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JOSE LUIS REYES VILLAMIZAR, mayor de edad, identificado como aparece al
pie de mi firma, abogado en ejercicio, titular de |a tarjeta profesional niUmero 44655
del Consejo Superior de la Judicatura, obrando en calidad de apoderado de la
sociedad TECNOQUIMICAS S.A., dentro del tramite de la referencia, por medio
del presente escrito, procedo a presentar argumentos que demuestran que la
solicitud de la referencia incumple los requisitos de patentabilidad establecidos por
los articulos 14, 16 y 18 de la Decisiéon 486 de 2000, y que por ello no merece
recibir el beneficio patentario:

I. REMISION DE INFORMACION.

En primer lugar, es importante sefialar que la modificacién en el capitulo
reivindicatorio, presentada el 11 de Noviembre de 2010, corresponde a un cambio
de forma, que por esa condicidén, no logra superar los argumentos planteados en

contra por el suscrito, ni aquellos formulados por el examinador técnico. Es asi
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como al revisar dicho nuevo capitulo reivindicatorio, persiste la carencia de nivel
inventivo, al mantenerse en esencia las mismas caracteristicas técnicas (un
proceso para la purificacion de Terbinafina, de sus contaminantes metalicos

resultantes de su sintesis quimica, a través de una destilacién de camino corto).

Entrando en materia, y teniendo en cuenta que el proceso de purificacion que se
elige para aplicar a Terbinafina es una técnica de destilacion ampliamente descrita
en el estado de la técnica, y que dicha técnica de destilacidn se ajusta a las
caracteristicas de Terbinafina (sustancias labiles a la temperatura), nos permitimos

insistir en lo siguiente:

La destilacion de via corta o camino corto con aplicacién de vacio (Short Path
Vacuum Distillation (SPVD)) es un proceso extensamente aplicado y ampliamente
reconocido como una técnica de separacion utilizada con frecuencia en la
purificacidon de compuestos de baja volatilidad y termosensibles, (Lanzani y
Bondioli, 1994; Cvengros, 1995; Hernandez y Rathbone, 1998; Ooi et al,,
1994), en este proceso, las sustancias a destilar se exponen un tiempo mas corto
y a temperaturas mas bajas. Ademas, existe una gran cantidad de referencias de
estos destiladores que permiten un proceso continuo, 10 que los hace utiles a nivel

industrial’, especificamente en la industria farmacéutica y quimica.

Muestra de la reconocida antigiedad en el uso y la aplicacion de la SPVD, esta
dada por la descripcion de la misma en el afio de 1969 por R. Habendorff et al., tal
como consta en la patente americana US 3,434,935 publicada el 25 de Marzo del
mismo afio y titulada "APPARATUS FOR VACUUM AND SHORT-PATH
DISTILLATION".

En consecuencia, no puede atribuirsele novedad ni nivel inventivo al uso de una

técnica de destilacion ampliamente reconocida y aplicada con bastante

" hitp://www.avta-us.com/index. html,

hitp://www technofarce. net/design/short_path.htm
http:/fwww.chem-group.com/processing/short-path.tpl
http://209.85.165.104/search?q=cache:4k04hcQ1Gi8J: www.oiltek.com my/process-
equip.htmi+short+path+distillation&hl=en&ct=cink&cd=8

http://209.85.165.104/search?g=cache:6p _cNVDri5sJ:.www.reactorvessels.demon.co.uk/Short Pat
h_Distillation/short_path_distillation. htmi+short+path+distiilation&hi=en&ct=cink&cd=13
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anterioridad, y que de manera obvia resulta utii en caso de purificacion de

sustancias como la terbinafina.

Adicionalmente en distintos sitios web podemos encontrar fa definicién, uso e
importancia de este tipo de técnica, por ejemplo en

www.answers.com/topic/distiliation, encontramos:

Short path distillation

Short path distillation is a distillation technique that invoives the distillate traveling
a short distance, often only a few centimeters. A classic example would be a
distillation involving the distillate traveling from one glass bulb to another, without
the need for a condenser separating the two chambers. This technigue is often
used for compounds which are unstable at high temperatures. Advantages are
that the temperature of the boiling liquid does not have to be much higher than
the boiling peint of the distilling substance, and the gases only have to travel a
short distance while in the gas-phase before they can be cooled again to a lower
temperature.

Short path vacuum
distillation apparatus with
vertical condenser (cold
finger), to minimize the
distillation path; 1: Still pot
with stirrer bar/anti-bumping
granules 2: Cold finger - bent
to direct condensate 3:
Cooling water out 4: cooling
water in 5: Vacuum/gas inlet
6: Distillate flask/Distillate.

Muestra de la versatilidad de la destilacion de via corta como una técnica de
purificacion verséatil y de frecuente uso la ofrecen documentos tales como la
patente europea EP0009251A1 publicada el 02 de Abril de 1980, la patente
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europea EP0066790A1 publicada el 15 de Diciembre de 1982, la patente
americana US$4529546 publicada el 16 de Julio de 1985, la publicacion
internacional WQ00138283A1 publicada el 31 de Mayo de 2001 y la patente
americana US20030144536A1 publicada el 31 de Julio de 2003.

Finaimente, frente al comentario del solicitante en la respuesta al requerimiento en

cuestion en donde sefala que:

“se puede decir que en la técnica anterior se sabia que los compuestos con triple
enlace, por ejemplo, el penta-1,2-dien-4-ino podia descomponerse a temperaturas
tan bajas como 57°C. Por lo tanto, la persona medianamente versada en la
materia no habria estado segura de que la destilacion de pasc corto podria ser
empleada con éxito para purificar la Terbinafina cruda (...) Debido al gran numero
de posibles formas de purificar la Terbinafina disponibles para la persona
medianamente versada en la materia y la incertidumbre en el éxito asociado con el
uso de una técnica basada en la destilacién para purificar un matenal sensible al

calor, particularmente respecto a un tipo especifico de impureza.”

No se puede pasar inadvertido el hecho, que precisamente la destilacién de paso
corto es una tecnica de destilacion muy UGtil para separar compuestos que son
labiles a las altas temperaturas, como ya se expuso anteriormente, sino que
ademas, y como lo indica el mismo solicitante, dentro de varias técnicas de
purificacion descritas en el estado de la técnica, escoger dentro de estas técnicas
una que se ajuste a las necesidades del procedimiento v a las caracteristicas de
los compuestos involucrados, por parte de una persona medianamente versada en
la materia, no puede ser considerado de ninguna manera una actividad inventiva.
Asumir que la aplicacion de la destilacion de via corta en un proceso de
purificacion de Terbinafina como el que se expone en la solicitud colombiana en
cuestion es una actividad inventiva, seria asumir como patentables cualquier otro
proceso de separacion de compuestos que no hayan sido antes separados por
esta tecnica, y por lo tanto, restringir el uso de una técnica de separacién que fue
precisamente disefiada para facilitar algunas actividades investigativas en el area

de la ciencia natural y que precisamente por esto es una herramienta de dominio
publico.
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Por todo lo anterior, ruego se analicen los argumentos expuestos con el rigor y
detenimiento habituales, y que en consecuencia el Despacho decrete, ademas de

ia negacién de la solicitud en comento, el archivo del expediente que lo contiene.
lll. ANEXOS.

< Copia de todas las publicacicnes mencionadas en el acapite de Remision de

informacion.

Sefior Superintendente,

~

JOSE LUIS REYES VILLAMIZAR

C.C. 79.152.473 de Usaquén
T.P.44655del C. Sdela J.
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As of January 2009, VTA opened a direct office in North America operated by

Bob Schavey. Mr. Schavey is a Chemical Engineer and maintains his
Professional Engineering registration. He comes to VTA with 23 years

experience in the Wiped Film Evaporator business. VTA offers clients the

following capabilities:

» Feasibility Studies and Process Development

» Turnkey Plants for Wiped Film and Short Path Distillation

+ Component Wiped Film and Short Path Evaporators

« ANRQ Screw Dryers and Sludge Drying Plants

+ Laboratory and Pilot Testing

+ Tolling and Contract Distillation

Please download the attached literature for additional background on VTA and

our capabilities:

* General Brochure

* Glass Lined Equipment

oo

» ANRO Dryer
» Questionnaire

80 m? Thin Film Evaporator

29/12/2010 11:06 a.m,
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PRODUCTS & SERVICES

Agitated Thin Film Evaporators
Agitated Thin Film Dryers
Short Path Distillation Units
Rising Film Evaparators
Eailing Film Evaporators
Forced Circulation Evaporators
Liquid-Liquid Extractors
Distillation Celumns

Zero Discharge Systems For Effluents
Tali Processing

Filot Plants

Detailed Engineering Services

' WPRODUCTS ™!
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Short Path (Molecular) Distillation Units

Short Path or Molecular Distillation Units are used for distilation of heat sensitive
products under vacuum up to 0.001 mbar. Skid mounted units are provided with special
vacuum systems, piping and instrumentation.

Features

® Operating pressure as low as

0.001 mbar.
Materials can
significantly
temperatures
pressures.
Operating temperature up to 350
°C (650 °F). With fow pressure
and high heating temperature,
to distill
products ¢an be successfully

be boiled at
reduced
low

at  such

many of the hard

processed.

Residence time of a few seconds
- imporant for heat sensitive
products.

Suitable for viscous products.

Excellent turn down capability.
Low product holdup - good for
hazardous materials.

Low power requirement.

Applications

Pharmmaceuticals like bulk drugs, natural and synthetic vitamins, esters,
Epoxy resins, plasticizers, and stabilizers.

Fish oil, fatty acids and derivatives, glycerides, tocopherol.

Fine Chemicals, silicone oils, and higher alcohols.

Natural extracts.

Petrochemicals Yike base oll, lube oil, coal and tar.

Rotor Design

Roller elements and internal condenser

2de3

Standard design for shor path distillation unit
The cage type construction allows placement of internal condenser
This extends the operating pressure capability from 1 mbar to 0.001 mbar

29/12/2010 11:06 a.m.
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CHEM Group

Short Path & Wiped Film Distillation

The distillation of heat sensitive and high bailing mixtures is complicated by the high
temperatures to which such materials must be exposed during the evaporation of more
volatile components.

Though lower distillation temperatures can generally be achieved under vacuum, the
length of time to which materials are exposed to even these lower temperatures can
result in thermal damage.

in wiped film and short path distiliation, the separation, purification, cr concentration of
heat sensitive materials occurs under vacuum, but at residence time that are greatly
reduced by comparison to more conventional distillation methods.

At CHEM Group, heat sensitive and high boiling materials are typically distilled using
modified Pfaudler style short path evaporators. In such evaporatars, the mixture or
feedstock to be distilled enters the evaporator and is immediately distrihuted by the
centripetal force of a rotating plate. This resuits in the formation of a thin film on the
inside wall of the evaporator which is fully jacketed and heated with heat transfer fluid
to provide for the evaporation of more volatile components.

As this film falls under force of gravity, a series a wiper blades affixed to a rotating
series of supports provides for agitation of the filmto assure uniform film thickness and
even film distribution throughout the distillation process. As more volatile components
are evaporated, the resultant vapors travet the short distance or short path to an
internal tube bundie serving as a condenser. What remains on the healed evaporator
surface continues to fall until it is collected as residue at the base of the unit.
Condensed material collects and is ultimately discharged from the central core of the
system. A chevron, situated between the heated evaporator surface and internal
condenser help prevent entrainment and extruder blades attached to the base of the
wiper basket provide for the efficient removal of higher viscosity residuas from the
system.

With the ability to operate at vacuums below 200 microns and jacket temperatures as
high as 650° F (343° C), materials exhibiting atmospheric equivalent boiling points as
high as 1200° F ¢an be distilled at rates ranging from 15 to 50 pounds per hour per
square foot of heated evaporator surface or approximately 15 to 40 Ibs a minute on
any one of CHEM Group's six different short path systems.

http://www .chem-group.com/processing/short-path.tpl
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Anatomy of 8 short path svaporator;

1 Divit Mrtor: 2 Feedindot;

I Bigtributor Plate; 4 Hat Ol Outlets

SWiper Blades: 6 Entrainment Separator;

7 Hot Ol Jackat: 8 Internal Condenser;

9 Hot Oll intet; 10 Extiuder Blades;

11 Residue Discharge: 12 Vacuum Outlel;

13 Cooting Water Inlet; 14 Gooling Water Qutlet
15 Distillate Discharge,

29/12/2010 11:06 a.m,
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American Heritage Dictiopnary:
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1. The evaporation and subsequent collection of a liquid by condensation as a means of purification: the distillation of = &y -
water. e
2. The extraction of the volatile components of a mixture by the condensation and collection of the vapors that are ....&‘
produced as the mixture is heated: petreleum distiflation,
3. Adistitlate, (Cllck o
enlarge)
distillation
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ﬂ See crossword sotutions for the clue Distillation.

Related Videos:

@ Click to Play
What Vapor Pressure Is

Yiew_meore Scientq videos

5?3 WY words related to distillation, see:

s jilation: purification by heating to separate more volatile parts of mixture, then coolfing and candensing
R 1 2ok ocfiped substance

! UniiYalva SeafuctidiStination: process of evaporation and condensation, used to separate liguld
x'ture and \ punfy fiquids

- distillation: purification of alcoholic liquor by heating, separation, and condensation
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distillation

(chck to
enlarge)

A laboratary
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demonstrating
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flask, {credit:
© Merriam-
Webster Inc.)
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Vaporization of a liquid and subsequent condensation of the resultant gas back to liquid form. It Is used to separate liquids from
nonvolatile solids or solutes (e.g., water from salt and other components of seawater) or to separate two or more liquids with
different boiling points {e.q., alcohol from fermented beers and wines). Many variations have been devised for industrial
applications. An important one is fractional distillation, in which vapour from a heated liquid mixture is contacted by a series of trays
and condensed liquid as it rises through a vertical column. The most volatile fraction of the mixture emerges fram the top of the
column, while less volatile fractions are withdrawn at lower points. In petroleum refining, this method is very efficient for remaving
naphtha, kerosene, and gas oils from crude oil.

