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GLYCOLS                 This invention relates to a method for producing
glycols. Such a method is particularly useful for        preparing alkylene
glycols, such as ethylene glycols.                 Commercial processes for
the preparation of alkylene glycols, for example, ethylene glycol,
propylene  5   glycol and butylene glycol, involve the liquid phase
hydration of the corresponding epoxide in the presence of a        large
molar excess of water (see, for example, Kirk-Othmer, Encyclopedia of
Chemical Technology, Vol. 11,        Third Edition, page 929 (1980)). The
hydrolysis reaction is typically conducted at moderate temperatures (for
example 100 to 200[err]C) with water being provided to the reaction zone in
excess of 15 to 20 moles per mole of        epoxide. The primary
by-products of the hydrolysis reaction are di-, tri-, and higher glycols.
The formation of 10   the di- and polyglycols is believed to be primarily
due to the reaction of the epoxide with alkylene glycols. As
epoxides are generally more reactive with glycols than they are with water,
the large excess of water is employed        in order to favor the reaction
with water and thereby obtain a commercially attractive selectivity to the
monoglycol product. However, even in light of the large excess of water, a
typical commercially practiced        method for making ethylene glycol has
a selectivity to EG of between 80 to 90 weight percent (wt%), a 15
selectivity to diethylene glycol (DEG) of between 9 to 15 wt%, and a
selectivity to triethylene glycol (TEG) of        between 1 to 5 wt%.
Since the glycols must be recovered from the hydrolysis reaction mixtures,
the large excess of water can        result in an energy intensive
procedure. Typically, the water is removed by evaporation to leave a glycol
containing residue which may be purified by distillation. Therefore, it
would be beneficial, at least from the 20   standpoint of energy
efficiency, to reduce the amount of water employed while maintaining, or
enhancing,        selectivity toward the monoglycol product.
Therefore, the method of this invention is a synergistic combination of the
processes of evaporation,        absorption, and reaction, combined to
enhance reaction yields for reactions of epoxides with compounds
containing hydroxyl functional groups. Such method comprises making glycol
in an evaporation column reactor 25   as follows: (a) feeding a hydroxyl
compound into the reactor; (b) feeding an epoxide into the reactor such
that the       epoxide compound is contacted with hydroxyl compound in a
reaction zone under conditions such that       substantially all of the
epoxide reacts to form a product comprising a glycol which is dissolved in
liquid hydroxyl       compound; (c) removing the mixture of liquid hydroxyl
compound and dissolved glycol away from the reaction       zone; and (d)
heating the mixture of liquid hydroxyl compound and dissolved glycol such
that at least some of the 30   hydroxyl compound is evaporated away from
the glycol; and (e) condensing and refluxing the evaporated       hydroxyl
compound and combining it with the hydroxyl compound of Step (a). In one
aspect of the invention, the       epoxide feed described in Step (b)
enters the reactor through at least two distinct ports within the reactor.
In       another aspect of this invention, the method is synergistically
conducted in at least two sequential effects (for       example evaporation
columns) which together form a multiple effect evaporation column reactor,
wherein the 35   unevaporated hydroxyl compound, and glycol dissolved
therein, in Step (d) is transferred from the first effect to a
subsequent effect of the evaporation column reactor, at a point below the
reaction zone of the subsequent effect,       such that it becomes the feed
of the subsequent effect's Step (a).                 WO 98/14419
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The method of this invention is useful to increase the yield of glycols
from epoxides and hydroxyl        compounds as compared to typical
processes known in the art. The required amount of hydroxyl compound is
also minimized as compared to typical processes known in the art.
Selectivity to the desired number of glycol        alkylations may also be
increased. For example, when the desired composition is mono-alkylene
glycol, by  5   removing the mono-alkylene glycol as more specifically set
forth herein, its selectivity is greatly increased with        respect to
di-, tri-, and higher glycols. Finally, the multiple effect reactive
evaporation aspect of the invention        provides desirable energy
efficiency compared to a typical single effect reactor system.
Figure 1 illustrates a single effect evaporation column reactor having
multiple epoxide feed ports.                 Figure 2 illustrates a dual
effect evaporation column reactor having single epoxide feed ports in each
10   effect.                 Figure 3 illustrates a triple effect
evaporation column reactor having multiple epoxide feed ports in each
effect.                 In each of the figures the following reference
numbers apply: 1 is the Hydroxyl Compound Feed; 2 is        the Epoxide
Compound Feed; 3 is the Distillate; 4 is the Enriching Section of the
Reaction Zone; 5 is the 15   Reaction Zone; 6 is the Stripping Section of
the Reaction Zone; 7 is the Bottoms Product Draw; 8 is the Reboiler
Zone; 9 is the Condensate Return; 10 is the Overhead Purge; 11 is the
Product Stream; 12 is the Condensing and        Refluxing Zone; and 13 is
the Catalyst Bed of the Reaction Zone.                 The method of this
invention comprises the synergistic combination of the steps of
evaporation,        absorption, and reaction to enhance glycol yields from
reactions of epoxides with compounds containing 20   hydroxyl functional
groups. Such a method utilizes either a single effect evaporation column
reactor having        more than one feed of epoxide into the reactor, or it
utilizes a multiple effect evaporation column reactor which,
optionally, has more than one feed of epoxide into the reactor.
