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2,863,808 
APPARATTUS FOGER HORIZONTTAL DESTELLATION 

Michael Markeis, Jr., New York, N. Y. 
Applicationa May 2, 1956, Seria No. 586,0946 

3 Clainas. (C. 2092-58) 

This invention is an apparatus. 
All distillation of a commercial nature is done in ver 

tical distillation columns. So far as applicant can deter 
mine he is the first to have devised a horizontal distilla 
tion apparatus. 

It is an object to provide a horizontal distillation ap 
paratus. 
These and other objects will become apparent upon 

reading the following disclosure taken in conjunction 
with the accompanying drawing in which: 

Fig. 1 is a side elevation schematic view of the hori 
Zontal distillation apparatus, 

Fig. 2 is a detailed view of a section of the distilla 
tion apparatus of Fig. 1, 

Fig. 3 is a side elevation diagrammatic view showing 
one manner of moving the liquid being distilled, 

Fig. 4 is a view similar to that of Fig. 3 but showing 
another manner of moving the liquid being distilled, 

Fig. 5 is a schematic detailed view of the vapor pump 
manner of moving the liquid through the horizontal dis 
tillation column, 

Fig. 6 is a perspective view of a louvered slat bat in 
partly closed position used in the horizontal distillation 
column, 

Fig. 7 is a view of the slat bat of Fig. 6 in open po 
sition, 

Fig. 8 is a detailed section view of a part of the slat 
bat of Fig. 6 disposed in a sloped position and showing 
the passage of water thereover (single arrows) and the 
passage of vapors (double arrows) between the slats and 
through the cascading water, - 

Fig. 9 is a detailed section view of a bat made from 
wire mesh, 

Fig. 10 is a view of another bat provided with suction 
cups, and 

Fig. 11 is a side view of the bat of Fig. 10. 
Referring to the drawing and particularly to Figs. 1 

and 2 a horizontally disposed rectangular column 10 is 
provided with a plurality of inclined bats 11. 
The top wall of column 10 is provided with an inner 

top wall 2 (Fig. 2) spaced from an outer top wall 13 
by spacer plates 4. - 

Similarly the bottom wall of column i0 is provided 
with an inner bottom wall 15 and an outer bottom wall 
46. The inner bottom wall 5 is spaced apart from the 
outer bottom wall 6 by spacers 17. The inner bottom 
wail iš consists of a plurality of sections as does also 
the inner top wall 2. However, the sections of inner 
bottom wall 5 are provided with an angle formed be 
tween two divergently sloping wall pieces 18 and 19 
(Fig. 2). 

Referring to Fig. 1, the inlet feed pipe 20 of the liquid 
mixture to be separated by distillation is lead to a bat 
feed disposed between the inlet face plate 21 of the 
column 10 and the outlet face plate 22 thereof, depend 
ing upon the composition of said liquid mixture. 
A boiler 23 is provided with a conduit 24 which is 
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secured to inlet face plate 21. The high boiling fraction 
of the liquid mixture feed of feed pipe 20 is moved to 
ward boiler 23 by means of a plurality of conventional 
fluid pumps 25. 
Thus the high boiling molecules are pumped from the 

base of one bat to the top of the adjacent leftwardly dis 
posed bat (Fig. 1) whence the material flows by gravity 
down through the inclined bat 11 (Fig. 2) whereupon it 
collects in a trough disposed at the base of bat 11. 

In passing down through the bat 11 vapors from the 
boiler 23 transcending the bat 11 distill off the lower 
boiling molecules from the liquid mixture thus trans 
forming them into the vapor state, which vapors move to 
ward the outlet plate 22. 
The non-vaporized liquid collected in any of the plu 

rality of troughs formed by the sections 15 of the inner 
bottom wall are conveyed by conduit 26 provided with 
a control valve 27 (Fig. 2) to a pump 25. The liquid is 
then pumped by said pump 25 through a relatively tall 
conduit 28 to the top of the bat 11 disposed leftwardly 
of said pump 25 and toward said column inlet plate 21. 
The conduit 28 is preferably provided with a valve 29 
(Fig. 2) for control of the liquid flow therethrough. 
As shown in Fig. 2, conduit 29 passes through the top 