For more information on distillation, visit Britannica.com.

McGraw-Hill Science & Technology Encyclopedia:
Distillation

A method for separating homogeneous mixtures based upon equillbration of liquid and vapor phases. Substances that differ in
volatility appear in different proportions in vapor and liquid phases at equilibrivm with one ancther, Thus, vapornizing part of a
volatile liquid produces vapor and liquid products that differ in compasition. This outcome constitutes a separation among the
components in the original liquid. Through appropriate configurations of repeated vapor-liquid contactings, the degree of separation
among components differing in volatility can be increased many fold. See afso Phase equilibrium.

Distillatlon is by far the most commaon methad of separation in the petroleum, natural gas, and petrochemical industries. Its many
applications in other industries include air fractionation, selvent recovery and recycling, separation of light isotopes such as
hydrogen and deuteriurm, and production of alcoholic beverages, flavors, fatty acids, and food oils.

Simple distillations
The two most elementary forms of distillation are a continuous equilibrium distillation and a simple bateh distillation,

In a continuous equllibrium distillation, a continuously flowing liquid feed ts heated or reduced in pressure (flashed) so as to cause
partial vapaorization. The vapor and liquid disengage while flowing through an open drum, and the products emerge as vapor and
liquid streams. The vapor product can be condensed to form a liquid distillate, It Is also possible to use a vapor feed, subjected to
cooling and thereby partial condensation, again followed by disengagement of the resultant vapor and liquid in an open drum.

In a simple batch distillation, an entire batch of liquid is initially charged to a vessel and is then heated, typically by condensation of
steam inside a metal cgit within the vessel. Vapor is thereby continuously generated, and may be condensed to form a liquid
distillate, which s collected. In the batch distillation, increments of vapor are formed in equilibrium with al) iquid compositions
ranging from the original to the final, whereas the continuous equilibrium distiflation gives vapor in equilibrivm with only the final
liquid composition. Since the distillate consists primarily of the more volatiie components and the feed liquid contains more of these
substances than does the final liquid, the simple batch distillation gives a more enriched distillate than does the continuous
equilibrium distillation.

Fractional distillation

Unless the vapor pressures of the species being separated are very dissimilar, a simple distillation does not produce highly purified
products. Product purities can be increased by repeated partial vaporizations and condensations. The liquid from an initial
continuous equilibriurmn distillation can be partially vaporized by additional heating. The remaining liquid can again be heated and
partially vapeorized, forming ancther liquid and so forth. Each liquid is progressively enriched in the less volatile substances.
Similarly, successive partial condensations of the vapor fraction frem the initial continuous equilibrium distillation produce vapor
products successively enfiched in the mere volatile components. See also Vapor pressure.

The process involved in successive partial vaporizations and condensations would lead te only very small amounts of the mest
enriched products, along with numerous streams having intermediate compositions. A logical step Is to recycle each of these
intermediate streams to the prior vessel in the sequence of contactors, Recycling of the intermediate vapors and liquids has another
highly beneficial effect in that it negates the need for intermediate heaters and cooclers. The resultant process is known as
continugus fractional distillation. It is usually carried out in a distillation column, which is a simpler, more compact form of
equipment than the cascade of vessels used in the process of recycling intermediate vapors and liquids. See alse Distillation
column.

Vapor-liquid equilibria

The separation accomplished in a distillation relates to the difference in composition of vapor and liquid phases at equilibrium,
These relationships are the subject matter of phase-equilibrium thermodynamics. See afso Chemicat thermodynamics; Gas; Liguid.

The dependence of liquid-phase activity coefficients upon liquid composition is complex; consequently vapor-liquid equilibrium
relationships can have quite different characteristics. For example, the two-component benzene-toluene system (curve A in the
illustration) is a relatively ideal system, for which the activity coefficients are close to 1.0 over the liquid composition range. The
mole fraction of benzeng in the vapor is therefore always greater than that in the liquid, and the relative volatility has a nearly
constant value of 2.4, Such a system can be separated readily into products of high purity by continuous fractional distillation.

Types of binary vapor-liquid equilibrium relationship; equilibrium vapor mole fraction of the more volatile (first named) component
as a function of the liquid mole fraction of the more volatile component. The pressure is constant at 1 atm (101 kilopascals) for all
systerms. Curve A, benzene-toluene; B, acetane-carbon disulfide; C, acetone-chioroform; D, isobutyl alcohol-water.

Types of binary vapor-iiquid equilibrium refationship; equilibrium vapor mole fraction of the more volatile (first named) component
as a function of the liguid mole fraction of the more volatile component. The pressure is constant at 1 atm (101 kilopascals) for all
systems, Curve A, benzene-toluene; B, acetone-carbon disulfide; C, acetone-chloroform; D, isobulyl alcohol-water.

In the acetone-carbon disulfide system (curve B}, there are positive deviations from ideality, meaning that the activity coefficients
are greater than 1.0 and increase for either compenent as that component becames more dilute in the mixture, The result is that
the relative volatility is greatest at low congentrations of the more volatile_component {acetone) and decreases at higher

concentrations. Because of hydrogen bonding between the two components, the acetone-chloroform system {curve C) exhibits
negative deviations from ideality, meaning that the activity coefficients are less than 1.0. The isobutanol-water system {curve D)

20/12/2010 11:08 am.
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exitlbits sufficiently extreme positive deviations from Ideality so that two immiscible liquid phases form over much of the
compaosition range, Continuous fractional distillation cannot produce twe products of high purity for such a system.

Distillation pressure

The pressure under which a distlllation is performed is a matter of cholce, although operation at pressures more removed from
atmospheric becomes more costly. Altering the pressure of a distillation can serve to alter the vapor-liquid equilibrium relationship,
a feature that can be used to advantage.

Because of the relationship between vapor pressure and temperature, the temperatures within a distillation column are lower for
lower pressures. Vacuum distillation is an effective means of maintaining lower temperatures for separations involving
heat-sensitive materials.

Steam distillation is an alternative to vacuurn distillation for separations of organic substances. In this process, steam is fed directly
to the bottom of a column and passes upward, composing a substantal fraction of the vapor phase, The combined partial
pressures of the organic substances being distilled are thereby lessened, giving the lower temperatures characteristic of a vacuum
distillation.

Barron's Food Lover's Companion;
distillation

v. The process of separating a liquid's components by heating it to the point of vaporization and collecting the cooled condensate
(vapor that reverts to liquid through condensation) in order to obtain a purified and/or concentrated form. The apparatus that
performs distillation is called a still, of which there are two types-pot still and continuous still, The pot still (which in France is
called an atembic-sometimes spelled alambic) consists of a copper or copper-lined pot with a large rounded bottom and long
tapering neck connected by a copper pipe to a condenser (a cooled spiral tube). As the fermented liquid (wine for brandy, mash for
whiskey) in the pot comes to a boil, it vaporizes. The vapor rises up into the still's condenser, where It cools and returns to a liquid
state. This condensation (condensate), which has a higher alcohal concentration than the original rmixture, is collected in a
receiving compartment. However, because alcohol boils at 173.3°F, water boils at 212°F, and a mixture of the two boils
somewhere in between, the condensed liquid still contains some water. This means that redistilling (often several times) may be
necessary to achieve the appropriate alcohol level-cognac and scotch whisky are distilled twice, for example, while irish whiskey
undergoes 3 distillations. In this case, several pot stills may be lined up, distilling the condensate produced by the first pot still
through the second pot still, and sa en. The pot still, with its painstaking thoroughness, produces distillates that retain the
character and personality of their source ingredients. The continuous still was considered revolutionary when it was introduced in
1826. It's also known by several other names: column stilf, patent still and Coffey stiff (after a Scottish tax official, Aeneas Coffey,
who made major improvements to it in the early 1830s). The continuous distlllation process operates by repeatedly recycling a
mixture of steam and alcohol until all the spirit is extracted. The continuous still consists of tall copper columns that continually
receive cold mash that trickles down and over a series of steam-producing plates. As the alcohol vaporizes, It becomes part of the
steam that, as it rises, goes through the liquid flowing down the plates. As the vapor interacts with this liquid, some of the alcohol
in the liquid vaporizes and some of the steam converts back to liquid. The vapar Is drawn into vents that then take it to a condenser
and receiver. If the tower ar column has enough plates, a very high level of alcohol concentration can be attained in this one
continuocus process. Sometimes, two or more towers or columns are used so that higher levels of alcohol or different levels of
alcohol concentration can be produced. A single continuous still performs much like the redistilling process with multiple pot stills.
The pot still, however, works in relatively small batches, and the continuous still has an uninterrupted fiow of Incoming material and
outgoing product. The continuous still brought mass production to distillers and dramatically expanded Scatland's whisky industry
in the 1800s. distillation; distilled spirits; distillate ». The end product of the distillation process. Distilled spirits include
brandy, gin, rum, tequila, vodka and whisk(e)y. These liquors are based on cereal grains, fruit and sometimes vegetables, which
are fermented (see fermentation) befare beginning the distillation process. After distlllation, many are flavored in some way, either
with added ingredients or by barrel aging or both. In the United States, each type of distilled spirits must meet strict federal
standards relating to the ingredients used (which must be FDA approved) as well as how it's made, labeled (to accurately reflect
the contents), advertised and sald. See also algeho).

MeGraw-Hill Dictionary of Architecture 8 Construction:
distillation

A water purification process in which water is converted to a vapor by bailing it, and then recenverted to purlfied water by cooling
the vapor.

3de 18 29/12/2010 11:08 a.m.
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Gale Encyclopedia of US History:

Distilling

It did not take fong for the colonists to begin producing alcoholic beverages from fruit and grain. Settlers on Roanoke Island
(Virginia) brewed crude ale from maize, and New Englanders made wine from wild grapes. Distiling more potent liquor required
little more than a fire, a large kettle, and a planket stretched to absorb the vapors of the heated wine or brew.

Commercial distilleries, with more sophisticated distilling techniques, were operating in New Amsterdarm as early as 1640 and
shortly thereafter in Boston (1654} and in Charleston, South Carglina (1682). Rum distilled from West Indian sugar was an
important colonial industry and, along with the import of slaves from Africa, a significant component in the commerce of the British
Empire.

Yet, as the nation began to expand and distance Impeded access to imports, Americans developed a taste for whiskey distilied from
locally grown com, rye, and barley. Besides being a popular beverage, frontier whiskey served as a medicine, a commedity, and a
cash crop more easily transported than whole grain.

By 1791, Kentuckians already had enough interest in whiskey to warrant a convention opposing an excise_tax on it levied by the
federal government. As only spirits distilled from American-grown praduce were taxed, rum distillers were exempt. This led to the

But the federal government eventually proved to be at least as good a customer as it was a taxing agent: the army, untili832, and
the navy, untll1862, provided enlisted personnel with a liquor ration, and government purchases of whiskey ran as high as 120,000
gallons annually.

Even George Washington himself had advocated for the liquid fortification of his revolutionary warriors. In 1777, Washington wrote,
"It is necessary there should be a sufficient quantity of spirits with the Army to furmish moderate supplles to the troops.”

Washington did more than supply his troops with liquor. In his final vears, he also helped supply the nation with whiskey. He
opened a distillery near the grstmill of his Mt. Vemaon, Virginia, plantation in 1798. The following year, the distillery produced some
11,000 gallons of corn and rye whiskey, netting around $7,500—making it one of the nation's largest whiskey producers.
Washington died later that year, however, and his distillery was shut down. In December 2000, the Distilled Spirits Council of the
United States (DISCUS) announced a $1.2 million donation to help reconstruct the Mt. Vernon distlllery as an historic landmark,

It could not have hurt that such an eminent Amerlcan spent his final years in the distilling business. The home-grown industry was
further strengthened by events in the early nineteenth century that weakened American reliance on imparts for liquor. The Embargo
Act of 1807 and the War of 1812 meant that rum distilleries were blockaded from their sources of cane sugar and molasses; and

rum drinkers, unable to obtain the country's traditionally favorite liguor, were forced to develop a taste for whiskey, especially
Kentucky whiskey, also known as bourbon.

The greatest threat to the distilling industry in America began In the late nineteenth century with the increasingly vigorous efforts of
temperance organizations such as the Women's Christlan Temperance Foundation {founded in Cleveland in 1874) and the
Anti-Saloon League of America (also formed in Ohio, in 1893). Among the early triumphs of the temperance movement was a
program known as Scientific Temperance Instruction, a highly successfu! anti-alcohol education program that taught American
schoolchildren the dangers of drinking.

The temperance movement had its share of visible supporters, among them the adventure novelist Jack London, whose book John
Barleycorn (1913) preached the virtues of alcohol abstinence. Meanwhile, any candidate running for national office made a point of
stumping at temperance organization rallies, to prove his moral worthiness for public service. The Prohibition Party, founded in
1869 in Chicago, devoted Its entire political platform to ending alcohol trafficking and consumption (n America.

By 1916, nearly half of the states had passed "anti-saloon” legislation; and in 1919, the states ratified the 18th Amendment to the
L.5. Constitution, afficially putting a cork in America’s drinking habit with the advent of Prohlbition.

Prohibition is credited with giving America many things, among them, the first solid foundation upon which organized crime

flourlshed. AlCapane made millions smuggling liquor and the associated businesses of speakeasies and prostitution. The popularity
of the cocktail suddenly soared as drinkers used flavored mixers to mask the unpleasant taste of bathtub gin. The devil-may-care
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culfure of the Roaring Twenties was partly a byproduct of Prohibition, which turmed even normally lawabiding citizens into minor
criminals in order to enjoy alcoholic beverages.

