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(54) Title: PROCESS FOR THE CONTINUOUS PRODUCTION OF HIGH PURITY PHENOLIC GLYCOL ETHER
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(57) Abstract: Phenolic glycol ethers, e.g., ethylene glycol phenyl ether, are prepared by a continuous, nonaqueous process com-
prising the steps of (A) contacting under isothermal reactive conditions in a first reactor or reaction zone an alkylene oxide, e.g.,
ethylene oxide, with (i) a stoichiometric molar excess of a phenolic compound, e.g., phenol, and (ii) a catalytic amount of a base, e.g.,
sodium hydroxide, homogeneously dispersed throughout the phenolic compound, to form a first intermediate phenolic glycol ether
& product, (Bj transferring the first intermediate phenolic glycol ether product to a second reactor or reaction zone, and ( C) subjecting
the first intermediate phenolic glycol ether product to adiabatic reactive conditions in the second reactor or reaction zone to form a
second intermediate phenolic glycol ether product comprising phenolic glycol ether, unreacted phenolic compound, catalyst, water
and byproduct glycols. In addition, the mono-/di-product weight ratio can be adjusted by increasing or decreasing the amount of

base catalyst employed.
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PROCESS FOR THE CONTINUGUS PROBUCTION
OF HIGH PURITY PHENOLIC GLYCOL ETHER

CROSS-REFERENCE TO RELATED APTLICATIONS

This application claims the benefit of U.S. Provisional Application Mo, 60/013,108, filed

December 12, 2007, which apphcation is fully incorporated herein by reference,

FIRLD OF THE INVENTION

{EUD Y This invention relates to pheneolic glycol ethers. In one aspect, the invention relates to
a continuous process for the manufacture of phenolic glycol ether while in another aspect, the
invention relates to such a contimious process using a base catalyst homogeneously dispersed in
an excess of & phenolic compound. In yet another aspect, the invention relates 1o a continuous
process for the manufacture of phenolic glycol ether using a combination of isothermal and
adiabatic reactors or reactor zones. In still another aspect, the invention relates to a provess of

adjusting the mono-/di-phenolic glycol ether welight ratio by adjusting the catalyst concentration.

BACKGROUND OF THE INVENTION

G062} The manufactore of phenolic glveol ethers (also know as alkvlene phenelic glyeol
gthers), ez, propylene glyeol pheny! ether (PPh) and/or ethylene giycol phenyl ether (EPh), is
long known and practiced. USSP 2,852,566 teaches a semi-batch process that uses an ion-
exchange resin as a heterogencous catalyst containing guaternary ammonium hydroxide groups,
USPE 3,642,911 describes a batch reaction system for preparing phenoxyethavol using excess
ethylene oxide in presence of urea as catalysi. USP 3,525,773 describes a process similar to that
of USPE 3,642,911 except that its process uses ammonia or an amide as the catalyst.  Other
similar teachings include USP 3,644,534, 3,364,267 and 3,354,227 and US 2004/01 81099,

{H003] {mne common process for making phenolic glycol ether, e.g., PPh and/or EPh, is a
batch process in which propylene oxide (PO)Y and/or ethylene oxide (EQ) is reacted with phenol
in the presence of sodium hydroxide (NaOH) which serves as a catalyst. The oxides are added
contimuously into a mixtare of phenol and NaOH catalyst until the amount of residoal phenol in
the reactor effluent is less than 100 parts per million {ppm). In order to achieve low oxide (less

than (<3 15 ppm BQ and <400 ppm PO)Y concentration in the reactor ¢ffluent, a long residence
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time {e.g., greater than 10 hours) is necessary to complete the oxide conversion and this, in turn,
imparts a low capacity {i.e., a poor production rate) to the process. Moreover, the long residence
time and the oxide 1o phenol weight ratio of slightly {e.g., 5% excess oxide) greater than
emploved to minimize unreacted phenol and oxide is such that a significant amount of higher
homolog products, e.g., dipropyviens glveol phenyl ether, and other impurities are produced,
This, in turn, reguires significant distillation effort o purify the EPh and PPh even if the reactor
effluent is neutralized with an acid, e.g., phosphoric acid, to remove the NaGH catalyst in order
o avoid {urther reaction. In addition, filtration of the resulting salt, ie., sodium phosphate,
requires an infensive operation.

{0604] In those instances in which a significant amount of higher homolog is desired, e.g.,
diethyiene or triethylene glycol phenyl ether, conventional practice is to recyele mono-product to
react further with the oxides to produce the desired higher homolog products (in particular the di-
product). However this lowers the productivity of the process as a larger reactor volume is
needed to accommodate the longer reaction time, or it requiires a larger capital investment s0 as
to allow recycling of mono-products. Moreover, while a simple phenol drying unit may be
sufficient for mono-product production, usually & more intense operation, e.z., two or more
phenol drving units coupled in series, Is necessary {o remove water from phenol recyele in order
io obtain the desired purity in glycol formation,

[B005] Accordingly, of interest to the manufacturers of EPh and PPh iz an alternative
process, ideally a continuous process, that will eliminate the need for catalyst neutralization, salt
filtration, and the long residence {ime while ai the same time improving the selectivity, and
hence quality, of the product.  Also of interest is the ability to affect the mono-/di-product ratio

without having to recycle mono-product.