More specifically, the "single effect" evaporation column reactor
comprises: a reaction zone for        reacting the epoxide and hydroxyl
compound; a reboiler zone which is located below the reaction zone; a 25
condensing and refluxing zone which is located above the reaction zone; at
least one hydroxyl feed port which is,        preferably, located above or
within the reaction zone; and at least two epoxide feed ports which are
located above        the reboiler zone. Although such zones will more
specifically be defined hereinafter, in a generic sense such        zones
may be described as follows: the reboiler zone contains a reboiler and its
function is to heat and evaporate;        the reaction zone is the zone in
which the desired reactions occur; and the condensing and reflux zone is
where 30   evaporated compositions may be condensed and refluxed as liquid
back into the reactor. For purposes of this       invention, an "effect"
means that the reaction zone, reboiler zone, and condensing and reflux zone
are all in fluid       communication with each other such that the
evaporation, reaction, and absorption of the method of this       invention
occurs.                The "multiple effect" evaporation column reactor
comprises: the above "single effect" evaporation 35   column reactor plus
at least one subsequent effect in series which is in fluid communication
with the first effect.       The "fluid communication" is such that at
least one liquid hydroxyl feed port of the subsequent effect is located
below its reaction zone and such that any excess latent heat and/or heat of
reaction released from the first effect's       condensing and reflux zone
is transferred to the reboiler zone of the subsequent effect. This
"transferring" from
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one effect to a subsequent effect in series may be continued for any
desired number of times, with the final          transfer being for the
purpose of product recovery by transferring the unevaporated hydroxyl
compound, and          glycol dissolved therein, out of the multiple effect
evaporation column reactor. It is also possible to configure the
multiple effect reactor for "fluid communication" in such a way that the
excess latent heat and/or heat of reaction   5   is transferred from one
effect to a subsequent effect in an opposite direction from the direction
in which the         hydroxyl compound is fed.                  The first
step of the method comprises feeding a hydroxyl compound into the reactor.
The hydroxyl         compound may comprise any compound containing a
hydroxyl functional group which is capable of reacting with         an
epoxide moiety to produce a glycol or glycol ether. The hydroxyl compound
should have a boiling point  10   which is higher than that of the epoxide
moiety and lower than that of any glycol products. A preferred hydroxyl
compound is water, but other hydroxyl compounds such as alcohols (for
example methanol, ethanol, projanol,         and butanol) or glycols may
also be useful. For example, if the desired product is a mono-alkylene
glycol, the         preferred hydroxyl compound is water; if the desired
product is a higher-alkylene glycol (for example di- or tri-
alkylene glycol), the preferred hydroxyl compound is the respective
mono-alkylene glycol; and if the desired  15   product is a glycol ether,
the preferred hydroxyl compound is an alcohol. The hydroxyl compound is
provided in        an amount which is in a stoichiometric excess of that
required for forming a desired glycol from reaction with        epoxide.
For example, when using water as the hydroxyl compound, a preferred molar
feed ratio of hydroxyl        compound to epoxide is between a lower limit
of 1.05, preferably 1.2, and more preferably 1.5, to an upper limit
of 20, preferably 10, and more preferably 5. Those of skill in the art will
recognize that this ratio will vary 20   depending upon the hydroxyl and
epoxide compounds employed.                  The hydroxyl compound may be
fed into the reactor at any point within each effect. Generally, because
it is advantageous to have liquid hydroxyl compound flowing downward into
the reaction zone, the hydroxyl        compound is preferably fed as liquid
into the first effect of the reactor at a point above or within the
reaction        zone. This is especially preferred in a single effect
evaporation column reactor and for the first effect of a 25   multiple
effect reactor. In such a single effect, as depicted in "Figure 2", the
Hydroxyl Compound Feed 1 is        supplied through a feed port in the
Enriching Section 4 of the Reaction Zone 5 and allowed to flow further into
the Reaction Zone 5 via gravitational forces. The liquid may also be
combined with liquid hydroxyl compound        being generated from the
effect's condensing and reflux zone. In contrast to the single effect
reactor, the        subsequent effects in the multiple effect reactor may
have liquid hydroxyl compound (typically containing glycol 30   product)
transferred to a point below the reaction zone, wherein the liquid hydroxyl
compound is evaporated,        condensed, and refluxed back down through
the reaction zone, providing a feed of hydroxyl compound into the
reaction zone.                The second step of the method comprises
feeding an epoxide into the reactor such that the epoxide       compound is
contacted with the hydroxyl compound in the reaction zone under conditions
such that substantially 35   all of the epoxide reacts to form a product
comprising a glycol. Those of skill in the art will recognize that once
the hydroxyl compound is fed into the reactor, the hydroxyl compound the
hydroxyl compound will be present in       both gas and liquid phases
depending upon temperature and pressure within the reactor. For example,
within the       reaction zone, the hydroxyl compound is present in a state
of dynamic equilibrium wherein it is in both liquid and
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gaseous phases. Whether the hydroxyl compound is in a liquid or a gaseous
state is not important as long as         substantially all of the epoxide
is reacted to form the desired product comprising a glycol under the
conditions          provided in the evaporation column reactor.