=

The repeal of Prohibition in 1933 with the passing of the Twenty-first Amendment concluded America's "noble experiment,” but
most of the small distillers had shut down during Prohibition. Others had switched to the manufacture of chemicals; a handful had
continued operations by distlling medicinal alcehol {which had not been banned by Prohibition). As the economy sank inta the
Great Depression, few distillers possessed either the necessary capital or the marketing capabilities to resume operations.

The remainder of the twentieth century saw a steady return to business for distillers, despite battles over advertising placement,
the drinking age, and increased public awareness of the dangers of alcohplism and of driving while intoxicated.

As the twenty-first century began, the distilled spirits industry was generating some $95 billion annually {according to DISCUS).
with about 1.3 million people in America employed in the manufacture, distribution, or sales of distilled spirits, distilling remains a
significant American industry.

Major mergers and acqulsitions In the industry, including the 2001 acquisitien of Seagrams by Pernod Ricard {(makers of Wild
Turkey) and Diageo (owners of such brands as Johnny Walker, Baileys, and Tanqueray), have left once-rival brands living under
the same corporate roof. Even as these industry giants combined forces, small-batch makers are once again on the rise with a
revival of the old-fashioned distilleries that once dominated the industry.
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Columbia Encyclopedia;
distillation

distillation, process used to separate the substances composing a mixture. It involves a change of state, as of liquid to gas, and
subsequent condensation. The process was probably first used in the production of intoxicating beverages. Today, refined methods
of distillation are used in many industries, including the alcohol and petroleum industries.

The Basic Distlilation Process

A simple distillation apparatus consists essentially of three parts: a flask equipped with a thermometer and with an autlet tube from
which the vapor is emitted; a condenser that consists of two tubes of different diameters placed one within the other and so
arranged that the smaller (in which the vapor Is condensed) is held in a stream of coolant in the larger; and a vessel in which the
condensed vapor Is collected. The mixture of substances Is placed in the flask and heated. 1deally, the substance with the lowest
boiling_pgint vaporizes first (see vaporization), the temperature remaining constant until that substance has completely distilled.
The vapor is led into the condenser where, on being cooled, it reverts to the liquid (cendenses) and runs off into a receiving vessei.
The product so obtained is known as the distillate, Those substances having a higher botling point remaln in the flask and constitute
the residue.

Since a perfect separation is never effected, the distillate is often redistilled te increase its purity (hence the expression "double
distilted"” or "triple distilled™). Many alcoholic beverages are distilled, e.g., brandy, gin, whiskey, and various liqueurs. The apparatus
used, called the still, is the same in principle as other distillatlon apparatus.

The Fractional Distiilation Process

When the substance with the lowest boiling polnt has been removed, the temperature can be raised and the distiliation process
repeated with the substance having the next lowest bolling point. The process of obtaining portians {or fractions) in this way is one
type of fractional distillation. A more efficient method of fractional distillation involves placing a vertical tube called a fractionating
column between the flask and the condenser. The column is filled with many objects on which the vapor can repeatedly condense
and reevaporate as it moves toward the top, effectively distllling the vapor many times. The less volatile substances in the vapor
tend to run back down the column after they condense, concentrating themselves near the bottom, The more volatile ones tend to
reevaporate and keep moving upward, concentrating themselves near the top. Because of this the column can be tapped at various
levels to draw off different fractions. Fractional distilfation is commonly used in refining petroleum, some of the fractions thus
obtained being gascline, benzene, kerosene, fuel oils, lubricating oils, and paraffin.

The Destructive Distillation Process
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Anather form of distillation involves heating out of free contact with air such substances as wood, ¢oal, and all shale and collecting
separately the portions driven off; this is known as destructive distiliation. Wood, for example, when treated in this way yields
acetic acid, methyl or wood alcohol, charcoal, and a number of hydrocarbons. Coal vields coal gas, coal tar, ammonia, and coke.
Ammonia is also obtained by the destructive distillation of oil shale,

Barron’s Wine Lover's Companion:
distillation

v. The process of purifying and concentrating a figuid through separating its components by heating it to the point of vaporization
and collecting the cooled condensate {vapor that reverts to liguid through condensation). The apparatus used for distillation is a still
of which there are two types-pot still and continuous still. distillation n. The end product of the distillation process. Distilled spirits
(such as BrANDY) are typically based on fermented {see FERMENTATION) fruit or cereal grains. After distillation, many are flavored in
some way, either with added ingredients or by barrel acInG, or both.

Saunders Veterinary Dictionary:
distillation

Vaparization; the process of vapaorizing and cendensing a substance to purify the substance or to separate a volatile substance
from less volatile substances.

« fractional d. — separation of volatilizable substances into a number of fractions, based on their different boiling points.

Dictionary, of Cultyral Literacy:_Sgience:
distillation

In chemistry, the separating of the constituents of a liguid by bolling it and then condensing the vapor that results. Distillation can
be used to purify water or other substances, or to remove one component from a complex mixture, as when gasoline s distilled
from crude oil or alcohol from a mash. When water is purified by distillation, it is boiled in a container, and the steam is sent into
cooling tubes. The steam is condensed and then collected as purified water in a second container, The impurities in the water are
left behind in the first container and can be discarded.

Figuratively, “distillation” is the process of retaining the essential features or components of something while removing
nonessentials: “This book represents knowledge distilled from decades of research.”

Wiley Dictionary. of Flavors:
Distillation

The volatilization and collection of a liquid product by subsequent condensation. The product is collected directly (blow over still),
refluxed in a condensing coiurmn or separated by removing materials depending on their different boiling points. When a distilling
system has been evacuated It is called vacuum distillation. See Column, Sublimation, Still, Theoretical Plate Count, Vacuum
Distillation, Blow QOver Still, Rectification, Essential Oil.

Wikipedia on Answers,com:
Distillation

"Distiller" and "Distillery" redirect here. For other uses, see Distiller {disambiguation) and Distillery (disambiguation).
For other uses, see Distillation {disambiguation).

&

Laboratory disptay of
distiliation: 1: A heating
device 2: Still pot 3: Sl
head 4:
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Theymorneter/Boiling point
temperature 5: Condenser
6: Cooling water in 7:
Cooling water out 8:
Distillate/receiving flask 9:
Vacuumy/gas inlet 10: Still
receiver 11: Heat control
12: Stirrer speed control
13: Stirrer/heat plate 14:
Heating {Qil/sand) bath 15:
Stirring means e.g.(shown),
beiling chips or mechanical

stirrer 16: Cooling bath.[1]
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Distillation is a method of separating mixtures based on differences in their volatilities in a beiling liquid mixture, Distillatlon is a

unit pperation, or a physical separation process, and not a chemical reaction.

Commercially, distillation has a number of applications. It is used to separate crude oil into more fractions for specific uses such as
transport, power generation and heating. Water is distilled to remove impurities, such as salt from seawater. Air is distilied to
separate its components—notably oxygen, nitrogen, and argon—for industrial use. Distillation of fermented solutions has been used
since anclent times to produce distilled beverages with a higher alcohol content. The premises where distillation is carried out,

especially distillation of alcohol, are known as a distillery.
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Distillation apparatus of
Zasimus, from Marcelin
Berthelot, Collection des anciens
alchimistes grecs (3 vol., Paris,
1887-188R).

The first clear evidence of distillatlon comes from Greek alchemists working in Alexandria in the first century AD2L pistilled water

has been known since at least ca. 200 AD, when Alexander of Aphrogdisias described the process.u] Arabs learmned the process from
the Egyptians and used It extensively in their chemical experiments. They introduced the apparatuses (such as the alembic, still,

and retort) which were able to fully purify chemical substances.

Clear evidence of the distillation of alcahol cormes from the School of Salerno in the 12th &:F.*ntury.["‘:lL‘u Fractional_distillation was
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developed by Tadeo Alderotti in the 13th century.]

In 1500, German alchemist Hieronymus Braunschweig puhlished Liber de arte destiffandi (The Book of the Art of Dis;l:illal:ic-n)[—‘*;J the
first book solely dedicated to the subject of distillation, followed in 1512 by a much expanded version. In 1651, Johr French
published The Art of Distillation the first major English compendium of practice, though it has been claimed ] that much of it
derives from Braunschweig's work. This includes diagrams with people in them showing the industrial rather than bench scale of the
operation.

Old Ukrainian vodka stil

As alchemy evolved into the science of chemistry, vessels called retorts became used for distillations. Both alembics and retorts are
farms of glassware with long necks pointing to the side at a downward angle which acted as air-cooled condensers to condense the
distillate and let It drip downward for collection. Later, copper alembics were invented. Riveted joints were often kept tight by using
varfous mixtures, for instance a dough made of rye flour.{2) These alembics often featured a cooling system around the beak, using
cold water for instance, which made the condensation of alcohol more efficient. These were called pot stills. Today, the retorts and
pot stills have been largely supplanted by more efficient distillation methods in most Industrial processes. However, the pot still is
still widely used for the elaboration of some fine alcohols such as cognac, Scotch whisky, tequila and some vodkas. Pot stills made
of various materials (wood, clay, stainless steel) are also used by bootleggers in various countries, Small pot stills are also sold for

the domestic production!® of lower water or gssential oils.

Early forms of distillation were batch processes using one vaporization and one condensation. Purity was improved by further
distillation of the condensate. Greater volurnes were processed by simply repeating the distillation. Chemists were reported to carmy

out as many as 500 to 600 distillations in order to obtain a pure compounduﬂ].

In the early 19th century the basics of modemn techniques including pre-heating and reflux were developed, particulary by the
Frenchl12, then in 1830 a British Patent was issued to Aeneas Coffey for a whiskey distiliation columnt1], which worked
continuously and may be regarded as the archetype of modern petrochemical units. In 1877, Ernest Solvay was granted a U.5.

and spirits.

With the emergence of chemical engineering as a discipline at the end of the 19th century, scientific rather than empirical methods
could be applied. The developing petroleum industry in the early 20th century provided the impetus for the development of accurate
design methods such as the McCabe-Thiele method and the Fenske equation. The availabillty of powerful computers has also
allowed direct computer simulation of distillation columns,

Applications of distillation

perfumery and medicinals (herbal distillate), and food processing. The latter two are distinctively different from the former two in

that in the processing of beverages, the distillation is not used as a true purification method but more to transfer all volatlles from
the source materials to the distillate.

The application of distillation can roughly be divided in four groups: laboratory scale, industriai distillation, distilfation of herbs for

The main difference between laboratory scale distillation and industrial distillation is that laboratory scale distillation is often
performed batch-wise, whereas industrial distillation often occurs continwously. In batch distillation, the composlition of the source
material, the vapors of the distilting compounds and the distillate change during the distillation. In batch distillation, a still is
charged (supplied) with a batch of feed mixture, which is then separated into its component fractions which are collected
sequentially from most volatile to less volatile, with the bottoms (remaining least or non-volatile fraction) removed at the end. The
still can then be recharged and the process repeated.

In continuous_distillation, the source materials, vapors, and distillate are kept at a constant composition by carefully replenishing

the source material and removing fractions from both vapor and liguid in the system, This results in a better control of the
separation process.
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Idealized distillation model

The beiling_point of a liquid is the temperature at which the vapor pressure of the liquid equals the pressure in the liquid, enabling
tubbles to form without being crushed. A speclal case is the pormal boiling point, where the vapor pressure of the liquld equals the
ambient atmospheric_pressure.

1t is a commoen misconception that in a liquid mixture at a given pressure, each component bolls at the boiling point corresponding
to the given pressure and the vapors of each component will collect separately and purely. This, however, does not occur even in
an idealized system. Idealized models of distillation are essentially governed by Raoult's law and Dalton’s law, and assume that
vapar-tiquid_equilibria are attained.

Raoult's law assumes that a component centributes to the total vapor pressure of the mixture in proportion to its percentage of the
mixture and its vapor pressure when pure, or succinctly: partial pressure equals mole fraction multiplied by vapor pressure when
pure. If one component changes another component's vapor pressure, or if the volatility of a component is dependent on its
percentage in the mixture, the law will fail.

Dalton's law states that the total vapor pressure |s the sum of the vapor pressures of each individual component In the mixture.
When a multi-component liguid is heated, the vapor pressure of each component will rise, thus causing the total vapor pressure to
rise. When the total vapor pressure reaches the pressure surrounding the liquid, boiling eccurs and liquid turns to gas throughout
the bulk of the liquid. Note that a mixture with a given composition has cne boiling point at a given pressure, when the components
are mutually soluble.

An implication of one boiling point is that lighter companents never cleanly "boil first". At boiling point, all volatile components beil,
but for a component, its percentage in the vapar Is the same as its percentage of the total vapor pressure. Lighter components
have a higher partial pressure and thus are concentrated In the vapor, but heavier volatile components also have a (smaller) partial
pressure and necessarily evaporate also, albelt being less concentrated in the vapor. Indeed, batch distillation and fractionation
succeed by varying the composition of the mixture. In batch distillation, the batch evaporates, which changes its composition; in
fractionation, liquld higher in the fractionation column contains more lights and boils at lower temperatures.

The idealized model is accurate in the case of chemically similar liquids, such as benzene and toluene. In other cases, severe
deviations from Raoult's law and Dalton's law are observed, most famously in the mixture of ethanol and water, These compounds,
when heated together, form an azeptrope, which is a composition with a boiling point higher or lower than the boiling point of each
separate liquid. Virtually alt liquids, when mixed and heated, will display azeotropic behaviour. Although there are computational
methods that can be used to estimate the behavior of a mixture of arbitrary compenents, the only way to obtain accurate vapor-

liquid equilibrium data is by measurement.

It is not possible to completely purify a mixture of components by distillation, as this would require each component in the mixture
to have a zero partial pressyre. If ultra-pure products are the goal, then further chemical separation must be applied. When a
binary mixture is evaporated and the other component, e.g. a salt, has zero partial pressure for practical purposes, the process ls
simpler and is called evaporation in engineering.