outer wall 13 and empties into a trough formed by a 
spacer plate 14 adjacent to conduit 28 and a weir wall 
30 of suitable height. The weir wall 30 extends the full 
width of the column 16 and thus also of the width of the 
inner top wall 12. The weirs 30 are provided with an 
integral inclined and depending lip 31 against which a 
bat rests at a pre-selected sloping angle. Bats 11 
are of suitable rectangular cross-section to snugly fit into 
column 10. 
A cross-plate 32 is fixedly secured to the opposed side 

walls of column 10 and continually dips into the liquid 
in the troughs between the sections of bottom inner Wall 
15, there is thus provided a seal between the bat 11 and 
the liquid in the trough and causing all vapors from 
the boiler 23 to pass through the bat 11. The bat 11 
may be and preferably is secured by conventional screw 
means (not shown) to weir lip 31 to prevent the bat 11 
from being blown away from the said lip 31. 

Referring now to Fig. 2, the bats 11 are inclined left 
wardly and into the vapor stream coming from boiler 23. 
Accordingly the gas pressure to the left of the plate 32 
and toward boiler 23 is greater than that on the right side 
of the respective bat 11 as shown by the difference in 
the level of the liquid on the two sides of any cross 
plate 32. 
The liquid material from the base of the bat 11 nearest 

the boiler 23 is conducted continuously through conduit 
33 into the boiler 23. Also a residue from boiler 23 
is continuously drawn of through conduit 34 from the 
boiler 23. Moreover, the vapor issuing from the bat 
11 nearest the outlet plate 22 is conducted through con 
duit 35 to a conventional condenser 36. The condensed 
liquid from through pipe 37 from the condenser 36 is 
in part returned to the bat 11 nearest the outlet plate 22 
and in part lead to storage as refined low boiling material 
through pipe 38. 
The apexed wall formed by plates 18 and 19 of the 

bottom inner wall 15 serve to deflect the drippings from 
a respective bat to a common trough. Thus any liquid 
falling through a bat 11 falls on a plate 19 whereas any 
running off the top surface of a bat 11 falls upon a 
plate 18 adjacent the top surface of the bat 11. But 
in any event, the material which falls from a bat 11 or 
runs down through its center is collected in a respective 
trough. 

In starting up the distillation column the boiler 23 
containing a liquid mixture to be distilled is heated and 
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the column 10 filled with vapor, whereupon the feed 
from conduit 20 is turned on and the process as ex 
plained above becomes a continuous distillation process 
with the residue high boiling fraction being drawn off 
continuously at conduit 34 and the low boiling fraction 
being drawn off continuously at pipe 38. 
The bats of this invention may be made from a variety 

of materials which can cause vapor to travel a tortuous 
path through the foraminous bat. 
Thus the material may be a plurality of screens being 

in commercial construction 4 or more inches in thick 
ness. Or the bats 1 may be made of expanded metal 
such as is used for metal laths. The material of the 
bat 11 may also be broken tile, conventional distillation 
rings or helices, etc. such as are used in vertical column 
distillation. Where small loose pieces are used the bat 
ii is provided with suitable spaced-apart retainer screens 
to hold a full charge of separate pieces (Fig. 9). 
On the other hand, the bats 11 may be made from 

rotatable slats rotatable as a unit (Figs. 6 to 8). Where 
the bats 11 are made from a plurality of slats, the slats 
39 are preferably made with a forward downwardly 
sloping front plate 40 integral with a rear upwardly 
sloping back plate 41 (Fig. 7). The downward slop 
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of the liquid in leg 52 produces the pumping action 
required. 
The bats are disposed into the vapor stream and 

toward boiler 23 (Fig. 1). The angle varies depending 
on the characteristics of the column and the material bcing 
distilled but an angle of about 70 is preferred. 
The bats may be circular for circular horizontally dis 

posed columns, ovaloid, etc. 
In optimum conditions of bat operation each cubic 

inch of bat will have the same quantity of liquid mix 
ture therein as the fall from the weir 30 is uniform 
along the entire top wall of a bat 11. 
Turning to Fig. 10 there is shown a modified form of 

bat or baffle plate having a plurality of dished punched 
out portions 54. These punched out sections are somc 
what Semi-cup shaped, each having a sloped surface over 
which the liquid mixture flows and then passes over the 
opening in the metal at the cup lip 55 where the liquid 
mixture being distilled comes in contact with the hori 
zontal stream of vapor from boiler 23. 
A series of runs of the horizontal distillation apparatus 

and process was conducted using air in lieu of vapor 
and water in lieu of a liquid mixture. The results are 
given in Table I here below. 

