation zoxe, and va-
porizing said water t¢ form steam, condensing
water from said cooled vapors at a pressure and
termiperature substantially higher than is main-
tained in said water vaporizing zone, separating
said condensed water, reducing the pressure on
said water, initrodueing said water into saig water
vagorizing zone, removing water from said water
vaporizing zone, intreducing said removed water
into contact with the compressed vapors at a
pressure. substantially higher than said water
vaporizing zene, cooling said compressed vapors
by contact between the vapotrs and the water, and
condensing said compressed vapors at said higher
pressure,

5. A method for steam distillation, which com-=
prises passing steam into a material undergoing
distillation in 4 distillation zone at a distillation
temperature and pressure, removing vapors of
said material mixed with water vapors from the
unvaporized residue, compressing the mixed
vapors to a pressure substantially higher than
the pressure in sdid vaporizing zone, heating the
vapors by such ¢ompression, passing the com-
pressed vapors in heat exchange with water in a
water vaporizing zone maintained at & pressure
substantially that of the distillation zone to. cool
the vapors and to supply latent heat of vaporiza-
tion of the water, condensing a portion. of the
compressed vapors; separating condensate from
the uneondensed vapors at such higher pressure,
further compressing said uncondensed vapors to

a highet pressure and thus further heating said

vapors by such compression, passing said further
compressed vapors- in heat exchange iith said
water in said vaporizing zone to further supply
latent heat of vaporization of said water ih said
vapadrizing Zone and t0 cool the further com-
pressed vapors, cohdensing water from said fur-
ther compressed vapors at such higher presstire,
separating such water condensate from the un-
condensed vapors at such higher pressure, re-
ducing: the pressure. on said water condensate,
and introducing such water at such reduced. pres-
sure into said water vaporizing zone.

6. A method; for steam distillation, which com-
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prises passing steam into a material undergoing
distillation in a distillation zone at a distillation
temperature and pressure, removing vapors. of
said material mixed with water vapors from the
unvaporized residue, compressing the mixed va«
pors to a pressure substantially higher than the
pressure in said vaporizing zone, heating the
vapors by such compression, passing the -com-
pressed vapors in heat exchange with water in a
water vaporizing zone maintained at a pressure
substantially that of the distillation zone to cool
the vapors and to supply latent heat of vaporiza-
tion of the water, condensing a portion of the
compressed vapors, separating condensate from
the uncondensed vapors at such higher pressure,
further compressing said uncondensed vapors to
a higher pressure and thus further heating said
vapors by such compression, passing said further
compressed vapors in heat exchange with said
water in said vaporizing zone to further supply
latent heat of vaporization of said water in said
vaporizing zone and to cool the further coms«
pressed vapors, separatirig water from said water
vaporizing zone, commingling said watér with the
further compressed vapors at a pressure sukstan-
tially higheér than the vaporizing zone, and cool-
ing the compressed vapors at said higher pressure,
condensing water from said further comptessed
vapors at such higher pressuire, separating such

. water cordensate from the uncondeénsed vapors

at such higher pressure, reducing the pressure on
said water condensate, and introducinig stch
water at such reduced pressure into said water
vaporizing zone,

7. A method for steam distillation, which com-
prises passing steam into a material undergoing
distillation in a distillation Zone at a distillation
temperature and pressure, rémoving vapors of
said material mixed with water vapors from the
unvaporized residue, compressing the miked va-
pors to a pressure substantially higher than the
bressure in said vaporizing Zone, heating the
vapors by such compression, passing the coin-
pressed vapors in heat exchange with water in a
water vaporizing zone maintained at a pressure
substantially that of the distillation zone to. cool
the vapors and to supply latent heat of vaporiza-
tion of the water, condensing a portion of the
compressed vapors, separating condensate from
the uncondensed vapors at such higher pressure,
further compressing said uncondensed vapors to
a higher pressure and thus further heating said
vapors by such compression, separating water
from said water vaporizing zone, commingling
said water with the further compressed vapors to
cool the same, condensing water from said fur-
ther compressed vapors at such higher pressure,
separating such water condensate from the un-
condensed vapors at such higher pressure, reduc-
ing the pressure on said water condensate, and
introducing such water at such reduced pressure
into said water vaporizing zone.