The epoxide may be any alkylene oxide as long as its reaction with a
hydroxyl compound yields the  5    desired glycol. Preferably, the epoxide
is either ethylene oxide, propylene oxide, or butylene oxide. It is
important that conditions are provided such that substantially all of the
epoxide reacts to form a product        comprising a glycol. By
"substantially" it is meant that greater than at least 99% of the epoxide
feed is reacted.        It is believed that if the reaction of the epoxide
is not substantially complete, epoxide will escape to the        condenser
and the condensing temperature will be lowered or it will escape to the
reboiler zone and react with the 10   glycol product. In order to further
ensure that epoxide does not escape out of the reaction zone, it is
preferred to        include a stripping section in between the reaction
zone and any point to which product and/or hydroxyl        compound is
transferred. For example, within the reaction zone, at an interface
directly adjacent to the reboiler        zone, a "stripping section" may be
included in order to inhibit transfer of epoxide into the reboiler zone by
providing for fractionation and distillation of epoxide out of the liquid
phase. Within the reaction zone, at an 15   interface directly adjacent to
the condensing and reflux zone, a similar "enriching section" may be
included in        order to strip undesirable components (for example,
glycol products and/or unreacted epoxide), resulting in an
enrichment (that is, concentration) of the hydroxyl compound before its
entry into the condensing and refluxing        zone. The stripping section
and enriching section typically consist of packing materials or trays, as
are known by        those of skill in the art, wherein such materials are
substantially unreactive to the reactants and products which 20    are
present in the reactor under the conditions and components for which the
reactor is operated. Generally, it is        desirable that such packings
provide high surface area. For example, inert packings such as glass and
ceramic,        balls, irregular pieces, sheets, tubes, rings (for example,
Raschig rings), saddles (for example, Berl saddles and        INTALOX[err]
Saddles), and FLEXIPAK[err] Packing may all be useful.                 It
is particularly advantageous in the method of this invention to split the
epoxide feed so that it enters 25   the reactor through at least two
distinct ports within the reactor. For example, Figures 1, 2, and 3 each
depict the        use of three Epoxide Compound Feeds 2 in at least one
effect. Although the total quantity of epoxide is generally
equivalent to as if provided in a single feed stream, it has been
discovered that separating the feed into more than        one feed
typically results in a higher selectivity to the desired glycol. If only a
single feed of epoxide is used, the        reaction zone behaves as a well
mixed zone and the concentration of glycol which competes with water to
react 30    with the epoxide is constant near the epoxide feed port. This
results in a lower monoglycol yields (as compared        to multiple
epoxide feeds) unless uneconomical excesses of hydroxyl compound are
evaporated up through the        reaction zone. If, however, the epoxide is
split into multiple injection ports at different points along the reaction
zone, the glycol product concentrates as it flows down the column. It is
most preferred that the epoxide feed        ports are spaced apart from
each other such that substantially all of each feed port's epoxide compound
has 35   reacted in the vicinity of its feed port and is not transferred
into the stream of epoxide entering at any other        epoxide compound
feed port. At similar boil-up ratios, the concentration reaches a level
similar to the single        feed system near the bottom of the reaction
zone. However, since much of the epoxide is fed and reacts in a zone
that has a lower concentration of glycol present, the selectivity increases
from the bottom to the top of the                  4
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In one embodiment of this invention, the reaction zone comprises a catalyst
bed. The catalyst bed may        comprise any material capable of
catalyzing the desired reaction in the evaporation column reactor reaction
zone.  5    It should be of such a nature as to allow a vapor flow of
hydroxyl compound through the bed, yet provide a        sufficient surface
area for catalytic contact. The catalytic material can be a solid, liquid,
or gas, as long as the        catalytic material is not transferred into
the reboiler zone. For example, the catalytic material could be a liquid or
gas phase component such that its boiling point keeps it out of the
reboiler zone. Examples include moieties of        ammonia, hydrochloric
acid, alkyl amines and carbon dioxide. Preferably, the catalytic material
utilized in the 10    catalyst bed reaction zone is a solid which is
insoluble in either the reactants or the glycol products and is
mechanically stable under the conditions in the process. For example, it
may be a solid acid catalyst or a solid        base catalyst or others such
as catalytic metals and their oxides or halides suitable for a multitude of
catalytic        reactions and heterogeneous with the reaction or other
components in the system. Depending upon the catalytic        material
utilized (for example, solid), the catalytic material may also serve an
additional role in that the material 15    may act as a stripping site
encouraging the fractionation of glycol product from the hydroxyl compound.
As        described previously, the reaction zone also may contain distinct
stripping/enriching sections for inhibiting the        flow of epoxide to
the reboiler or glycol products into the condensing and refluxing zone.