TABLE I 
S S SSSS qqSSSS SSqqqSSqqSqSqSqS 

Pressure Liquid Entraín- EL, Liq- EC, Gas Bat t 
Rura | Velocity, i drop, | flowªy, gal. Inent in || ui Efli- Ei i- „4, 11 , | \,, 1 :: tf - 

?t.fcc. inches of Inin. Ift. percont. cicncy, ciency, fert's ri: 
?? H???? fra (: tirn fraction 

11 1.2 11 0.1 .9) .93 55 2 
8 0.8 11 O . SS | .89 5 
5 0.2 11 () . 53 ... 7 : 55 2 

9 1.6 40 6.0 .9) .94 i 55 
7 l. 4 40 0. 9. .95 55 
4 O 40 O .S. 97 55 2 

8 ... 3 20 .9 .95 5 2 
8 0.9 20 O .94 .9 67 2 
8 0.6 20 0.7 .87 .89 79 2 

4 0.4 11 0. .87 .89 67 
7 0.6 11 0.3 .93 .84 67 
10 0.7 2. .9 .87 67 

ing front plate 40 facilitates easy movement of liquid 
thereover whereas the rear upwardly sloping slat plate 
41 prevents undue fall through or passage of the liquid 
through the slat. 
To obtain maximum efficiency of distillation in any 

one bat 11, the bat should entirely confine the moving 
liquid mixture therein. Fig. 8 shows by means of single 
barbed arrows the path of travel of liquid mixture over 
the slats and by means of double barbed arrows the path 
of travel of vapor from boiler 23 through a slat bat. 
The individual slats 39 are provided with a journal 

42 on each end which fit into suitable apertures in the 
end plates 43. Cross bars 44 are provided to hold 
end plates 43 in place. 
As shown in Fig. 6 the journals 42 may be fixedly 

Secured to links 45 and these links in turn are pivotally 
secured to an actuating bar 46. Thus operation of bar 
46 will selectively open or close all the passage ways 
between the slats an equal distance. 

Turning to Fig. 3 there is shown a heat pump 47, 
heated by steam in a coil conduit 48, or by other means. 
This pump 47 heats the collected liquid from the base 
of a bat 11 thereby causing the liquid to vaporize in 
part and thus pump the liquid to the adjacent bat dis 
posed toward the boiler 23. This heat pump 47 is used 
to replace motor 25. 

Moreover, as shown in Figs. 4 and 5 a vapor pump 
49 may be made by confining some of the vapor stream 
in pilot conduit 50 from the vapor exit side of a bat 11. 
The lifting effect of the vapor results from applying a 
condenser coil 51 to the down leg 52 of conduit 28, 
thereby condensing the vapor to liquid. The difference 

60 

EI, and Ecs in the above Table I are the conventional 
Murphree film efficiencies. 
The Murphree efficiency is a measure of the approach 

to equilibrium achieved by the stage or bat. EI was cal 
culated from the change in oxygen concentration which 
took place in the water as it flowed through the bat when 
the experiment was made with all the resistance to mass 
transfer in the liquid phase. This was done by stripping 
oxygen from the water with air. Similarly, E was cal 
culated from the change in water vapor concentration 
which took place in the air as it flowed through the bat 
when the experiment was made with all the resistance to 
maSS transfer in the vapor phase. These data for runs 
Í and 2 of Table I are shown below. The oxygen con 
centrations are given in parts per million oxygen in wa 
ter while the water vapor concentrations commonly called 
the humidity, are given in pounds of water vapor per 
pound of dry air. 

Rilin II 

Gas phase concentrations: Lb./lb. 
In ---------------------------------- 0.01652 
Out --------------------------------- 0.02016 
Equilibrium -------------------------- 0.02044 

The Murphree efficiency is the actual change in concen 
tration divided by the change which would have occurred 
had equilbrium been achieved as the gas passed through 
the stage. 

0.0206-0.01652 
77=6626-6,6153=0.93 

showing that 93% of equilibrium was achieved in the 
in density of the vapor-liquid in conduit 28 and that 75 experiment. 
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Liquid phase concentrations: P. p.m. 
In ------------------------------------- 16.0 
Out ------------------------------------ 8.3 
Equilibrium ----------------------------- 7.5 

The Murphree efficiency is again the actual change in con 
centration divided by the change which would have oc 
curred had equilibrium been achieved as the liquid passed 
through the stage. 