8. A method for steam distillation, which ¢om-
prises passing steam into a material undergoing
distillation in a distillation zone at a distillation
temperature, removing the vapors containing
steam from the undistilled residue, compressing
the mixed vapors above the pressure at which
distillation occurred, heating said mikxed vapors
by such compression above the temperature of
distillation, cooling said. mixed. vapoers to con-
dense water from said vapors at said higher pres-
sure, reducing the pressure on said water to. sub-
stantially the pressure of said distillation, va-
porizing a portion of said water at said: lower
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préessure to form steam, leaving some water un-
vaporized, introducing said steam into said dis-
tillation zone, passing said unvaporized water in
contact with said compressed vapors at a pres-
sure substantially higher than the pressure in
the vaporizing zone, and cooling said compressed
vapors by direct heat exchange between said
water and said compressed vapors at said higher
pressure.

9. A method for steam distillation, which com-
prises passing steam into a material undergoing
distillation in a distillation zone at a distillation
temperature, removing vapors containing steam
from the undistilled residue, compressing said
mixed vapors above the pressure at which dis-
tillation occurred, heating said mixed vapors by
such compression above the temperature of dis-
tillation, cooling said mixed vapors, condensing
water, separating said condensed water, reducing
the pressure on said water, introducing said water
into a water vaporizing zone, vaporizing said water
to form steam, introducing said steam into said
distillation zone, removing water from said water
vaporizing zone, and introducing said removed
water into contact with the compressed vapors
undergoing condensation at a pressure substan-
tially higher than the pressure in said water
vaporizing zone.

10. A method for steam distillation, which com-
prises passing steam into a material undergoing
distillation in a distillation zone at a. distillation
temperature, removing vapors containing steam
from the undistilled residue, compressing said
mixed vapors above the pressure at which distilla-
tion occurred, heating said mixed vapors by such
compression above the temperature of distillation,
cooling said mixed vapors, condensing water, sep-
arating said condensed water, reducing the pres-
sure on said water, introducing said water into
2 water vaporizing zone, vaporizing said water
to form steam in said vaporizing zone, partially
condensing said steam, separating the uncon-
densed steam from the steam condensate, intro-
ducing the uncondensed steam vapors into said
distillation zone, and commingling the steam con-
densate with the water in said water vaporizing
zone.

11. A procesg of steam distillation, which com-
prises generating steam in a steam generation
zone, introducing heated material into a distilla-
tion zone, said material being heated sufficiently
to supply heat of vaporization of said material in
said distillation zone, introducing said steam into
the distillation zone, removing mixed vapors con-
taining steam from said distillation zone, com-
pressing said vapors above the pressure of said
distillation zone and said steam generation zone,

“thus heating the mixed vapors by said com-
‘pression, transferring a portion only of the heat
of the compressed vapors to the steam passing to
said vaporization zone; separately removing the
remaining portion of the heat added by com-
pression to the compressed vapors, further cool-
ing said compressed vapors, condensing the water
in said compressed mixed vapors at an elevated
pressure higher than said distillation pressure,
removing water of condensation, reducing the
pressure on said water, and introducing said
water into said steam generation zone, whereby
the latent heat of vaporization of water vaporized
in said steam generation zone is supplied solely
by the heat added to the water by said compressed
Vapors.

12. A method of steam distillation, which com-~
prises vaporizing water in a water vaporizing zone
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and passing steam so generated into 2 material
indergoing distillation in a distillation zone,
heating said material sufficiently to supply heat
of vaporization of said material, removing vapors
containing steam and vaporized material from
the undistilled residue in the distillation zone,
compressing the mixed vapors to a pressure in
excess of the said distillation pressure and in
excess of the pressure maintained in said water
vaporizing zone, heating said vapors to a tem-
perature in excess of the temperature maintained
in said distillation zone, partially cooling the com-

-pressed vapors by heat exchange with water un-

dergoing vaporization in the water vaporizing
zone, increasing the heat content of the water
undergoing vaporization and generated steam by
an amount less than the heat of compression,
additionally cooling the compressed vapors, by 2
heat exchange in addition to said aforementioned
heat exchange, and thereby removing the heat of
compression and latent heat of condensation of
the steam in said compressed mixed vapors and
thus condensing steam at said higher pressure,
removing the condensed steam, reducing the pres-
sure on said steam condensate, and introducing
said condensate into the water vaporizing zone
wherein the water-is vaporized, the latent heat of
vaporization of water being supplied solely by the
heat added to said water by said compressed
vapors.