Batch distillation

Main article: Batch distillation
I YU
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A batch still showing the
separation of A and B,

Heating an ideal mixture of two volatile substances A and B (with A having the higher volatility, or lower boiling point) in a batch
distillation setup (such as in an apparatus depicted in the gpening figure) until the mixture is boiling results in a vapor above the
liquid which contains a mixture of A and B. The ratic hetween A and B in the vapar will be different from the ratio in the liquid: the
ratio in the liquid will be determined by how the original mixture was prepared, while the ratie in the vapor will be enriched in the
more volatile compound, A (due to Raoult's Law, see above). The vapor goes through the condenser and is removed from the
system. This in turn means that the ratio of compounds in the remaining liguid is now different from the inltial ratio {i.e. more
enriched in B than the starting liquid).

The result is that the ratio in the liguid mixture is changing, becoming richer in component B. This causes the boiling point of the
mixture to rise, which in tum resuits in a rise in the temperature in the vapor, which results in a changing ratio of A : 8 in the gas
phase {as distillation continues, there is an increasing proportion of B in the gas phase). This results in a stowly changing ratio A : B
in the distillate.

If the difference in vapor pressure between the two components A and B is large (generally expressed as the difference in boiling
points), the mixture in the beginning of the distillation is highly enriched in component A, and when component A has distilled off,
the boiling liquid is enriched in component B.

Continuous distillation

Main article: Continugus distillation

Continuous distillation is an ongaeing distillation in which a liquid mixture is continuously (without interruption) fed into the process
and separated fractions are removed continuously as output streams as time passes during the operation. Continuous distillation
produces at least two output fractions, including at least one volatile distillate fraction, which has boiled and been separately
captured as a vapor condensed to a liquid. There is always a bottoms (or residue) fraction, which is the least volatile residue that
has not been separately captured as a condensed vapor.
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Continuous distillation differs from batch distillation in the respect that concentrations should not change over time. Continuous
distillation can be run at a steady state for an arbitrary amount of time. For any source material of specific composition, the main
variables that affect the purity of products in continuous distillation are the reflux ratio and the number of theoretical equilibrium
stages (practically, the number of trays or the height of packing). Reflux is a flow from the candenser back to the column, which
generates a recycle that allows a better separation with a given number of trays. Equilibrium stages are ideal steps where
compositions achieve vapor-liquid equilibrium, repeating the separation process and aliowing better separation given a reflux ratio.
A column with a high reflux ratio may have fewer stages, but it refluxes a large amount of liquid, giving a wide column with a large
hoidup. Conversely, a column with a low reflux ratio must have a large number of stages, thus requiring a taller column.

General improvements

Both batch and continuous distillations can be improved by making use of a fractignating_colupn on top of the distillation ftask. The
column improves separation by providing a larger surface area for the vapor and condensate to come into contact. This helps it
remain at equilibrium for as long as possible. The column can even consist of small subsystems ('trays' or 'dishes') which all contain
an enriched, boiling liquid mixture, all with their own vapor-liquid equilibrium.

There are differences between laboratory-scale and industrial-scale fractionating columns, but the principles are the same.
Examples of laboratery-scale fractionating columns (in increasing efficiency) include:

+ Air condenser

» Vigreux column (usually laboratory scale only)

s Packed column (packed with giass beads, meta! pieces, or other chemically inert materal)
* Spinning band distillation system.

Laboratory scale distillation

Laboratory scale distillations are almost exclusively run as batch distillations. The device used in distillation, sometimes referred to
as a still, consists at a minimum of a reboiler or pot in which the source material is heated, a condenser in which the heated
vapour is coeled back to the liquid state, and a receiver in which the concentrated or purified liquid, called the distillate, is
collected. Several laboratory scale techniques for distillation exist (see also distillation types).

Simple distillation

In simple distillation, all the hot vapors produced are immediately channeled into a condenser that cools and condenses the
vapors. Therefore, the distillate will not be pure - its composition will be identical to the composition of the vapors at the given
temperature and pressure, and can be computed from Raoult's law,

As a result, simple distillation is usually used only to separate liquids whose boiling points differ greatly (rule of thumb is 25 °C),U—11
or to separate liquids from involatile solids or oils. For these cases, the vapor pressures of the components are usually sufficienty
different that Raoult's law may be neglected due to the inslgnificant contribution of the less volatile component. In this case, the
distillate may be sufficiently pure for Its intended purpose.

Fractional distillation
Main article: Fractional distitlation

For many cases, the boiling points of the components in the mixture will be sufficiently close that Raoult's law must be taken into
consideration. Therefore, fractional distillation must be used in order to separate the components well by repeated vaporization-
condensation cycles within a packed fractionating column. This separation, by successive distillations, is also referred to as

rectification (1),

As the solution to be purified is heated, its vapors rise to the fractionating column. As it rises, it cools, condensing on the condenser
walls and the surfaces of the packing material. Here, the condensate continues to be heated by the rising hot vapors; it vaporizes
once more. However, the composition of the fresh vapars are determined once again by Raoult's law. Each vaparization-

condensation cycle (called a theoretical piate) will yield a purer solution of the more volatile cot‘nponent.f—l-sJ In reality, each cycle at
a given temperature does not occur at exactly the same position in the fractionating column; theoretical plate is thus a cancept
rather than an accurate description.

More theoretical plates lead to better separations, A spinnlng band_distillation system uses a spinning band of Teflon or metal to
force the rising vapors into close contact with the descending condensate, increasing the number of theoretical plates.[m—]

Steam distillation

Main article: Steam distillation

involves bubbling steam through a heated mixture of the raw material. By Raoult's law, some of the target compound will vaporize

(in accordance with Its partial pressure). The vapor mixture is cooled and condensed, usually yielding a layer of oil and a layer of
water.

Steam distillation of various aromatic herbs and flowers can result in two products; an essential oil as well as a watery herbal

distillate. The essential oils are often used in perfumery and aromatherapy while the watery distillates have many applications in
aromatherapy, food processing and skin care.
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Dimethyl sulfoxide
usually boils at 189 °C,
Under a vacuum, it
distills off into the
receiver at only 70 °C.
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Perkin triangle
distillation setup

1: Stirrer bar/anti-bumping
granules 2: Still pot 3:
Fractionating column 4:
Thermometer/Boiling point
temperature 5: Teflon tap 1
6: Cold finger 7: Cooling
water out 8: Cooling water
in 9: Teflon tap 2 10:
Vacuum/gas inlet 11: Teflon
tap 3 12: Stll receiver

Vacuum distillation
Main article: Vacuum distillation

Some compounds have very high beiling points. To boil such compounds, it is often better to lower the pressure at which such
compounds are bailed instead of increasing the temperature. Once the pressure is lowered to the vapor pressure of the compound
(at the given temperature), boiling and the rest of the distifiaticn process can commence. This technique is referred to as vacuum
distillation and it is commenly found in the laboratory in the form of the rotary evaporatar.

This technique is also very useful for compounds which beil heyand their decarmpasitian temperature at atmaospheric pressure and
which would therefore be decomposed by any attempt to boil them under atmospheric pressure.

Molecular distillation is vacuum distillation below the pressure of 0,01 torr.£8] 0,01 torr is one order of magnitude above high
vacoum, where fiuids are in the free molecular flow regime, i.e. the mean free path of molecules is comparable to the size of the
equipment. The gaseaus phase no longer exerts significant pressure on the substance to be evaporated, and consequently, rate of
evaporation no longer depends on pressure, That is, because the continuum assumptlons of fluid dynamics no longer apply, mass
transport is governed by melecular dynamics rather than fluid dynamics. Thus, a short path between the hot surface and the cold
surface is necessary, typically by suspending a hot plate cavered with a film of feed next to a cold plate with a line of sight in
between. Malecular distillation is used industrially for purification of oils.

Air-sensitive vacuum distillation

Some compounds have high bolling points as well as being air sensitive. A simple vacuum distillation system as exemplified above
can be used, whereby the vacuum is replaced with an inert gas after the distilfation is complete, However, this is a less satisfactory
system if one desires to collect fractions under a reduced pressure. To do this a "pig" adaptor can be added to the end of the
condenser, or for better results or for very air sensitive compounds a Perkin triangle apparatus can be used.

The Perkin triangle, has means via a series of glass or Teflon taps to allows fractlons to be isolated from the rest of the still, without
the main body of the distillation being removed frem either the vacuum or heat source, and thus can remain in a state of reflux. To
do this, the sample is first isclated from the vacuum by means of the taps, the vacuum over the sample is then replaced with an
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A ingrt gas (such as nitrogen or argon) and can then be stoppered and removed. A fresh collection vessel can then be added to the

system, evacuated and linked back into the distillation system via the taps to collect a second fraction, and so on, until all fractions
have been collected.

Short path distillation

z1

&

Shart path vacuum
distillation apparatus with
vertical condenser {cold
finger), to minimize the
distillation path; 1: Still pot
with stirrer bar/anti-
bumping granules 2; Cold
finger - hent to direct
condensate 3: Cooling
water out 4: cooling water
in 5: Vacuum/gas inlet 6:
Distillate flask/distillate.

Short path distillation Is a distillation technigue that involves the distillate travelling a short distance, often only a few

centimeters, and is normally done at reduced pressure,[l—il A classic example would be a distillation involving the distillate travelling
from one glass bulb to another, without the need for a condenser separating the two chambers. This technique is often used for
compounds which are unstable at high temperatures or to purify small amounts of compound. The advantage is that the heating
temperature can be considerably lower {at reduced pressure) than the boiling point of the liquid at standard pressure, and the
distillate only has to travel a short distance before condensing. A short path ensures that litle compound is lost on the sides of the
apparatus. The Kugelrohr is a kind of a short path distillation apparatus which often contain multiple chambers to collect distillate
fractions.

Other types

» The process of reactive distillation involves using the reaction vessel as the still. In this process, the product is usually
significantly lower-boiling than its reactants. As the product is formed from the reactants, it is vaporized and removed from the
reaction mixture. This technigue is an example of a continuous vs. a batch process; advantages include less downtime to
charge the reaction vessel with starting material, and less workup.

Pervaporation is a method for the separation of mixtures of liquids by partial vaporization through a non-porous membrane,
Extractlve distillation is defined as distillation in the presence of a miscible, high boiling, relatively non-volatile component, the
solvent, that forms no azeotrope with the other components in the mixture.

Flash evaporatiop (or partial evaporation) is the partial vaporization that occurs when a saturated liquid stream undergoes a
reduction in pressure by passing through a throttling valve or other throttling device, This process is one of the simplest unit
operations, being equivalent to a distillation with only one equilibrium stage.

» Codistillatlon is distillation which is perfarmed on mixtures in which the two compounds are not miscible.

The unit process of evaporation may also be called “distillation™:

» In rotary evaporation a vacuum distillation apparatus is used te remove bulk solvents from a sample. Typically the vacuum is
generated by a water aspirator or a membrane pump.

+ In a kugelrohr a short path distillation apparatus is typlcally used {generally In combination with a (high} vacuumy} to distill high
boiling (> 300 °C) compounds, The apparatus consists of an oven in which the compound to be distillad is placed, a receiving
porticn which is outside of the oven, and a means of rotating the sample. The vacuum is normally generated by using a high
vacuum pumg.

Other uses:

+ Dry distillation or destructive distillation, despite the name, is not truty distillation, but rather a chemical_reaction known as
pyrolysis in which solid substances are heated in an inert or reduging atmosphere and any volatile fractions, containing
high-bailing liquids and products of pyrolysis, are collected. The destructive distillation of wood to give methanol is the root of
Its common name - wood aicohol.

. Freeze zeze distifation is an analogous method of purification using freezing instead of evaporation. It is not truly distillation, but a

recrystallization where the preduct is the mother liquor, and does not produce products equivalent to distillatlon. This process
is used in the production of ice beer and ice wine to increase ethanel and sugar content, respectively, It is also used to
produce applejack. Unlike distillation, freeze distillation concentrates poisonous cangeners rather than removing them.

Azeotropic distillation
Main article: Azeotropic distillation
Interactions between the components of the solution create properties unigque to the solution, as most processes entail nonideal

mixtures, where Raoult’s law does nat hold. Such interactions can result in a constant-boiling azeotrope which behaves as If it
were a pure compound {l.e., boils at a single temperature instead of a range). At an azeotrope, the solution contains the given
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cotmponent in the same proportion as the vapor, so that evaporation does not change the purity, and distillation does not effect
separation. For example, ethyl alcohol and water form an azeotrope of 95.6% at 78.1 °C.

If the azeatrope is not considered sufficiently pure for use, there exist same techniques to break the azeotrope to give a pure
distillate. This set of techniques are known as azeotropic distillation. Some techniques achleve this by "jumping” over the
azeotropic composition (by adding an additional compeonent to create a new azeotrope, or by varying the pressure), Others work
by chemically or physically removing or sequestering the Impurity. For example, to purify ethanol beyond 95%, a drying agent or a
(desigcant such as potassium carbonate) can be added to convert the soluble water into insoluble water of crystallization. Molecutar
sieves are often used for this purpose as well.

Immiscible liquids, such as water and toluene, easily form azeotropes. Commonly, these azeotropes are referred to as a low boiling
azeotrope because the boiling point of the azeotrope is lower than the boiling point of either pure component. The temperature and
composition of the azeotrope is easily predicted from the vapor pressure of the pure components, without use of Raoult's law. The
azeotrope is easily broken In a distillatlon set-up by using a liquid-liquld separator {a decanter) to separate the two llquid layers that
are condensed overhead. Only one of the two liquid layers is refluxed to the distillation set-up.

High boiling azeotropes, such as a 20 weight percent mixture of hydrochloric acid in water, also exist. As implled by the name, the
boiling peint of the azeotrope is greater than the boiling point of either pure component.