Representative examples of the numerous acid catalysts that may be useful
in the hydration of alkylene        oxides include the following (the
relevant teachings of which are incorporated herein by reference):
fluorinated 20    alkyl sulfonic acid ion exchange resins (U.S. Pat.
No.4,165,440); carboxylic acids and halogen acids (U.S. Pat.        No.
4,112,054); strong acid cation exchange resins (U.S. Pat. No. 4,107,221);
aliphatic mono- and/or        polycarboxylic acids (U.S. Pat. No.
3,933,923); cationic exchange resins (U.S. Pat. No. 3,062,889); acidic
zeolites (U.S. Pat. No. 3,028,434); sulfur dioxide (U.S. Pat. No.
2,807,651); trihalogen acetic acids (U.S. Pat.        No. 2,472,417); and
copper-promoted aluminum phosphate (U.S. Pat. No. 4,014,945). Specific
examples of 25    desirable heterogeneous catalysts are aluminosilicate
zeolites, amorphous aluminosilicates, and acid form ion        exchange
resins. A preferred catalyst is a perfluorosulfonic acid resin entrapped
within and dispersed throughout        a carrier of metal oxide.
Preferably, the metal oxide is selected from the group consisting
essentially of silica,        alumina, titania, germania, zirconia,
alumino-silicate, zirconyl-silicate, chromic oxide and iron oxide. Such
types        of catalysts are described in U.S. Patent No. 4,731,263 and
PCT Publication No. WO 95/19222 (both of which 30    are incorporated
herein by reference).                 In one preferred embodiment of this
invention, a multiple effect evaporation column reactor is utilized
wherein the reaction zone of each subsequent effect contains a catalyst of
higher catalytic activity than the        previous effect's reaction zone.
This is particularly advantageous because it is observed that, in one
embodiment        of this invention, reactivity to a desired monoglycol is
highest in the first effect and progressively less in  35    subsequent
effects due to a typically progressive decrease in temperature in each
subsequent effect. In order to        increase the reactivity in the
subsequent columns to maintain equivalent productivity, catalyst beds are
provided        in sufficient activity to provide an acceptable selectivity
to the desired glycols. To illustrate, in Figure 3 the first
column's Reaction Zone 5 might have no catalytic material present in the
Reaction Zone 5, but the second                 WO 98/14419
PCT/US97/17936            column might have a catalyst bed, and the final
column's Reaction Zone 5 might have a catalyst bed of higher
catalytic activity than the second column.                 In addition, a
graded catalytic bed may be used as an alternative to using multiple
epoxide feeds        (described above). In a "graded catalytic bed"
catalyst of higher activity/reactivity is positioned more towards  5   the
top of the reaction zone and that of lesser activity towards the bottom of
the reaction zone. The epoxide feed 



port is then located towards the bottom of the reaction zone. Once the
epoxide is fed into the bottom of the        reaction zone, the increased
catalyst reactivity towards the top of the reaction zone can therefore
compensate for        the typical decrease in epoxide concentration at
greater distances from the epoxide feed port. This enables the
reaction zone to give substantially equal reactivity across its height and
produce a reasonably constant amount of 10   glycol. The glycol may then be
concentrated and carried down and out of the reaction zone toward the
reboiler        zone.                 The next step of the method comprises
removing the mixture of liquid hydroxyl compound and        dissolved
glycol away from the reaction zone. By "dissolved glycol" it is meant that
the glycol product is a        component which is generally in mixture,
solution, or contained within any unreacted liquid hydroxyl compound. 15
In one embodiment of the invention, such removal may be attained merely by
allowing the liquid hydroxy]        compound to trickle down out of the
reaction zone via the forces of gravity. Once the mixture is removed from
the reaction zone, the glycols are allowed to concentrate in the reboiler
zone, resulting in very low concentrations        of glycols in the
reaction zone. This maximizes the hydroxyl compound to product glycol ratio
in the reaction        zone and provides an environment for maximum
selectivity to the desired product glycol. The product glycols, 20   often
in mixture with hydroxyl compound, may then be removed from the bottoms in
order to recover the product        and inhibit any further reaction of the
glycol product (for example, reaction of mono-glycol product to higher
glycols).                The mixture of liquid hydroxyl compound and
dissolved glycol may be heated such that at least some of       the
hydroxyl compound is evaporated away from the glycol. Such heating may take
place in the reboiler zone. 25   When the hydroxyl compound evaporates, it
is transferred up through the evaporation column through the       reaction
zone as vapor, and is eventually condensed and refluxed back to the
reaction zone, typically under the       influence of gravity, as liquid
hydroxyl compound. When the hydroxyl compound is evaporated and transferred
to and through the reaction zone, it is also useful for carrying epoxide
compound up to and into the reaction zone.       The reboiler zone is a
heat source for the effect and typically comprises a volume of space below
the reaction 30   zone wherein epoxide compound is not present and includes
a heat exchanger, a receptacle for containing liquids       as they flow
down the effect, and a circulation system. Heat exchangers are well
understood by those of skill in       the art and typically comprise a "hot
side" (often referred to as "shell side") for transferring fluid of higher
temperature, and a "cold side" (often referred to as "tube side") for
transferring fluid of lower temperature,       wherein the sides are such
that there is no exchange of compositional matter between either of the
sides, only 35   heat. Therefore, the heat exchanger is useful for
absorbing heat through the "hot side" from another effect's
condensing and refluxing zone and transferring the heat into the "cold
side" of the heat exchanger. In addition,       the reboiler zone must be
equipped for transferring liquids (see, for example, Figures 2 and 3
"Bottoms Product       Draw" 7) out of the effect, and preferably for the
reboiler zones of subsequent effects to be equipped so that
WO 98/14419
PCT/US97/17936             liquids (for example, the previous effect's
"Bottoms Product Draw" 7) may also be transferred into the reboiler
zone. The circulation system of the reboiler zone is useful for this
purpose and also for circulating the liquid          hydroxyl compound
through the cold side of the heat exchanger and back into the receptacle.