13. A method for steam distillation, which com-
prises passing steam into a material undergoing
distillation in & distillation zone at a distillation
temperature and pressure, removing vapors of
said material mixed with water vapors from the
unvaporized residue, compressing the mixed va-
pors to a pressure substantially higher than the
pressure in said vaporizing zone, heating the
vapors by such compression, passing the com-
pressed vapors in heat exchange with water in a
water vaporizing zone maintained at a pressure
substantially that of the distillation zone to cool
the vapors and to supply latent heat of vaporiza-
tion of the water, condensing a portion of the
compressed vapors of the vaporized material and
of the compressed water vapor, separating con-
densate from the uncondensed vapors at such
higher pressure, further compressing said uncon-
densed vapors to a higher pressure and thus fur-
ther heating said vapors by such compression,
passing said further compressed vapors in heat
exchange with said water in said vaporizing zone
to further supply latent heat of vaporization of
said water in said vaporizing zone and to cool
the further compressed vapors, condensing water
and said vaporized material from said further
compressed vapors at such higher pressure, sep-
arating such water condensate from the uncon-
densed vapors at such higher pressure, reducing
the pressure on said water condensate, and in-
troducing such water at such reduced pressure
into said water vaporizing zone.

14. A method for steam distillation, which com-
prises passing steam into a material undergoing
distillation in a distillation zone at a distillation
temperature and pressure, removing vapors of
said material mixed with water vapors from the
unvaporized residue, compressing the mixed va-
pors to a pressure substantially higher than the
pressure in.said vaporizing zone, heating the va-
pors by such compression, passing the compressed
vapors in heat exchange with water in a water
vaporizing zone maintained at a pressure sub-

stantially that of the distillation zone to cool the
vapors and to supply latent heat of vaporization
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of the water, condensing a portion of the com-
pressed vapors of the vaporizeéd materinl and of
the compressed water vapor, separating conden-
sate from thée uncondensded vapors at such higher
pressure, further compressing said uncondensed
vapors to a higher pressure and thus further
heating said vapors by such compréssion, pass-
g said further compressed vapors in heat ex-
chénge with said water in said vaporizihg zone
to further supply latent heat of vaporization of
said water in sald vaporizing zone and to tool
the further compressed vapors, separating water
from said water vaporizing zone, ¢ommingling
said water with the further compressed vapors at
a pressure substantially higher than the vaporiz-
ing Zone and ceoling said vapors at zaid higher
pressure, condensing water and said vaporized
material from said further compressed yapors
at such higher pressure, separating such water
condensate Trem the uneondensed vapors at suth
highar pressure, reducing the bressure oh said
water condensate, and introducing such water
at sueh reduced pressure into said water vapor-
izifig Zone.

15. A method for steam distillation, which com-
prises passing steam into a material andergoing
distillation in & distillation zone at a distillation
temperature and pressure, removing vapors of
zaid material mixed with water vapors from the
unvaporized residue, compressing the mixed va-
Pors t0 a préssure subistantially higher  than
the pressure in said vaporizing zone, heating the
vapors by sueh ‘compression, passing the com-
pressed Vapors i heat exchange with water in a
watel vaporizing zome taihtained at ‘a pressure
substaintially that of the distillatioh zone to cool
the vapors and o supply latent heat of vaporiza-
tion of the water, sondehsing & portion of the
ctinpressed vapois of the vaporized material and
of the compiessed watler vapor, ‘separating ‘eon-
Hensate from the whtohdehsed vapors at such
higher pressuie, fither compressing said wn-
condensed vapois to a higher pressure 4nd thus
foither heating kaid vapors by such compression,
separating Twatkr fioih said wabter vaporizing
zOne, comininhgling said water Wwith the further
compressed vapois 1o ©ool the same, condensing
water and $aid vaporized myaterial Trom said fur-
thier ‘compressed vapors at §ach higher pressure,

separating such svater dondengate frovh the un- -

condeised Vapor at stich hizher pressire, reduc-
ing the Dréesslre 'oh said witer condensate, and
intiedueing stich water at such teduced pressure
intd said water vaporiZing zone.