To break azeotropic distillations and cross distillation boundaries, such as in the DeRosier Problem, it is necessary to increase the
composition of the light key in the distillate.

Breaking an azeotrope with unidirectional pressure manipulation

The beiling points of components in an azeotrope overlap to form a band. By exposing an azeotrope to a vacuum or positive
pressure, it's possible to bias the boiling point of ane component away from the other by exploiting the differing vapour pressure
curves of each; the curves may overlap at the azectropic point, but are unlikely to be remain identical further along the pressure
axis either side of the azeotropic point. When the bias is great enough, the two boiling points no longer overlap and so the
azeotropic band disappears.

This method can remove the need to add other chemicals to a distillation, but it has two potential drawbacks.

Under negative pressure, power for a vacuum source is needed and the reduced bolling points of the distillates requires that the
condenser be run cooler to prevent distillate vapours being lost to the vacuum source. Increased cooling demands will often require
additional energy and possibly new equipment or a change of coolant,

Alternatively, if positive pressures are required, standard glassware can not be used, energy must be used for pressurization and
there is a higher chance of side reactions occurring in the distillation, such as decomposition, due to the higher temperatures
required to effect boiling.

A unidirectional distillation will rely on a pressure change in one direction, either positive or negative.
Pressure-swing distillation

Further information: Pressure-Swing Distillation (section on the main Azeotrope page)

This section may be confusing or unclear to readers. Please help glarify the section; sugaestions may be found on the
talk page. (May 2009)

Pressure-swing distillation is essentially the same as the unidirectional distillatlon used to break azeotropic mixtures, but here both
positive and negative pressures may be employed, [<aification needed)

This has an important impact on the selectivity of the distillation and allows a chemistlct2tion needed] v gptimize a pracess such that
fewer extremes of pressure and temperature are required and less energy is consumed. This is particularly important in commerclal
applications.

Pressure-swing distillation is employed during the industrial purification of ethy! acetate after its catalytic synthesis from ethanol.

Industrial distillation

At ]
Typical industrial distillation

towers

Main article: Continuous distillation
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Large scale industrial distillation applications include both batch and continuous fractional, vacuum, azeotropic, extractive, and
steam distillation. The most widely used industrial applications of continuous, steady-state fractional distiltation are in petraleym
refineries, petrochemical and chemical plants and patural gas processing plants.

Industrial distillationt41{208 i typically performed in large, vertical cylindrical columns krown as distillation towers or
distillation columns with diameters ranging from about 65 centimeters to 16 meters and heights ranging from about 6 meters to
90 meters or more. When the process feed has a diverse composition, as in distilling crude_oil, tiquid outlets at intervals up the
column allow for the withdrawal of different fractions or products having different beiling points or boiling ranges. The "lightest”
products (those with the lowest boiling point) exit from the top of the columns and the "heaviest" products {those with the highest
boiling point) exit from the bottom of the column and are often called the bottoms.

Distillation celumn

Diagram of a typical
industrial distillation
tower

Industrial towers use reflux to achieve a more complete separation of products. Reflux refers to the portion of the condensed
overhead liquid product frorm a distillation or fractionation tower that is returned to the upper part of the tower as shown in the
schematic dlagram of a typical, large-scale industrial distillation tower, Inside the tower, the downflowing reflux liquid provides
cooling and condensation of the upflowing vapors thereby increasing the efficiency of the distillation tower. The more reflux that is
provided for a given number of theoretical plates, the better the tower's separation of lower bolling materials from higher boiling
materials. Alternatively, the more reflux that is provided for a given desired separation, the fewer the number of theoretical plates
required.

Such industrial fractionating towers are alsa used in air separation, producing liquid exyaen, liquid_nitrogen, and high purity argan.
Distillation of chiorgsilanes also enables the production of high-purity silicon for use as a semiconductor.

-
]
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Section of an industrial distillation tower
showing detail of trays with bubble caps

Design and operation of a distillation tower depends on the feed and desired products. Given a2 simple, binary component feed,

analytical methods such as the McCabe-Thiele metn(‘.n_cjf-"ﬂ[—zll or the Fenske ggga_t_igﬂw can be used. For a multi-component feed,
simulation models are used both for design and operation. Moreover, the efficiencies of the vapor-liquid contact devices (referred to
as "plates” or "trays") used in distillation towers are typically lower than that of a theoretical 100% efficient equilibrium stage.
Hence, a distlllation tower needs more trays than the number of theoretical vapor-liquid equilibrlum stages.

In modern Industrial uses, generally a packing material is used in the column instead of trays, especially when low pressure drops
across the column are required, as when operating under vacuum.
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Large-scale, industrial
vacuum distillation

columnl32]

This packing material can either be random dumped packing {1-3" wide) such as Raschig_rings or structured sheet metal. Liquids
tend to wet the surface of the packing and the vapors pass across this wetted surface, where mass transfer takes place. Unlike
conventional tray distillation in which every tray represents a separate point of vapor-liquid equilibrium, the vapor-liquid eguilibrium
curve in a packed column is continuous. However, when modeling packed columns, it is useful to compute a number of "theoretical
stages” te denote the separation efficiency of the packed column with respect to more traditional trays. Differently shaped packings
have different surface areas and void space between packings. Both of these factors affect packing performance.

Another factor in addition to the packing shape and surface area that affects the performance of rendoem or structured packing is
the liquid and vapor distribution entering the packed bed. The number of theoretical stages required to make a given separation is
calculated using a specific vapor to liquid ratio. If the liquid and vapor are not evenly distributed across the superficial tower area as
it enters the packed bed, the liquid to vapor ratio will not be correct in the packed bed and the reguired separation will not be
achieved. The packing will appear to not be working properly. The height equlvalent of a_theoretical plate (HETP) will be greater
than expected. The problem is not the packing itself but the mal-distribution of the fluids entering the packed bed. Liquid
mal-distribution is more frequently the problem than vapor, The design of the liquid distributors used to introduce the feed and
reflux to a packed bed is ¢ritical to making the packing perform to it maximum efficiency. Methods of evaluating the effectiveness of
a liquid distributar to evenly distribute the liguid entering a packed bed can be found in references, 2211291 Considerable work as

been done on this topic by Fractionation Research, Inc. (commonly known as FRI}.[22]
Mutlti-effect distillation

The goal of multi-effect distillation is to increase the energy efficiency of the process, for use in desalination, or in some cases one

stage In the production of ultrapure water. The number of effects is proportionat to the kW-h/m3 of water recovered figure, and
refers to the volume of water recovered per unit of energy compared with single-effect distillation. One effect is roughly

636 kW-h/m>.
» Mutti-stage flash distillation Can achieve more than 20 effects with thermal energy input, as mentioned in the article.

« Vapor compression evappration Commerclal large-scale units can achieve around 72 effects with electrical energy input,
according to manufacturers.

There are many other types of multi-effect distillation processes, including one referred to as simply multi-effect distillation (MED),
in which multiple chambers, with intervening heat exchangers, are employed.

Distillation in food processing

Distilled beverages

Main article: Distlled beverage

Carbohydrate-containing plant materials are allowed to ferment, producing a dilute solution of ethano! in the process. Spirits such

as whiskey and rum are prepared by distilling these dilute solutions of ethanol. Components ather than ethanal, including water,
esters, and other alcohols, are collected in the condensate, which account for the flavor of the beverage.

Gallery

Chemistry on its beginnings used retorts as laboratary equipment exclusively for distillation processes.

T 7:'- A simple set-up to distill dry and oxygen-free toluene.
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Diagram of an industrial-scale vacuum distillation column as commonly used in oil_refineres

| A rotary evaporator is able to distill solvents more quickly at lower temperatures through the use of a vacuum.

& Distillation using semi-rmicroscale apparatus. The jointless design eliminates the need to fit pieces together. The

8l near-shaped flask allows the last drop of residue to be removed, compared with a similarfy-sized round-bottom flask
The small holdup volume prevents lasses. A plg is used to channel the various distillates into three receiving flasks. 1f
necessary the distillation can be carried out under vacuum using the vacuum adapter at the pig.
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Translations:

Distillation

Dansk {Danish)
n. - destillering, destillat

Nederlands {Dutch)
distillatie, distillaat, afleiding

Frangais {French)
n. - {Chim, fig, etc} distillation

Deutsch (German)
n. - Destillation, Destillat

EAAnvike {Greek)

n. - {¥ny.) andoragn, SIUAION, AOUMIKAPIOUA, pagIVapIIa, GIATPADMIgUT
italiano (Italian)

distillazione

Portugués (Portuguese)
n. - destilagdo (f)

Pycckwit {Russlan)
neperoHka, AUCTMANALUMR, PEKTUDUKALMA

Espariol {Spanish)
n. - destilacién

Svenska (Swedish}
n. - destillering, koncentrat

$37 ( @k ) (Chinese (Simplified))
B, BWY, 1L, Wi

3 ( %@ ) (Chinese (Traditional))
n. - B, BiaY, S, M

=04 (Korean)
n -8 d+

B # & (Japanese)
n. - X§E, @y, REHE

4l (Arabic)
pegadi | bl )]

naw {Hebrew)
n. - PP AT

If you are unable to view some languages clearly, click here.

To select your translation preferences click here.

Related topics:

IR distiiate

M rectification

R distiation column (chemistry)

Related answers:

88 What happens_if the distillation flask is not securely attached to the distillation head? Read answer...
L& similarities between distillation_and fractional distillation? Read apswer,..

£6 oiffrence between simple distillation_and vacuum distillation? Read answer...,
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Help us answer these:
&% What is_the similarities hetween distilation and frational distillation?

a7 Simple distillation versus fractional distillation?
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Fraktionierverfahren und -wvorrichtung

Die Erfindung betrifft ein Verfahren zum Fraktionieren
hitzeempfindlicher Substanzgemische mittels Kurzweg-Destil-
lation im Diinnschichtverdampfer mit innenliegendem Konden-

sator.

[ Der Begriff "Kurzwegdestillation" bezeichnet eine
Art der Vakuumdestillation, bei der die freie Weglinge der
Produktmolekiile kleiner ist als der Abstand zwischen Ver-
dampfer und Kondensator, so dass Zusammenstsse zwischen
Molekillen m&glich sind.

10 Fir die fraktionierte Destillation hitzeempfindlicher
Substanzen, die sich bei normalen Siedetenmperaturen zer-
setzen wiirden, wendet man die Hochvakuum~ oder Molekular-
destillation an. Diese Form dexr Destillation geniigt den
heutigen Anforderungen beziiglich Ausbeute und Durchsatz

15 hiufig nicht mehr.
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nuf der anderen Seite ist eine der perfektioniertesten
Destillationsanlagen, die sogenannte Kurzwegdaestillations-
anlage mit DUnnschichtverdampfer mit innenliegendem Konden-
sator nur flir den kontinuierlichen Betrieb verfilighar, d.h.
sie ermdglicht die Entnahme eines gleichbleibenden Produkts.
Im Gegensatz dazu erfordert die fraktionierte Destillation
die Aufteilung des Substanzgemisches in beispielsweise 10-
20 verschiedene Fraktionen. Dies liesse sich durch Hinter-
einanderschalten einer entsprechenden Anzahl kontinuierli-
cher Anlagen erméiglichen. Die Investitions- und Betriebs-
kosten fiir eine solche Anlage widren allerdings Ubermissig
hach. . -

Der Erfindung liegt daher die Aufgabe zugrunde, eine
M8glichkeit der fraktionierten Destillation mit einer Rurz-

vegverdampfungsanlage aufzuzeilgen, die konomisch tragbar
igt,

Erfindungsgemiss wird dies dadurch erreicht, dass
die Kurzwegdestillation diskontinuierlich durchgefiihrt
und das gleiche Produkt mehrfach erneut auf denselben
Rurzwegverdampfer aufgegeben wird. Durch Verdnderung der
Betriebsdaten k¥nnen nacheinander verschiedene Fraktionen

gewonnen werden.

Zur Durchfithrury dieses Verfahrens eignet sich eine
Kurzwegverdampfungsanlage mit einer Destillierblase, einem
aufgesetzten Diinnschichtverdampfer mit innenliegendem Kon-
densator, und einem Produktunwdlzkreislauf mit einer Umw&lz-
pumpe zwischen Destillierblase und Verdampfer.

Im folgenden ist anhand der beiliegenden Zeichnung
ein Ausfilhrungsbelspiel der Erfindung beschrieben.

Wie die Zeichnung zeigt, besteht die Kurzweg-Destilla-
tionsanlage im wesentlichen aus einer liegenden Destillier-
blase 1, auf die ein Diinnschichtverdampfer 2 mit innenlie~
gendem Kondensator aufgebaut ist. Der tibliche Rotor des
Diinn : : .

schichtverdampfers ist fiir den Einsatz bei der Rurzweg-

destillation mit einem Separator ({nicht gezeigt) ausgeriistet.
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Die Verhindung zu den Vakuumpurpen (nicht gezeigt) erfolgt iiber eine
ebenfalls auf der Destillierblase aufqesetzte Kdltefalle 3. Diese
Kiltefalle dient dazu, die aus der Destillierblase abge-~
saugten Gase zu kilhlen, um den Anteil an Restdampf so nie-
drig wie mdglich zu halten.

' Von der Unterseite der Destillierblase fithrt eine '
Leitung 4 zu einer Umwilzpumpe 5 und weiter zum cberen
Teil deg Diinnschichtverdampfers 2.

Destillierblase und Verdampfer sind mit Ublichen
Heizelementen versehen, die im Falle der Destillierblase
mit Heizdampf und im Falle des Verdampfers mit Heisswasser
beheizt werden. Der Kondensator des Diinnschichtverdampfers
2 wird mit Kihlwasser gekilhlt, die Kdltefalle mit Kiihlsole.