An example of a          circulation system is either a thermal siphon or a
recirculating pump.   5             Depending upon the evaporation column
reactor setup utilized (for example, single or multiple effect),
the condensing and refluxing zone may comprise a traditional condenser as
understood by those of skill in the         art, or it may comprise a pair
of transfer lines which are located between the reaction zone of one effect
and the         hot side of the heat exchanger of another effect of the
multiple effect evaporation column reactor. Such transfer         lines may
simply consist of, for example, a piping network which circulates
distillate (for example, evaporated 



10   hydroxyl compound) from the top of one effect (that is, above the
reaction zone), through a distillate transfer line,         to the heat
exchanger of a subsequent effect, through the hot side of the heat
exchanger, and returns condensate         (for example, liquid hydroxyl
compound) to the previous effect through a condensate transfer line. For
example,         in Figure's 2 and 3, Distillate 3 (that is, comprising
evaporated hydroxyl compound) exits the top of the first         effect, is
circulated via the transfer line to a hot side of a heat exchanger in the
Reboiler zone 8 of the second  15   effect, and liquid hydroxyl compound is
returned as "Condensate Return" 9 via another transfer line. The cold
side of the heat exchanger in the second effect's reboiler zone captures
the excess latent heat plus the heat of        reaction from the first
effect and allows the evaporated hydroxyl compound to condense and be
returned to the        first effect as liquid. By condensing in such a way,
the excess latent heat and heat of reaction from the previous
evaporation column may be utilized beneficially in the subsequent effect's
reboiler zone. Typically, in such a 20   multiple effect setup, the final
effect may utilize a traditional condensor positioned at the top of the
last effect,        above the reaction zone, for condensing and refluxing
the evaporated hydroxyl compound.                 In light of the
disclosure herein, those of skill in the art will recognize that when the
condensing and        refluxing zone is located between two separate
effects it is not critical as to which effects are linked in this
manner. For example, in one preferred embodiment, the heat is transferred
to the same subsequent effect for 25    which the unevaporated hydroxyl
compound, and glycol dissolved therein (for example, the "Bottoms Product
Draw" 7, of Figure 3), such that the heat from the previous effect's
distillate and the unevaporated hydroxyl        compound move in a
co-current direction (see, for example, Figure 3). In another embodiment,
the heat from the        previous effect's distillate is transferred to a
different effect than the unevaporated hydroxyl compound, and        glycol
dissolved therein, such that the heat and the unevaporated hydroxyl
compound move in a counter-current 30   direction.                  Once
the hydroxyl compound is condensed, it may either be used exclusively as
the liquid hydroxyl feed       stream, or it may be combined with a new
feed of hydroxyl compound. For example, in Figure 3, the Condensate
Return 9 is combined with the Hydroxyl Compound Feed 1 of the first effect
for reaction in the first effect's       reaction zone with the Epoxide
Compound 2. However, in the second effect of Figure 3, there is no separate
35   liquid hydroxyl feed above the reaction zone and therefore the
Condensate Return 9 is not combined with a new       feed of hydroxyl
compound. The only hydroxyl compound for which the condensate is combined
in the second       effect is the evaporated hydroxyl compound which is
being produced in the reboiler zone. In light of the                 WO
98/14419
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art will recognize that a fresh feed of hydroxyl compound could
also be added above, or within, the reaction zone of the subsequent effects
if so desired.                 When a multiple effect evaporation reactor
is utilized, unevaporated hydroxyl compound, and glycol        product
dissolved therein, is transferred to a subsequent evaporation column effect
at a point below the reaction  5    zone of the subsequent effect such that
it becomes the hydroxyl compound feed of the subsequent effect. Since
the hydroxyl compound being transferred contains glycol product, it is
important that this hydroxyl feed is fed to        a point below the
subsequent effect's reaction zone to minimize its contact with epoxide
compound that will be        fed to the effect. Otherwise, the glycol
product may further react to form higher glycols. Such a transferring may
be continued for any desired number of times with the final transfer being
for the purpose of product recovery by 10   transferring the unevaporated
hydroxyl compound, and glycol dissolved therein, out of the multiple effect
evaporation column reactor. In order to evaporate the "unevaporated
hydroxyl compound" once it has been        transferred to the subsequent
effect's reboiler zone, it is preferred that each subsequent effect of the
multiple        effect evaporation column reactor be maintained at a lower
pressure than the pressure of the previous effect of the 



multiple effect evaporation column reactor. This maintenance of pressure in
each effect may be accomplished by 15   any means known by those of skill
in the art such as an overheads purge on each effect that allows the
pressure to        be maintained at the desired pressure. It is also
possible to evaporate the "unevaporated hydroxyl compound" in        the
subsequent effect by maintaining the temperature of each subsequent
effect's reboiler zones at progressively        higher temperatures.