16.0-8.3 
E. L. 16.0. 7.5 

showing that 90% of equilibrium was achieved in the ex 
periment. - 

e O.90 

Run 2 

Gas phase concentrations: Lb./lb. 
In -------------------------------------------0.01416 ? 
Out --------------------------------- 0.0820 
Equilibrium --------------------------001868 

The vapor phase Murphree efficiency is calculated as be 
fore: - 

0.01820-0.01416 
` 0.01868- 0.01416 

showing that 89% of equilibrium was achieved in the 
experiment. 
Liquid phase concentrations: P. p. m. 

In ------------------------------------- 17.4 
Out ------------------------------------ 9.4 
Equilibrium ------------ ----------------- 8:3 

The liquid phase Murphree efficiency is calculated as be 
fore. 

showing that 88% of equilibrium was achieved in the ex 
periment. 

The efficiency results as well as the other pertinent data 
such as gas velocity, pressure drop, liquid flow rate, en 
trainment, bat angle and bat material designation are 
given in Table I. E., is based on the changes in 
concentration which take place in the liquid, while Ecs 
depends on the concentration changes in the gas. Taking 
Ecs as an example, this efficiency is equal to the ratio 
of the actual change in gas concentration across the stage 
to the change in gas concentration which would have 
occurred, had the outlet gas reached equilibrium with 
the liquid on the stage. Since in a practice equilibrium 
cannot be achieved, the change in concentration is less 
than the equilibrium change, giving an Er of less than 1. 

Bat material number 2 (Table I) is made from multi 
ple layers of knitted stainless steel, each layer being 
crimped in a herringbone pattern. The crimping of al 
ternate layers lying at right angles gives the bat a high 
internal void fraction 4 x 16 x 24 inches in size. 

Bat number 4 was made from 73 layers of flat un 
crimped screen, each layer separated from the other by 
a pair of crimped screens. Both bats number 2 and 4 
were 4 x 16 X 24 inches and fitted snugly into the horizon 
tal distillation column. 

Taking runs 1, 2 and 3 of bat number 2, the table shows 
that at 55 bat angle and 11 gallons per minute per foot 
(G. P. M./ft.) of weir, both Murphree efficiencies are 
highest at the highest air-rate (11 ft./sec). The reason 
is that this air velocity is needed to keep the liquid within 
the bat thereby preventing its draining out the front face. 
At 4.0 G. P. M./ft. of weir. (runs 4, 5 and 6), the efficien 
cies are higher but now the maximum in liquid contacting 
efficiency occurs at 7 ft/sec. while the maximum gas 
efficiency occurs at the lowest air velocity. The high wa 
ter rate makes the efficiencies less sensitive to variations 
in air rate. Runs 7, 8 and 9 show intermediate air-rate 
and water-rate with varying bat angles. For these runs, 
the pressure drop is highest at 55, indicating that most 
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of the water is being held in the bat. This gives the high 
gas film efficiency measured. It seems, however, that 
the water is actually broken up and contacted to better 
effect at 67 giving the high liquid efficiency reported at 
that angle. In general, pressure drop tends to increase 
with both liquid and gas loading. The variations with 
bat angle depends on the balance on the moving liquid, 
the pressure drop tending to decrease with the liquid as 
it drains out of the front face (toward boiler 23) at low 
gas velocity or is blown clear of the back face (toward 
condenser 36) at high velocity. Indication of this is 
shown by the entrainment in Irun 9 which appears at 79°. 
Runs 10, 11 and 12 cover bat number 4 which was con 
structed so as to hold the liquid in the bat more than in 
bat number 2 discussed above. The result, as shown, is 
that higher efficiencies were obtained at low liquid rates 
but the pressure drop tended to be higher, especially at 
low air velocities. This illustrates the variation in de 
sign that is possible with these bats in order to meet 
given problems. It is most important to note the low 
pressure drop through the bat obtained for all the runs in 
the table, even at relative high liquid and vapor loadings. 
The following example is given to show the separation 

of two fatty alcohols; n-decyl alcohol, B. P. 452 F. from 
lauryl alcohol, B. P. 498 F. 

This separation takes thirty bats. Since the material is 
temperature sensitive, it is not heated above 400 F. This 
necessitates that the column be operated under a vacuum. 
The two factors of the 30 bats and the low operating pres 
Sure require a low pressure dropper stage. When a mix 
ture of equal amounts of the alcohols is fed into the col 
umn on bat number 15 of the 30 bat column the distillation 
is carried out to produce a substantially pure decyl alcohol 
overhead at the condenser 36 and substantially pure lauryl 
alcohol in the bottoms at the boiler 23. 