Unterhalb des Kondensators des Verdampfers 2 und der Kdlte-
falle 3 befinden sich Auffangvorrichtungen fiir das Destillat.

Im Betrieb arbeitet die Anlage wie folgt:

Das Ausgangsprodukt wird durch das Vakuum in die
Destillierblase eingesaugt. Widhrend des Betriebs wird das
Produkt durch die Pumpe 5 iiher die Leitung 4 durch den
Kurzwegverdampfer 2 umgepumpt. Im Verdampfer wird ein Teil
des Produktes abdestilliert und zwar entsprechend.der ge-
wdhlten Heizmitteltemperatur und dem Betriebsdruck. Durch
Verdnderung dieser Betriebsdaten kdnnen nacheinander vex-
schiedene Fraktionen gewcnnen werden. Die Produktdimpfe
werden an dem Kondensator des Verdampfers 2 niedergeschla-
gen. Das Destillat wird unterhalbh des Kondensators aufge -
fangen und nach aussen abgepumpt. Die aus der Destillier-
blase abgesaugten Gase werden in der Riltefalle gekilhlt.

Das von der Kdltefalle ablaufende Destillat wird ebenfalls
nach aussen abgepumpt.

Selbstverstindlich sind anstelle von Kithlsole bzw.

-wasser und Heizwasser auch andere {ibliche Kiihl- und Heiz-
medien verwendbar.
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Eine typische Anlage nach der Erfindung ist wie folgt
dimensioniert: Die Destillierblase hat mit einem Durch-
messer von 1000 mm und einer Gesamtlinge von ca. 1900 mm
einen Inhalt von ca. 630 Liter. .

Der Verdampfer besitzt einen Innendurchmesser von
600 mm und eine Wirmetlbertragungsfliche von 3 mz. Dex
Xondensator lm Inneren des Verdampfers besteht aus einem
stehenden Rohrbiindel, das mit dem unteren Teil des Verdamp-
fers fest verbunden ist und von unten in den Verdampfer
eingebaut wird. Die Wirmetlibertragungsf liche des Kondenéa—
tors betrigt 4,5 mz.

Die Kiltefalle hat ebenfalls einen Durchmesser von
600 mm.und eine Li¥nge von ca. 1050 mm. Die Wirmeitbertra-
gungsfliche des als Spiralschlange ausgefiihrten Kondensators
betridgt ca, 6,3 mz.

Diese Anlage ist fiir eine Produktmenge von 300 kg
ausgelegt. Die Betriebszeit betr#gt ca. 5 Stunden, wobel
wihrend dieser Zeit ca. 10 Fraktionen gewonnen werden.

In einer Versuchsanlage mit einer Einsatzmenge von
10,0 kg wurden wihrend einer Betriebszeit von 195 Minuten
folgende 11 Fraktionen gewonnen:
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Fraktion | Menge ) Druck Temper,ats;']
No. absolut 2 Zeit im Verdampfer | Heizmedi
[ 5] Einsatz | [min} {Torr] (“c)
1 116 1,2 50 70— 0,43 80--—> 110
2 2490 25,0 30 0,43—>» 0,4 110
3 1788 17.9 17 0,39 1lo
4 862 8,6 13 0,39 100
5 Bg2 8,8 15 C,39 100
6 729 7,3 20 0,39 loo - i
7 406 4,1 20 0,39 100
8 520 5,2 20 0,39 115
9 207 2,1 20 0,39 120
1o 202 2,0 10 0,38 . 125
1L 216 2,2 10 0,39 135
> 8418 igs
-Rﬁckstand 1350
Destillat

Kiihlfalle 60

9828 &4 98,5 Gew. % bezgl. Einsatzmenge
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Patentanspriiche

1. Verfahren zum Fraktionieren hitzeempfindlicher
Substanzgemische mittels Kurzwegdestillation im Diinn-
schichtverdampfer mit innenliegendem Kondensator, dadurch
gekennzeichnet, dass die Kurzwegdestillation diskontinuier-
lich durchgefithrt und das gleiche Produkt mehrfach erneut
auf dencelben XKurzwegverdampfer aufgegeben wird.

2. Vorrichtung zur Durchfiihrung des Verfahrens
nach Anspruch 1, gekennzeichnet‘durch eine Kurzwegver-
dampfungsanlage mit einer Destillierblase, einem aufge-
setzten Dlinnschichtverdampfer mit innenliegendem Konden-
sator und einem Produktumwilzkreislauf mit einef Umwalz-
pumpe zwischen Destillierblase und Verdampfer.
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ABSTRACT OF THE DISCLOSURE

An improved arrangement for vacuum and short-path
distillation spparatus wherein stationary, angled, spatter-
guard members are provided between a rotating means
for spreading distilland on an evaporating surface, and
a condensing surface whereon distilland vapors from the
evaporating surface are condensed. The stationary spat-
terguard members are provided with a irough for collect-
ing spattered distilland material, Means are also provided
for delivering the spattered material back to the means
for spreading, whereby the spattered material is sptead
onto the evaporating surface.

Background of the invention

The present invention relates to &n apparatus for
vacuum and short-path distillation, More particularly,
the presenl invention relates to such apparatus having
spatterguard members disposed within the distillation
chamber of the apparatus jn the vieinity of the condensing
surface in such a manner that the evaporating surface is
optically obstructed with respect to the condensing sur-
face.

In the type of apparatus with which the present inven-
tion Is concerned, a thin layer of distilland js spread onto
an evaporating surface by a spreading or distributing
means and is condensed on a cool condensing surface
especially provided for that purpose,

Vacuem and short-path distillation is commonly prac-
ticed and widely employed throughout the chemical indus-
try. Various devices and apparatus for the practice of
this process are known. In the practice of vacuum and
short-path distillation, it has been found advantageous,
particularly for distillations in the ranges of fine and high
vacuums, 10 spread the distilland in a thin layer, for
example in the form of a film, over an evaporating sur-
face. In such an arrangement, the thin layer spread on
the evaporating surface is evaporated and condensed on
a condensing surface oppositely disposed with respect
to the ¢vaporating surface. The distiiand film is usually
applied to the evaporating surface by distributing means
especially designed for this purpose.

Various types of wipers, brushes, rollers and other
suitable devices have been used for this purpose. It should
be noted that the distillation arrangement, jost described,
hes advantageously been employed, not only in the high
vacuum range, but also in the fine and coarse vacuum
ranges. Onc result of using the distillation process, as
here described, in these ranges is that bubbles are formed
on the evaporating surface. This is true perticularly when
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materials of very different vapor pressures are used as .

the distilland in the distitlation process. The bubbles
formed by the distilland cause spatters on the evaporating
surface, which leads to a contamination of the distillate
material.

In order to eliminate this problem, previously designed
apparatus for use in such processes have made use of
rotating spatterguard members disposed between the
evaporating and condensing surfaces, which rotate with

a3
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the distilland distributing means, and which optically
obstruct the condensing surface from the evaporating
surface. In such arrangements vapors from the distilland
are passed through slits or openings, provided therefor,
through the spatterguard members to the condensing sur-
face, In this type of an arrangement, the spattered distil-
land materials are interrupted before reaching and con-
taminating the condensing surface and are thrown back
to the evaporating surface with the help of centrifugal
forces created as the spatterguard members are rotated,
This arrangement does have the advantage that spattered
distilland materfal caught by the spatterguard members
is prevented from coming into contact with the condens-
ing surface. However, this arrangement has the important
disadvantage that considerable technical effort and ex.
penditure is required where structorally large chambers
characterized by large diameters and great heights are
employed. Moreover, such large arrangements require
solutions to special problems caused by the relatively
large rotating mass involved.
Summary of the invention

It is therefore an object of the present invention o
improve the vacuum and short-path distitiation appara-
tus in order to climinate the above-described disadvan-
tapes.

According to the present invention, it is therefore pro-
posed to provide a series of stationary, angled spatter-
guard members, and at least one collecting trough at the
stationary spatterguard members for collecting spattered
distilland material stopped by the spatterguard members.
The collecting trough is provided with at least one drain
pipe through which the collected spattered distilland ma-
terial is carried to a collecting channel provided on the
Totating distributing means, The collecting channel on the
distributing means, being open or perforated on its side
facing the evaporating surface, returns the spattered ma-
terial delivered by the drain pipe to the evaporating sur-
face with the help of centrifugal forces the distributing
means creafes as it rotates. The collecting channel on the
rotating distributing means can be a ring-shaped member
which is horizontally disposed or inc¢lined toward the
evaporating surface. The collecting channel can also be
a rectangularly shaped, or semi-circularly shaped member.

In order to facilitate the installing of the rotating dis-
tributing means, it is preferred to construct the means
connecting the drain pipe to the collecting trough in such
4 manner that the drain pipe is laterally pivotal with
respect to the collecting trough. Thus, when a plurality
of collecting troughs arc provided at the stationary spat-
terguards, one above the other, in a stacked arrangement,
the drain pipes can be uniformly moved, if necessary,
by an appropriate device provided for that purpose,

According to another preferred arrangement, the drain
pipe of the collecting trough is connected to the collecting
trough by a means which allows the drain pipe to be
displaceable in its longitudinal direction.

In yet another advantageous arrangement, the drain
pipe of the collecting trough is connected to the collecting
trough so that the drain pipe is foldable from a relatively
horizontal position to a relatively vertical position and
vice versa.

In order to prevent the spattered distilland material col-
lected in the collecting troughs from reaching the con-
densing surface and to flow off downwardiy, it is advan-
tageous to seal the collecting trough drain pipe from the
collecting trough in any known manner using any suitable
sealing device or material,

Brief description of the drawings

FIGURE 1 is a view of a longitudinal section of the
distillation process apparatus according to the present in-
vention.
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FIGURE 2 is a cross-sectional view taken along the line
2—2 of FIGURE 1.

FIGURES 3a through 3c are partial views of the ap-
paratus according to the invention showing various em-
bodiments of the collecting trough-drain pipc-collecting
channel arrangement of parts.

Description of the preferred embodiments

Referring first to FIGURE 1, a longitudinal section
taken through a distillation chamber according to the
present invention is shown therein. Distilland m::itenal
is spread onto an evaporating surface 1 by spreading Or
distributing means mounied on the distributing means
rotor 3 and driven by a shaft 31, Distributor clements 32
of the distributing means are disposed on appropriale sus-
pension devices 33 positioned between the evaporating sur-
face 1 and the condensing surface 2 within the interior
of the distiltation chamber shown. Also located within the
distillationt chamber are stationary, spatterguard members
4, The spatterguard members 4 are angle-shaped and are
arranged one hehind the other, The inside surface of the
angle of each spatterguard member 4 faces the outside
surface of the angle of the preccding spatterguard memi-
ber 4. In addition, the spatterguard members 4 are posi-
tioned between the condensing surface and the condensing
surface side of the distributing means in such a manner
that tbe spatterguard members 4 provide an optical ob-
struction between the evaporating surface 1 and the con-
densing surface 2.

Three collecling troughs 41, each having at least onc
drain pipe 42 connected thereto, are disposed in vertical
serics on the spatterguard members 4, At the end of the
drain pipe 42 away from the collecting trough 41, a chan-
nel 43 is provided which is conanccted to the distributing
means fotor 3. By this arrangement spattered distilland
material- collected in the collecting trough 41 passes
through the drain pipe 42 and is delivered to the channel
43. From therc the spattered distilland material is re-
turned to the evaporating surface 1 by centrifugal forces
created by the rotation of the distributing means rotor 3.

Again, as shown in FIGURE 1, distilland material first
enters the distillation chamber by way of inlet pipe §
which delivers the distilland material to the rotating
distributor plate 51. The distributor plate 51 in turn de-
livers the distilland to the evaporating surface 1. The dis-
tillate formed on the condensing surface 2 is collected and
drawn off at 52. The interior 11 of the distillation cham-
ber is evacuated through the exit connection 6 by an
evacuating device not shown,

Referring now to FIGURE 2, shown thercin is a cross
section of the distillation apparatus according to the in-
vention, as viewed along the line 2—2 of FIGURE 1.
The spatierguard members 4 are ilustrated to be in series
arrangement. As clearly depicted, the inside surface of
cach spatterguard member 4 faces the outside surface of
each preceding angled spatterguard member 4 in the series
arrangement.

Referring to FIGURES 3a-3c, enlarged views of the
collecting trough-drain pipe-collecting channel arrange-
ment of parts are illustrated.

In particular, referring to FIGURE 3a, the drain pipe 42
is shown to be connected to the collecting trough 41 by
means which allows drain pipe 42 to be pivoted lateral-
ly in position.

Referring next to FIGURE 35, in the arrangement of
parts shown therein, the drain pipe 42° is provided with
mcans which allows it to be displaced in the direction of
its long dimension.

Referring next to FIGURE 3¢, in the arrangement of
parts shown therein, the drain pipe 42" is provided with
means which allows it to be folded from a relatively hori-
zontal position 1o a relatively vertical position and vice
Versa.

Furthermote, various embodiments of the collecting
channel positioned or the distributing means rotor 3 are

10

20

25

30

35

40

45

50

65

40

a5

70

75

4
shown in the FIGURES 3a through 3¢, Referring again
to FIGURE 3a, the channel 43 is shown to be cpen on
its side facing the evaporating surface 1 at 45, as in the
apparatus of FIGURE 1.

Referring again to FIGURE 33, the channel 43' con-
sists of & rectangularly-shaped member which is open on
its side facing the evaporating surface 1 by means of
perforations 45’ provided therefor.

Referring again to FIGURE 3¢, the chanmel 43", shown
therein, is constructed so as to have a scmi-circular ¢ross
section and an opening 45",

In order to avoid the possibility of spattered distilland
material flowing back to the condensing surface a seal
44 is provided in each of the embodiments, FIGURES
3a~3¢, between the collecting trough and collecting trough
drain pipe.