It has been discovered that a synergistic effect results when such a
multiple effect reactor system is 20    utilized. In the manufacture of
ethylene glycol from ethylene oxide and water, it is preferred to use a
train of        three effects. One result of such a multiple effect reactor
system is that the latent heat and heat of reaction of the
evaporated hydroxyl compound may be used over in multiple effects in order
to provide energy efficiency in the        reactor system. The success of
the evaporation column reactor system may be attributed to several factors.
For        example, because the reaction is occurring concurrently with
evaporation, the initial reaction product, glycol, is 25   removed from the
reaction zone nearly as quickly as it is formed. This removal of the glycol
minimizes       decomposition or further reactions to undesired byproducts.
Further, because the hydroxyl compound is boiling,       the temperature of
the reaction is controlled by the boiling point of the hydroxyl compound at
the system       pressure. The heat of reaction simply creates more boil up
which benefits reaction selectivity, but no increase in       temperature.
30             The invention will be further clarified by a consideration
of the following examples, which are intended       to be purely exemplary
of the use of the invention.         Examples                For each of
the following examples, a continuous reaction system was constructed of
PYREX[err]. It 35    consisted of a 1000 milliliter (mL), three-neck,
round-bottom flask for a reboiler. The reboiler was heated by a
heating mantle. To the reboiler, a 36 inch long by one inch diameter column
was attached to the middle neck.       The column was packed with eight
inches of inert 1/4 inch Berl saddles to form a stripping section in the
reaction                 WO 98/14419
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resin catalyst above the stripping section. The catalyst was
prepared by depositing perfluorosulfonic acid polymer onto 1/4 inch
diameter hollow cylinders of silicon carbide         according to the
teachings of U.S. Patent No. 4,731,263 (incorporated herein by reference)
to form a solid acid         catalyst with 15 wt% perfluorosulfonic acid.
About four inches of 1/4 inch Berl saddles were then added to the  5   top
of the catalyst within the column to act as an enriching section. A one
sixteenth inch feed port was added to        the column ten inches above
the reboiler and just below the top of the stripping section Berl saddle
packing. To        the top of the column, a condenser was attached. The
condenser was cooled by a chilled coolant which was        continuously
circulated through it at 4 [err]C. Condensate fell by gravity directly onto
the top of the reaction zone.        The reboiler was operated at a
pressure of about 2.7 Kpa (gauge) and achieved a temperature of 100 [err]C.
10          In each of the examples, the reaction products were analyzed by
gas chromatography and quantified for        ethylene glycol, diethylene
and higher glycols, and water.         EXAMPLE 1                To the
reboiler described above, 651.45 grams (g) of water was added. The water
was heated to boiling        and allowed to evaporate up the column through
the inert packing and catalyst and up into the condenser. The 15
condenser was allowed to operate at total reflux, and after a steady stream
of condensate began returning to the        column, the ethylene oxide (EO)
feed pump was turned on. The feed rate of EO was 10 g/hour. The boil up of 



water was determined to be 240 g/hour. The conversion of EO was determined
to be 35% and the selectivity to        ethylene glycol was 94%.
EXAMPLE 2 20             To the reboiler described above, 547.5 g of water
was added. The water was heated to boiling and        allowed to evaporate
up the column through the inert packing and catalyst and up into the
condenser. The        condenser was allowed to operate at total reflux, and
after a steady stream of condensate began returning to the        column,
the EO feed pump was turned on. The feed rate of EO was 10 g/hour. The boil
up of water was        determined to be 180 g/hour. The conversion of EO
was determined to be 41% and the selectivity to ethylene 25   glycol was
93%.        EXAMPLE 3                To the catalyst section in the
reaction zone in the column described above, an additional 6 inches of the
catalyst was added which provided a catalyst section in the reaction zone
that was 21 inches high. To the reboiler       described above, 651.45 g of
water was added. The water was heated to boiling and allowed to evaporate
up the 30   column through the inert packing and catalyst and up into the
condenser. The condenser was allowed to operate       at total reflux, and
after a steady stream of condensate began returning to the column, the EO
feed pump was       turned on. The feed rate of EO was 14.8 g/hour. The
boil up of water was determined to be 300 g/hour. The       conversion of
EO was determined to be 56% and the selectivity to ethylene glycol was 93%.