16. A process of Steam QiStilstion, which cont- .

prises passing steam throtigh a material underzo-
ing diftiligtion in a-didtillation zone heatiirg said
material sufiiciently ‘to siupply the heat of vapor-
ization of said thaterial, rémoving ‘mixed vapors
of water and ‘the ‘vaporized ‘material Trom said
distillation Zzone, compressihg the mixed vapors
to a pressure substantially higher than ‘the -dis-
tillation pressure and thus heating the mixed va-
vors to a tempérdture substantially Hizher than
the distillation tefmperdtiive, passihg said cotn-
bressed vapors ‘in ‘heat ‘exchange With water ‘and
‘thus heating said wdter to a ‘témperature suffi-
cignt to vaporife said ‘water at o ‘pressure ‘sub-
stantially lower than ‘the pressure of said com-
‘Pressed vapors ‘bt below the boiling ‘point of the
water at the ‘préssire -of the comipressed vapors
in heat ¢kchange With the 'water, vaporizing ‘the
‘hedted water gt ‘o bressire ‘substantislly lower
than 'the $aid ‘Pressiive ‘of -said compressed vapors
the Jatent ‘hedt Of vaporization of Wwaiter huving
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been added solely by said heat exchange with the
compressed vapors, introducing the resultant
steam into the still, cooling the compressed va-
vors separately and independently from the
aforesaid heat exchange between said water and
the compressed vapors, condensing vapors of said
material vaporized by said distillation in @ con-
densation zone at a pressure substantially higher
than said distillation pressure, and removing
condensate from said condensation zone.

i7. A process of steam distillation, which com-
prises passing steam through a material undergo-
ing distillation in a distillation zone, hesating said
material sufficiently to supply the heat of vapor-
ization of said material, removing mixed vapors
of steam and vaporized material from the distil-
lation zone, compressing the mixed vapors to a
pressure substantially higher than the distilla-
tion pressure, condensing water at said higher
pressure, separating the condensed water from
uncondensed vaporous material, heating said
water by heat exchange with said compressed
gases to partially cool said compressed gases,
vaporizing said heated water in a vaporizing zone
at a vaporizing pressure substantially lower than
the pressure of said uncondensed vaporous mate-
rial the latent heat of vaporization of water hav-
ing been added solely by the heat exchange with
said compressed vapors, introducing the resultant
steam into the distillation zone, and further and
separately cooling the uncondensed vaporous ma-
terial at . pressure substantially higher than the
vaporizing pressure -of the water in said vaporiz-
ingzone.

18. A process of steam «distillation, which com-
prises passing steam through a material under-
golng ‘digtillation in g distillation zone at m, dis-
tillation temperature and pressure, removing
mixed vapors of steam and vaporized material
from the distiltation zone, compressing the mixed
vapors to a pressure substantially higher than the
distillation pressure :and thus hezting the com-
pressed gases to a temperature substantially high-
‘er than the distillation pressure, partially heat
exchanging said -compressed vapors with rela-
tively cool water and partially condensing said
vapors to form a water condensate in a condensa-
tion zone, separately Temoving the water from
the condensed compressed vapors, reducing the
pressure-on sald water condensate and vaporizing
steam -and thus cooling the water to a temper-
ature substantially below the temperasure of con-
densation of said water, passing such relatively
cool water in said heat exchange with said .com-~
pressed vapors, further and separately-cooling the
uncondensed -compressed vapors in -a separate
condensation zone :at a pressure isubstantially
‘higher than the pressure-in the vaperization zone
1o -condense distilled material, and removing the
-condensate from the material from said higher
pressure -condensation .zone.

RONALD 'W. HEATH.
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