It will be understood that the above description of the
ptesent invention is susceptible to varions modifications,
changes and adaptations, and the same are intended to be
comprehended within the meaning and range of equiva-
lents of the appended claims.

We claim:

1. In apparatus for vacuum and short-path distillation
having a vacuum chamber, an evaporating surface with a
thin layer of distilland material spread thereon, rotating
distributing means for spreading the distilland onto the
evaporating surface, a cooled condensing surface, spatter-
guards provided between said evaporating surface and said
condensiag surface which form an optical obstruction be-
tween the cvaporating surfacc and the condensing sur-
face, the distilland being condensed onto the condensing
surface after passing as a vapor through openings, pro-
vided therefor, between the spatterguards, the improve-
ment wherein

{a) said spatterguards are stationary, angled members
being arranged in series, one behind the other, to col-
Yect spattered distiland material, and being disposed
between said rotating distributing means and said
condensing surface;

(b) at least one collecting trough disposed at said sta-
tionary spatterguards for coliecting spattered distil-
land material from said stationary spatterguards;

(c) at least one drain pipe leading from said collecting
trough whereby collected spattered distilland mate-
rial is returned to said rotating distributing means;

(d} a collecting channel provided on the rotating dis-
tributing means for receiving spattered distilland ma-
terial from said drain pipe; and

(¢) said collecting channel being provided at least one
opening on its evaporating surface sidc whereby spat-
tered distilland material can be returned to the evapo-
rating surface,

2. Apparatus as defined in claim 1 wherein said drain
pipe is connected to said collecting trough by means which
allows the drain pipe to be displaced in a longitudinal
direction.

3. Apparatus as defined in claim 1 wherein said drain
pipe is pivotally connecicd to said collecting trough by
means which allows the drain pipe fo be displaced lateral-
ly in its connected position.

4. Apparatus as defined in claim 1 wherein said drain
pipe is pivotally connected to said collecting trough by
means which allows the drain pipe to be folded from a
relatively horizontal position to a relatively vertical posi-
tion,

5. Apparatus as defined in claim 1 wherein said col-
lecting channel has a semicircular shape in cross section.

6. Apparatus as defined in claim 1 wherein said evapo-
rating surface side of said collecling channel has a wal}
member provided with a plurality of perforations,

7. Apparatus as defined in claim 1, said apparatus fur-
ther defined by means providing a seal between said drain
pipe and said collecting trough.

(References on following page)



2,993,842
2,955,990
3,004,901
3,054,729

330,805

5

References Cited
UNITED STATES PATENTS

3,434,935

7/1961 Smith oo _____ 202—187 X
10/1960 Smith ____.___..._____ 159—6
10/1961 Nerge et al. ae_ o __

9/1962 Smith __.._._.._____

FOREIGN PATENTS
6/1930 Great Britain.

6
656,605 8/1951 Great Britain.
1,068,215 11/1959 Germany.

NORMAN YUDKOFE, Primary Examiner.

202236 5 F. E. DRUMMOND, Assistant Examiner.

15— X

US. CL XER.
159—6; 202--197, 208, 236

s



Europélschas Patentamt
® 0 European Patent Office
Office européen des brevets

G Verdffentiichungsnummer: 0 066 790
Al

@ EUROPAISCHE PATENTANMELDUNG

@ Anmeldenummar: §2104623.2

@ Anmeldetag: 27.05.82

& m.ax:B01D 3/12

& Prioritat; 06.06.81 DE 3122652

@ VerHentlichungstag der Anmeldung: 15.12.82
Patontiatt 82/50

64 Benannte Vertragsstaaten: BE CHFR GBIT LILUNL SE

) Anmeider: Leybold-Heraeus GmbH, Bonner
Strasse 504 Postfach 61 07 60, D-5000 K8in 51 (DE)

@ Erfinder: Fauser, Friedrich, Spossartstrasse 19,
D-6451 Hammersbach {DE)
Erfinder: Fischer, Willl, Klaine Rathausgasse 3,
D-6453 Seligenstadt (DE)

) Vertreter: Letnewesber, Jiirgen, Dipl.-Phys., Bonnet
Strasse 504 Posttach 51 07 60, D-5000 K&in 51 (DE)

€ Verfshren und Vorrichtung zur Kurzweg-Destiltation,

&) Beieinem Verfahren zur Kurzweg-Destillation van filis-
sigen Produkten im Vakuum, bel dem das Produkt auf plat-
tentdrmige Verdampfungsfifichen (8) aufgebracht wird, von
denen destiilierbare Anteile abdampfen und auf in kleinem
Abstand davon angeordneten Kondensationsfidchen (8, 22)
niederschlagen, und bei einer Vorrichtung zur Durchifih-
rung dieses Verfahrans wird das Produkt mit einer solchen
Temperatur auf die Verdampfungsflachen (8) aufgebracht,
daB die zur Verdampfung notwendiga Energie zumindest
teilwelsa dem nach nicht verdampften Produktanteil ent-
nommen wird,
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TEYBOLD-HERAEUS GMBH:
Kéln-Bayental

Verfahren und Vorrichtwsy zur Kurzweg-Destillation

Die Erfindung bezieht sich auf ein Verfahren zur Kurzweg-
Destillation von fllissigen Produkten im Vakuun, bei dem das:
Produkt auf Verdampfungsflichen aufgebracht wird, von

denen destillierbare Anteile des Produktes abdampfen und
auf in kleinem Abstand davon angeordneten Kondensations-
flichen niederschlagen. Die Exrfindung bezieht sich dariiber
hinaus auf eine zur Durchfiihrung des Verfahrens geeignete
Vorrichtung.

Die Kurzweg-Destillation dient zur Geradeaus-Destillation
won témperaturempfindlichen Stoffen kel niedrigen Driicken.
Die dabei entstehenden Dampfvolumina werden chne ptossel-
verluste von der Verdampfungsflédche zur Kondensationsfléche
transportiert, indem die beiden Flichen in kleinem Abstand
gegeniiber angeordnet werden und die Ddmpfe damit einen
"kurzen Weg" bei maximalem Strdmungsquerschnitt zur Ver-
fliigung haben. Das Produkt wird in Form eines diinnen Films
{Riegelfilm, Wischfilm, Fallfilm oder dgl.) auf der Ver-
dampferfliche ausgebreitet. Dadurch werden eine kurze
Verwellzeit uﬁd eine zusitzliche Produktschonung erreicht.
wekannte Verfahren und Vorrichtungen beniitzen zur Zufihrung
der Wirmeenergie beheizte Verdampferfldchen, Es werden
Wirmetriger-Heizungen (Dampf, Wirmetrdger-0l) in Doppel-
minteln und auch Strahlungsheizungen angewendet.

Nachteilig an den vorbekannten Verfahren und Vorrichtungen
ist, daB sie technisch aufwendig und beziiglich Herstell-

und Betriebskosten relativ teuer sind. Es treten immer wieder
Verkrustungen der Verdampferfléchen auf, wenn nicht stets
eine HuBerst gleichmiBige Verteilung des Produktes auf den
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Verdampferflichen sichergestellt ist, Diese Vefkrustungen
beeintridchtigrr den welteren Verfahreasablauf und sind nar
durch aufwendige Reinigungsp;ozesse zu beseitigen. Bei der
Destillation von Massenprodukten, wie z. B. der Erdol-
Destillation, hat sich die Kurzweg-Destillation deshalb
noch nicht durchgesetzt, .

-

Der vorliegenden Erfindung liegt ¢éi= Aufgabe zugrunde, ein
Kurzweg-Destillationsverfahren der eingangs genannten Art
energiesparender zu gestalten; auBerdem soll eine wesentlich
einfachere und kostenglinstigere Gestaltung von Vorrichtungen
zur Durchfiih*ung dieses Destillationsverfahrens'erhﬁglicht
werden. .

Erfindungsgemés wird der erste Teil der Aufgabe dadurch
geldst, da8 das Produkt mit einer solchen Temperatur auf die
Verdanpfungsflichen aufgebracht wird, daf die zur Verdampfung
notwenuige Energie ...z oder auch teilweise  oder abschnitts-
weise dem noch nicht verdampften Produktanteil entnommen
wird. Wesentliche Vorteile dieser Mafnahmen liegen darin,

dag Wﬁrmeﬁbertragungsflécheq nicht mehr vorhanden zy sein

brauchen. Der insgesamt notwendige Energieaufwand ist deshalb|

geringer als bei fremdbeheizten Verdampferflachen, was den
Vorteil einer Re&uzierung der GrdBe der Verdampferflichen hat
Weiterhin kénnen mit dem ﬁegfall der-Fremdbeheizung der
Verdampfungsflichen auch die dazu notwendigen Installations-
kosten entfallen. Dariber hinaus treten infolge des_fehlens
der Fremdbeheizung Ve;krustungen nicht mehr auf, auch wenn
die Produktbelastung der Verdampferflichen zeitweise un-
gleichmiBig ist. Die bei der Herstellung der Verdampfer-
fldchen bisher notwendige Bearbeitungsgiite zur Erzielung’
einer gleichm#Bigen Filmverteilung kann deshalb stark
reduziert werdepn.

Im Gegensatz zur konventionellen Kurzweg-Destillation nimmt
die Temperatur des zu destillierenden Produktes'wéhrend des

LS
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Durchlaufs durch die Apparatur ab. Um die Temperatur-

differenz zwischen Aufgabe und Ablauf klein zu halten, ist

es zweckmdfig, .aB das Produkt mshrfach iiber die Verdamp~
fungsfléichen zirkuliért, indem es in einem Kreislauf
geffhrt wird, wobei Speisung und Riickstandsabnahme im Teil-
strom erfeclges,, Cleichzeitig wird dadurch der Siedebereick
des Produktes eingeengt.

Eine weitere Méglichkeit besteht da:’n, der von der Au.gabe
zum Ablauf abnehmenden Temperatur des Produktes éine
gleichsinnig abnehmende Kondensations-Temperatur und/oder
einen gleichsinnig abnehmenden Verdampfungsdruck zuzuordnen.
Dazu kann z. B. der Kihlmittelstrom entsprechend (im
Gegenstrom zum Speiseprodukt) gefithrt sein. Natirlich
ktnnen auch mehrere getrennte Kthlkreisl&ufe mit unter-

‘schiedlichen Temperaturen vorgesehen sein. 2Zur Einstellung

unterschiedlicher Driicke kdnnen Drosselelemente im Vakuum-
behdlter oder auch mehrere Anschliisse € Pumpen mit.unter—
schiedlichem Saugvermégen vorliunden sein. ScnlieBlich

kann dieses Ziel mit uﬁterschiedlicher Querschnitts—
gestaltung des Vakuumgefifes erreicht werden.

Weiterhin kann es vorteilhaft sein, einen Teil der Verdamp-—
fungsfldchen ~ vorzugsweise die im Bereich der Riickstands-
Abnahme liegenden Verdampfungsflidchen - béheizbar zu
gestalten. Als Heizmedium dient zweckmidBigerweise das
Speiseprodukt selbst, wenn es vor der Einspeisung eine
ausreichend hohe Temperatur hat.

Eine vorteilhafte Vorrichtung zur Durchfithrung des
erfindungsgeméen Verfahrens ist durch ganz oder auch teil-
weise oder abschnittsweise nicht fremdbeheizte Verdampfungs-
flachen gekennzeichnet, also dadurch, daB zumindest auf
einem Teil der Verdampfungsflidchen die flir die Verdampfung
notwendige Energie der filhlbaren Wirme des noch nicht
verdampften Produktanteils bzw. seiner Enthalpie entnommen
wird. Besonders glinstig- ist der Einsatz derartiger

w6
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Vorrichtungen fiir die Destillation von Produkten mit
kleiner spezifischer Verdampfungswﬁzme und relativ groger
Enthalpie, wie es bei vielen hochmolekularen Stoffen der
Fall ist, Bei Erd&l kénnen E. B. 50 % des Speiseproduktes
aus der .Enthalpie der Fliissigkeit verdampft werden, wenn
die Eingangstemperatur .um 60 K gegeniiber der’ huckstands-
ablauftemperafur erh&ht wird.

Besonders vorteilhaft ist deshalb die Anwendung des
erfindungsgeméfen Verfahrens bzw, der Einsatz eines erfin-
dungsgem#s: gestalteten Kurzweg-Destlllationsapparates bei
der Erd&l- ~Destillation, .und zwar als sich an die tibliche
Destillation unter Vakuum anschlieBender Destillatlons-
schritt. Der Rickstand aus der vorgeschalteten Destillation
hat bereits eine ausreichend hohe Temperatur (ca, 360° Y,
50 daB der sich anschliesende Rurzweg-Destillationsschritt
chne jede-weitere Energiezufuhr durchgefiihrt werden kann.

Weitere Vorteile und Einzelheiten der Erfindung sollen
anhand von in den Figuren 1 bis 5 schematlsch dargestellten
Ausfiihrungsbeispielen erliutert werden

. In-allen Figuren sind der Vakuumbehdlter mit 1, ein

AnschluBstutzen filr eine Evakuierungseinrichtung mit 2,

eine Speiseleitung mit 3, eine Einrichtung zur Verteilung
des Produktes auf die Verdampfungsflachen mit 4, ein
Rilckstandssammler mit 5, eine Riickstandsablaufleitung mit 6
und ein Destillatablauf mit 7 bezerchnet,

Beim Ausfithrungsbeispiel nach Fig, 1 bildet eine einfache
Ablauf- bzw. Rieselplatte 8 die Verdampfungsfléchen,

In geringem Abstand davor sind Kondensationsfil4chen 9 ange-
ordnet. Diese bestehen aus jeweils einer ‘Rohrschlange,

dle von unten nach.oben vom Kihlmittel durchstrémt ist.
Dadurch ergibt sich eine Temperaturabnahme der Kondensa-
tionsfléchen 9 von oben nach unten, also von der Produkt-
einspeisung bis zum Ablauf, die der'ebenfalls in diesem
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* die Zirkulationsleitung 11 mit der Forderpumpe 12 vorge-

Es koénnen natfirlich auch (nicht dargestellt) mehrere

0066790

Sinne verlaufenden Temperaturabnahme des Speiseproduktés

entspricht.