EXAMPLE 4 (multiple-effect evaporation column reactor) 35             As an
example of a triple-effect evaporation column reactor having single epoxide
feed ports in each       effect, two more columns may be added in series to
the column described for Examples 1-3, above, wherein the
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column of a triple effect reactor. Each column is identical to the
column described above except that the top of the first column is connected
to a transfer line for circulating         distillate from the top of the
first column around a heat exchanger of the second column and back up into
the first         column as condensate return. A similar transfer line is
connected between the second and the third column. All  5   the columns are
connected in series such that the bottoms product draw from the first
column is transferred to the        second column, and the bottoms product
draw from the second column is transferred to the third column. Each
column is equipped with an overhead purge for controlling each columns
pressure. The first column's reboiler is        operated at a gauge
pressure of between 0.5 MPa to 2.0 MPa and a temperature of between 140
[err]C to 200 [err]C.        The second column's reboiler is operated at a
pressure of between 0.2 MPa to 1.0 MPa and a temperature of 10   between
120[err]C to 160[err]C. The third column's reboiler is operated at a
pressure of between 0.05 MPa to 0.2         MPa and a temperature of
between 80[err]C to 120[err]C.                 To the reboiler described
above of the first column, between 250 to 750 g of water is added. The
water        is heated to boiling and allowed to evaporate up the column
through the inert packing and catalyst and up into        and through the
transfer line. After a steady stream of condensate begins to return to the
column, the EO feed 15   pump is turned on. The feed rate of EO is between
10 g/hour and 30 g/hour. As water and glycol product begins        to
accumulate in the reboiler of the first effect the unevaporated water and
glycol product is drawn out by means 



of a transfer pump or pressure letdown valve and transferred to the
reboiler of the second column. A similar        process is conducted for
the second column, as with the first, and the unevaporated water and glycol
product        from the second effect is transferred to the third effect.
As water is evaporated up the third column it reacts with 20   the EO feed
and water and glycol product begins to accumulate in the reboiler of the
third effect. Unreacted        water vapor is condensed in the condenser
and returned to the reaction zone as liquid for further reactions with
the EO feed. In such a triple effect evaporation reactor, it is calculated
that 1.6 pounds of steam will be required        per pound of ethylene
glycol produced at a boilup weight ratio of 8:1 (water to ethylene oxide).
EXAMPLE 5 (multiple epoxide feed ports) 25             As an example of a
single-effect evaporation column reactor having multiple epoxide feed
ports, a       manufacturing-scale simulation was conducted based upon
measured kinetics and a reactor diameter of 16.1 feet       (4.91 meters)
having a total of 30 sieve trays, with Tray 30 being the reboiler. The
effect of the multiple feed       ports was examined by conducting
computer-generated runs with the number of epoxide feed ports varying from
1 up to 8. The basic design of the set up was as set forth in "Figure 1",
described herein, but no catalytic material 30   was utilized in the
reaction zone. The total rate of epoxide feed, irrespective of the number
of feed ports, was       kept constant at 50,000 pounds (22,679.6
kilograms) of EO per hour. The EO feed was kept equally distributed
amongst the E0 feed ports being utilized ("active ports"). The feed rate to
inactive ports was zero. The boil-up       to EO feed ratio was held
constant at 10 pounds (4.5 kilograms) of boil-up to 1 pound (0.4 kilograms)
of total EO       feed. To illustrate TABLE 1, "Run 8" shows a total number
of feed ports to be 8. These feed ports are located at 35   Trays 5, 8, 11,
14, 17, 20, 23, and 26. In "Run 8", 80,000 pounds/hour (36,287 kg/hr) of
water was added as the       hydroxyl compound feed. The temperature at the
reboiler was 177[err]C and the temperature at the condenser was
164[err]C. The pressure in the column was set at 100 psig. The boil up of
water in the column was 500,000
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was determined to be 99.99%, and the selectivity to         ethylene glycol
was 90.57%. Therefore, the "% Yield to MEG" was 90.57 for "Run 8". Runs 1
through 7         utilized equivalent parameters as Run 8.             5
TABLE    1             Run # #of Feed Ports         Location of Feed Ports
% Yield to MEG             1       1                26
86.23             2        2                 14, 26
88.64             3        3                8, 17, 26
89.49             4       4                 8, 17, 23, 26
89.91             5       5                 8, 14, 17, 23, 26
90.18             6        6                8, 11, 14, 17, 23, 26
90.35             7       7                 8, 11, 14,17,20, 23, 26
90.48             8        8                5, 8, 11, 14, 17, 20, 23, 26
90.57  



Other embodiments of the invention will be apparent to the skilled in the
art from a consideration of this        specification or practice of the
invention disclosed herein. It is intended that the specification and
example be  10   considered as exemplary only, with the true scope and
spirit of the invention being indicated by the following        claims.