It is often desirable in a separation of this type to inject 
steam directly into the boiler so that the distillation tem 
perature can be reduced. Should that be desirable it 
should be noted that the heaters shown, which boil a por 
tion of the liquid in pumping it over to the next bat, do 
not have to be used. It would also be possible to inject 
steam directly into the liquid, giving the necessary change 
in average density and obtaining some stripping action 
at the same time. Superheated steam must be used for 
this purpose. 

This invention is of generic scope. The horizontal 
column it may be modified so as to be fully packed 
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with discrete packing material such as Rashig rings from 
inlet plate 2i to outlet plate 22 thereby avoiding the use 
of separate bats. 

Moreover, bats of a wide variety of sizes and aper 
tures may be used, so long as they are porous to a vapor 
stream and promote turbulence in the bat itself between 
the liquid stream flowing generally downwardly therein 
and the vapor stream flowing horizontally and therefor 
across the liquid flow in the bat. In a modified bat glass 
wool, or glass beads or glass balls may be used. 
The column 10 need not be absolutely horizontal as 

columns at slight angles to the horizontal plane are 
operable. 
The bats are disposed at an angle into the vapor steam 

toward boiler 23, said angle being such as to keep the 
optimum flow of liquid within the bat. 

It is to be noted that the vapor steam in moving across 
a battends to drag the liquid flowing therein. 
The low pressure drop in the bats is in part due to the 

fact that the vapors do not pass through a liquid seal 
Such as is the conventional bubble cap vertically disposed 
distillation columns. Nor is the vapor accelerated through 
narrow openings as is the case for bubble caps and some 
packing material. 
The principal advantage of this invention is that of 

high contacting efficiency and low pressure drop with 
high loading in large sizes, an advantage especially im 
portant when vacuum conditions are applied to this 
invention, 
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The bats of this invention are provided with a large 
fraction of voids for low pressure drop. Such bats pro 
vide a maximum of free volume for vapor-liquid contact. 
At the same time, the bats of this invention break up the 
liquid stream thereby producing optimum efficiency of 
contact between the vapor and the liquid. A range of 
voids of a bolt 9{} to abott 99 perce:t is preferred. 
Where the horizontally disposed distillation column is 

fully packed with discrete units such as Rashig rings the 
flow path of both the liquid and the vapor is that shown 
in Fig. i. In other words, the plurality of bats of Fig. 1 
is replaced by a continuous column of packing material, 
e.g. ceramic saddles, while the flow of vapor is main 
tained from left to right (Fig. 1) and while the flow of 
liquid is maintained transverse to the flow of vapor and 
moving generally from right to left all as priviously 
described in the bat embodiment of Fig. 1. 

claim: 
1. A distillation apparatus for separating a liquid mix 

ture of liquids of low and of high boiling points com 
prising a horizontal longitudinal tube; an apertured vapor 
inlet closure Secured in air-tight manner to one end of 
said tube: an apertured vapor outlet closure secured in 
air-tight manner to the other end of said tube; a plu 
rality of spaced-apart foraminous bats completely and 
substantially transversely across the chamber of said 
horizontal tube; a plurality of pumps disposed between 
respective successive bats for conveying liquid toward 
Said inlet closure and from the bottom of one bat to the 
top of the adjacent bat; boiler means connected to said 
inlet closure for conveying vapors of said liquid mixture 
into said tube, a condenser Secured to said outlet closure 
for condensing vapors of the separated low boiling liquid, 
a liquid mixture feed inlet disposed intermediate said 
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closure ends, conduit means for returning a portion of 
the condensate to the tube and adjacent said outlet closure 
and conduit means for conveying the liquid in said tube 
adjacent the inlet closure to said boiler means. 

2. The apparatus of claim 1 wherein the bats contain 
packing material and the pumps are thermal pumps. 

3. The apparatus of claim 1 comprising top well means 
disposed adjacent the top of said bats for permitting flow 
of liquid onto the top of said bats and bottom well means 
disposed adjacent the bottom of Said bats for collecting 
liquid draining from said bats whereby liquid is pumped 
from one bottom well means to the adjacent top well 
means of the successive bat closer to the inlet closure. 
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