Der Aufbau der Destillationseinrichtung nach Fig. 2 unter-
scheidet sich nicht vom Aufbau nach Fig. 1. Im Unterschied
zur Fig. 1 ist.jedocr ?-fiir gesorgt, das das Produkt mehr-~
fach auf die Verdampfungsflichen aufgebracht wird. Pazu ist

sehen. In diese Zirkulationsleitung 11 miindet die Speise-
1eitung 3. Auch die Rilickstandsablaufieitung 6 ist feil-
weise iiber die Zirkulationsleitung 11 gefithrt, so das
Speisung und Riickstands-Abnahme im Teilstrom erfolgen.

Beim Ausfithrungsbeispiel nach Fig. 3 werden die Verdamp-
fungsflichen 8 von vier untereinander angeordneten Ablauf-
platten 13 bis 16 gebildet, zwischen denen jeweils mittels
einer Rinne 17, 18 und 19 das Produkt von den Verdampfungs—
flichen abgenommen und der jeweils darunterliegrnden -
Ablaufplatte wieder zugefiihrt wird. Dad..ch wird eine
Verbesserung der GleichméBigkeit der Produktverteilung
(Film) des ablaufenden Speiseproduktes erzielt. Darfliber -
hinaus sind an der Innenwand des Behdlters 1 Drossel-
elemente 21 vorgesehen, die von nach innen ragenden
Blechabschnitten gebildet werden, Dadurch entstehen zwischen
den Kondensatoren 9 und den Drosselelementen 21
Drosselstellen, so daB sich mehrere Destillationsstufen mit
unterschiedlichen, nach unten abnehmenden Driicken bilden,
anstelle der oder zusétzlich zu den Drosselelementen 21
ktnnen mehrere AnschluBstutzen fiir Vakuumpﬁmpen mit unter-
schiedlichem Saugvermdgen vorgesehen sein, Zusftzlich
k8nnen auch die die Kondensationsflichen bildenden Rohre
gruppenweise mit einem Kiihlmedium geeigneter Temperatur
versbrgt sein,

Bei den Ausfiihrungen nach den Figuréﬁ 1 bis 3 ist jeweils
nur eine Ablaufplatte 8 im Vakuumgefd8 1 untergebracht,
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Platten 8 parallel zueinander mit jeweils dazwischen ange-

¢gdneten Kondensationsflichen im vakuuagefis 1 untergebracht
sein, um die insgesamt zur Verfiigung stehenden Verdampfungs-
fléchen drastisch za vergrifern.

zine andere Mdglichkeit der Vergréferung der Verdampfungs-
flédchen ist beim Ausfihrungsbeispiel nach den Figuren 4 und
5 verwirklicht. insgesamt sind drei Ablaufplatten 8 stern-
férmig im im Querschnitt {(Fig. 5} runden Vakuumgefis 1
untergebracht. Die Verteileréinrichtung 4 und der Riick-
standssammler 5 sind dieser Anordnung der ablaufplatten
angepaBt. Der Ubersichtlichkeit wegen sind nur drei
Ablaufplatten 8 dargestellt, Bei einer optimalen Ausnutzung
des Innenraumes des Vakuumgef&Bes 1 kdnnen natiirlich
wesentlich mehr Ablaufplatten (z..B. zwslf) sternférmig
darin untergebracht sein.

Beigternf® niger Anordnung der Zblaufplatten 8 gind die
Kondensationsflichen 22 zweckmiBigerweise V-£8rmig
gestaltet, so daB jede Flanke eines V-férmig gestalteten
Kondensationselementes einer der beiden Seiten der Ablauf-
Platten 8 gegeniiberliegt, Die einzelnen Kondensatorelemente
bestehen aus V-f6rmig gestalteten Rohrabschnitten 23,
denen im Bereich ihrer offenen Enden jeweils ein vertikal
angecordnetes Verteilerrohr 24 bzw. Sammlerrohr 25 zuge--
ordnet ist. Durch entsprechende Wahl des Zulaufs 26 (unten)
und des Ablaufs ., ,oben) wird wieder erreicht, daB die
Temperatur der Kondensationsflichen von oben nach unten
abnimmt. Die verbleibenden Raumabschnitte 28 bilden im
wesentlichen dreieckige Xanlle zur Sammlung und Ableitung
dexr nicht kondensierten Restgase,

Ein weiteres zweckmdBiges Merkmal, nimlich eine Neigung
der Flanken der V-fiirmig gestalteten Rohrabschnitte 23
nach unten, und zwar mit einem Winkel ¢! von 3 bis ?50,
vorzugsweise 5 big 200, ist der Fig, 4 entnehmbar. Dadurch

U



10

186

20

25

30

35

0066790

wird erreicht, daB das Destillat zur Seite hin abstrémt,
wo es in Ableitkanidlep /picht gesondert dargestellt)

.gesammelt wird. Dadurch wird die Bildung dicker Destillat-

Pilme auf den Kondensationsfldchen und der sich dadurch
verschlechternde Wirmeiilbergang bel tescnders hohen

fondensationsflichen vermieden.

In allen Figuren sind Aie Verdampfungsfléd:hen schematisch
als Platten dargestellt, éie kénnen jedoch zweckmdBiger-
weise Durchbriiche oder Fihrungen zur Durchmischung und foder
gleichmédBigen Verteilung des Produktfilms aufweisen. Dazu
kénnen die Verdampfungsflichen auch maschenféfmig gestaltet
sein und z. B. aus Streckmetall bestehen. Wesentlich ist,
daB der Produktfilm turbulent oder quasi-turbulent strimen

soll. .
Bei der Durchfiilhrung des erfindungsgeméfen Destillations-

verfahrens in den beschriebenen Vorrichtungen muB der
Verdampfungsdruck im Vakuumgefds 1 insgesamt relativ
niedrig gehalten werden. ZweckmiBigerweise liegt er im
Bereich von 50 bis 0,01 mbar, vorzugsweise 10 bis 0,1 mbar.
Dadurch wird erreicht, daB noch vorhandene Destillatfrak-
tionen mit groBer Auébeute gewonnen werden kénnen. Gleich-
zeitig hat das niedrige Druckniveau den Vorteil, daB die
Filmverdampfung ohne Blasensieden, d. h., ohne die Gefahr
des Spritzens, ablduft, Sollte es aus verfahrenstechnischen
Griinden erforderlich sein, am oberen Ende des Druckbereichs
zu arbeiten, dann ist es zwackméBig, zumindest abschnitts-

weise Spritzschutzelemente vorzusehen.
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Verfahren und Vorrichtung zur Kurzweg-Destillation

ANSPRUCHE

1.

2,

-8 -

LEYBOLD-HERAEUS GMBH
K&1ln-Bayental

Verfahren zur Xurzweg-Destillation von flissigen
Produkten im Vakuum, bei dem das Produkt auf Ve“dampfungsJ
flachen aufgebracht wird, von denen destillierbare
Anteile des Produktes abdampfen und auf in kleinem
Abstand davon angeordneten Kondensationsfliichen nieder-
schlagen, dadurch gekennzeich net,
daB das Produkt mit einer solchen Temperatur auf die
Verdampfungsflichen (7) aufgebracht wird, dagf die zur
Verdampfung notwendige Energie ganz oder auch teilweise
oder abschnittsweise dem noch nicht verdampften Produkt-~
anteil entnommen wird, da8 das fliissige Produkt auf die
Verdampfungsfl&chen (8) in Form e.nes turbulent oder
quasi-turbulent strémenden Films (Rieselfilm, Wischfilm,
Fallfilm oder dergleichen) anfgebracht wird und daB der
Verdampfungsdruck im Bereich der Riickstandsabnahme
niedriger ist als im Bereich der Produktelnspeisung, -

Verfahren nach Anspruch 1, dadurch
gekennzeichnet, daB die Destillation bei
Verdampfungsdriicken von 50 bis 0,01 mbar, vorzugsweise
10 bis 0,1 mbar, durchgefiihrt wird.

Verfahren nach Anspruch 1 oder 2, dadurch
gekennzeichnet . das das Produkt mehrfach
tiber die Verdampfungsflichen (8) iirkuliert, wobei
Speisung und Riickstandsabnahme im Teilstrom erfolgen,

Verfahren nach einem der Anspriiche 1 bis 3, d adur ch
gekennzeichne t, daB die Temperatur der
Kondensationsflichen (9) im Bereich der

0066790 |
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5.

10.
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Riickstandsabnahme niedriger ist als im Bereich der

Produkteinspeisung,

Verfahren nach einem der vorhergehenden Anspriiche,
dadurch gekennzeichnet, daB die
Destillation mehrstufig dr—. geflihrt wird und daB die im
Bereich der Riickstandsabnahme liegenden Verdampfer-
flidchen (8) fremdbebeizt werden.

Verfahren nach Anspruch 5, dadurch
gekennzeichnet, daRf die fremdbeheizten
Verdampferfliachen (8) vom Speiseprodukt durchstrdmt
werden,

Vorrichtung zur Durchfiihrung des Verfahrens nach einem
der vorhergehenden Anspriiche, gekenn=zeich-
n e t durch ganz oder auch teilweise oder abschnitts-
weise nicht fremdbeheizte Verdampfungsfldchen (8) und
dadurcu, daB die Verdampfungsflichen (8) von mindestens
einer vertikal angeordneten Platte gebildet werden, die
gwischen gekiihlten Kondensationsflidchen (9) angéordnet
ist.

'Vorrichtung nach Anspruch 7, dadurch

gekennzeichnet, daB die die Verdampfungs-
flichen bildenden Platten (8) sternférmig in einem
zylindrischen Vakuumgefd8 (1) angeordnet sind.

Vo._...ntung nach Anspruch 8§, daduzrch
gekennzeichnet, daf den sternfdrmig
angecrdneten Verdampfungsflichen V-f&érmig ausgebildete
Kondensationselemente zugeordnet sing.

Vorrichtung nach Anspruch 9, dadurch

gekennzeichnet, dag Kondensationselemente
nach aufen hin geneigte Rippen oder dergleichen auf-
weisen,

g2
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12.

13,

14,

15,

16.

17.

0066790

_10_

Vorrichtung nach Anspruch 10, dadurch _

ekenn-~eichnet, daf die Kond:. .....ons-
fldchen von V-férmig gestalteten Kanal- oder Rohr-
abschnitten gehildet werden,

Vorrichtung ..ach einem aer Anspriiche 9 bis 11,

dadu rch gekennzeichnet, daB den
V-£0rmig gestalteien Kondensationselementen an “hren
freien Enden Vertellerrohre bzw. Sammlerrchre zugeordnet
sind.

Vorrichtung nach einem der Anspriiche 9 bis 12,
dadurch gekennzeichnet, daB die
V=-fbrmig gestalteten Elemente nach aufen hin geneigt
angeordnet sind, und zwar mit einem Winkel Q¢ zur

Horizontalen von 5 bis 75°, vorzugsweise 5 bis 20°,

Vnrrichtung nach einem der Anspriiche 7 bis 13,
dadurch gekennzeichne ., -daB die
die Verdampfungsfléchen bildenden Platten (8) mit
Durchbriichen und/oder -fiihrungen zur ?rdduktverteiiung
versehen sind,

Vorrichtung nach einem der Anspriiche 7 bis 18,
dadurch gekennzediec hnet, daB die
plattenfdrmigen Verdampfungsflichen (8) mit einer
Vielzahl von Durchbriichen, z. B. nach Art eines
“treckmetall-Abschnittes, gestaltet sind.

Vorrichtung nach einem der Anspriiche 7 bis 15,
dadurch gekennzeilchnet, daB sie
derart ausgebildet ist, daB sich vom Produkt-Zulauf zur
Rickstandsabnahme abnehmende Driicke einstellen,

. Vorrichtung nach Anspruch 16, dadurch

gekennzeichnet  daBf das Vakuumgefis
einen sich &ndernden Querschnitt aufweist, daB geeignete

5>
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19.

- 20,
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Drosselelemente (21) vorgesehen sind oder daB unter-
schiedlich groB8e Pumpanschliisse oder unterschiedliche
Vakuum, umpsdtze an verschiedenen Stellen ':ec Vakuum-
gefdfes vorgesehen bzw,. angeschlossen sind.

Vorrichtung nach a%iem der vorhergehenden Vorrichtungs~
anspriiche, dadurch gekennzedich-
net, daf die Kondensationsflidchen mit von oben

nach unten abnehmender Temperatur betreibuar sind.

Vorrichtung nach Anspruch 18, dadurch
gekennzeichnet, daff das Kihlmedium
in den Kondensationsfldchen von unten nach oben

strdmt oder daB mehrere Kiihlkreisldufe vorgesehen sind.

Vorrichtung nach einem der Anspriiche 7 bis 19,

dad ﬁ rch gekennzeichnet, dal
mehrere ibereinander angeordnete, die Verdampfungs-
fléchen bildende Platten (13 bis 16) vorgeseiicn sind.
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i} dissolving only the light phase distillate in a solvent
(57 ABSTRACT comprising at least one alcohol to produce a solution

A process for isolating and purifying phytosterols and phy- of phytosterols and/or phytostanols;

lostanols frem talt oil pitch is disclosed which comprises the

- j) cooling the soltion to form a slurry with phytoster-
following stcps:

ols and/or phytostanols crystallized therein; and

a) feeding the pitch into a first distillation colemn; k) washing, filtering and drying the slurry to isolatc the

b) distilling the pitch to remove excess rosin acids and crystallized phytostercls and/or phytostanols from
fatty acids to form a distilled pitch; the filtratc.