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What is claimed is:          1.     A method for making glycol in an
evaporation column reactor, the method comprising:                 a)
feeding a hydroxyl compound into the reactor;                  b)
feeding an epoxide compound into the reactor such that the epoxide compound
is contacted  5                      with hydroxyl compound in a reaction
zone under conditions such that substantially all of the
epoxide compound reacts to form a product comprising a glycol which is
dissolved in liquid                         hydroxyl compound;
c)     removing the mixture of liquid hydroxyl compound and dissolved
glycol away from the reaction                          zone;  10
d)     heating the mixture of liquid hydroxyl compound and dissolved glycol
such that at least some of                         the hydroxyl compound is
evaporated away from the glycol; and                 e)     condensing and
refluxing the evaporated hydroxyl compound and combining it with the
hydroxyl compound of Step (a);                 wherein the epoxide feed
enters the reactor through at least two distinct ports within the reactor.
15   2.     The method of Claim 1 wherein the evaporation column reactor
comprises: a reaction zone for reacting                the epoxide and
hydroxyl compound; a reboiler zone which is located below the reaction
zone; a                condensing and refluxing zone which is located above
the reaction zone; at least one hydroxyl feed port                which is
located above or within the reaction zone; and at least two epoxide feed
ports which are located                above the reboiler zone; wherein the
reaction zone, reboiler zone, and condensing and reflux zone are all 20
in fluid communication with each other.        3.     The method of Claim 2
further comprising stripping any unreacted epoxide after Step (b) in a
stripping                section, wherein the stripping section is located
within the reaction zone at an interface directly adjacent
to the reboiler zone.  



4.     The method of Claim 3 wherein the stripping section comprises an
inert packing material.  25   5.      The method of Claim 2 wherein the
reaction zone comprises a catalyst bed.        6.     The method of Claim 5
wherein the catalyst bed comprises a catalyst selected from the group
consisting                essentially of aluminosilicate zeolites,
amorphous aluminosilicates, and acid form ion exchange resins.        7.
The method of Claim 5 wherein the catalyst bed comprises perfluorosulfonic
acid resin entrapped within                and dispersed throughout a
carrier of metal oxide.  30   8.      The method of Claim 5 wherein the
catalyst bed comprises a catalytic grade wherein catalyst of highest
activity is placed towards the top of the reaction zone and catalyst of
lesser activity is placed towards the                bottom of the reaction
zone.        9.     The method of Claim 1 wherein the epoxide is ethylene
oxide.                                                             12
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The method of Claim 1 wherein the hydroxyl compound is selected from the
group consisting essentially                of water, alcohol, and moieties
of glycol.         11.    The method of Claim 1 wherein the glycol product
is selected from ethylene glycol, propylene glycol,                and
glycol ether.   5    12.    The method of Claim 2 wherein three epoxide
feed ports are utilized and different amounts of epoxide                are
fed into each epoxide feed port.         13.    The method of Claim 2
further comprising enriching the evaporated hydroxyl compound in an
enriching                section by stripping out any undesired components
wherein the enriching section is located within the                reaction
zone at an interface directly adjacent to the condensing and refluxing
zone.  10   14.    The method of Claim 1 wherein the method is conducted in
at least two sequential effects of the                evaporation column
reactor.         15.    A method for making glycol in a multiple effect
evaporation column reactor, the method comprising:                a)
feeding a hydroxyl compound into the reactor;                 b)
feeding an epoxide into the reactor such that the epoxide compound is
contacted with hydroxyl 15                      compound in a reaction zone
under conditions such that substantially all of the epoxide reacts to
form a product comprising a glycol which is dissolved in liquid hydroxyl
compound;                 c)     removing the mixture of liquid hydroxyl
compound and dissolved glycol away from the reaction
zone; 



d)     heating the mixture of liquid hydroxyl compound and dissolved glycol
such that at least some of 20                      the hydroxyl compound is
evaporated away from the glycol;                 e)     condensing and
refluxing the evaporated hydroxyl compound and combining it with the
hydroxyl compound of Step (a); and                 f)     transferring
unevaporated hydroxyl compound, and glycol dissolved therein, from Step (d)
to a                         subsequent effect of the evaporation column
reactor at a point below the reaction zone of the 25
subsequent effect such that it becomes the feed of the subsequent effect's
Step (a);                 wherein the transferring in Step (f) is continued
for a desired number of times, with the final transfer                being
for the purpose of product recovery by transferring the unevaporated
hydroxyl compound, and                glycol dissolved therein, out of the
multiple effect evaporation column reactor.        16.    The method of
Claim 15 wherein the epoxide feed of Step (b) enters at least one effect of
the multiple 30             effect evaporation column reactor through at
least two distinct ports.        17.    The method of Claim 15 wherein the
mixture of liquid hydroxyl compound and dissolved glycol is
heated by a reboiler in Step (d).                  18.    The method of
Claim 15 wherein each subsequent effect of the multiple effect evaporation
column               reactor is maintained at a lower pressure than the
pressure of its previous effect of the multiple effect
evaporation column reactor.       19.    The method of Claim 15 wherein the
condensing and refluxing in Step (e) occurs in a condensing and 5
refluxing zone which is located between one effect's reaction zone and
another effect's reboiler zone               such that, during condensation
and reflux, heat is transferred from the evaporated hydroxyl compound to
the reboiler zone of the other effect.       20.    The method of Claim 15
wherein each subsequent evaporation column effect in series has a reaction
zone of higher catalytic activity than the previous effect in series.
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