SUMMARY OF THE INVENTION

{3061 in ong embodiment, the invention is the continuous production of phenolic glyeol
ether by a process comprising the steps of {A) contacting under isothermal reactive conditions in
a first reactor or reaction zone an alkylene oxide, e.g., ethylene or propylene oxide, with (i) a
stoichiometric molar excess of a phenolic compound, e.g., phenol, and (i1} a catalytic amount of
a base, e.g., sodium or potassinm hydroxide, homogeneously dispersed throughout the phenolic
compound, 1o form a first intermediate phenolic giyeo! ether product, (B) transferring the first

intermediate phenolic glycol ether product to a second reactor or reaction zone, and (C)
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subjecting the first intermediate phenolic glycol ether product to adiabatic reactive conditions
the second reactor or yeaction zone to form a second intermediate phenolic glyeol ether product
comprising phenolic glveol ether, unreacted phenolic compound, catalyst, water and byproduct
glycols, Within the first reactor or reaction zone operated under isothermasl reactive conditions, a
majority of the oxide is converted to the first intermediate phenolic glycol ether product. Within
the second reactor or reaction zone operated under adiabatic reactive conditions, the remainder of
the oxide is converted 1o form the second infermediate phenolic glyeol ether product. Other than
the small amount of water used to dissolve the catalyst or that infroduced as an impurity or
generated a3 a byproduct, the process is nonagueous,

{3387} In one embodiment, the inventive process further comprises the step of
(D) transferring the second intermediate phenolic glycol ether product from the second reactor or
reaction zone to a separation station or zone, e.g., a distillation column, at which unreacted
phenolic compound and waler are separated and recovered from the second intermediate
phenolic glyeol ether product to form a recovered phenolic stream comprising unreacted

phenolic compound and water,

£

RUEIRY In one embodiment, the inventive process further comprises the siep of
{¥) transferring the recovered phenolic stream to a drying station, ¢.g., & distillation column
operated at a temperature and pressure that allows for the separation of water (the light key or
component) from the phenel (the heavy key or component). At this station, water is removed
from the recovered phenolic siream to form a recyele phenolic stream comprising unreacted
phenolic compound and catalyst, While not all of the water is removed at this step, enough of
the water is rernoved to prevent water accumulation and this, in furn, roduces the production of
glyeols which are impurities in the phenolic glycol ether product.

19689] in one embodimeni, the inventive process fwther comprises the step of
{F) transferring the recycle phenolic stream {o the first reactor or reaction zone. In one vanation
on this embodiment, the recycle phenolic stream is mixed with fresh phenolic compound andfor
catalyst before it is transferred to the first reactor or reaciion “one,

{(014] In ancther embodiment, the inventive process efficiently produces mono- and di-
phenolic glycol ether products, e.g., di-and/or triethylene glyeol phenyl ether, di- and/or
tripropylene glveol phenyl ether, etc,, over a broad range of mono-/di-product weight ratios and

over a broad range of conditions without recycling the mono-product, ¢.g., ethyvlene or propylene
» i $3 7 L
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glvcol phenyl ether. This is achieved by adjusting the basicity of the rescting sysiem either by
adding or subtraciing basic or acidic homogeneous catalyst sach that 8 high {e.z., >30), low {e.g.,
<1} or middling mono/di weight ratio can be produced. Little or noue basic homogeneous
catalyst {the less basic the reacting system) favors a low mono-/di-product weight ratio, ie., i
produces relatively less mono-product and relatively more di- or higher producet. The more basic
homogeneous catalyst used (the more basic the reacting system), the higher the mono-/di-product
welght ratio, i.e., the less di- or higher product is made relative to the mono-product,

LHIERY! In one embodiment, glycol impurity build up is reduced by removing water from the
phenol recycle stream in & water removal column, The purity of the product is further enhanced
by rémoving the product in the pastenrization section of the second distillation cohmmn to reduce
phenol impurity and/or by feeding the catalyst into the phenol recyele stream before the stream
enters the drying column and purging mono-cthylene glyeol (MEG) and other light impurities
containing phenol stream in the distillate of the second separation columu.,

{6612} The invention eliminates the need for catalyst neutralivation and salt filtration and
this, in turn, provides the option of recycling catalyst and reducing operating costs. Moreover,
the high phenolic compound to oxide ratio that is used in this process provides a higher
selectivity to the desired phenolic glycol ether, e.g., EPh and/or PPh, and this simplifies the
purification process, The invention also climinates the need for mono-product recycle in those

instances o which a lower mono~/di-product weight ratio is desired.

BRIEF DESCRIPTION OF THE DRAWING

10013] Figure 1A is a flow diagram for the manufacture of propylene glycol phenyl ether
employing a relatively small amount of basic homogeneous catalyst and favoring a relatively low
mono-/di-product ratio.

{6014 Figure 1B is a flow diagram for the manufacture of propylene glycol phenyl ether
employing a relatively large amount of basic homogeneous catalyst and favoring a relatively
high mono-/di-product ratio with the option of using g catalyst remnoval or neutralization scheme,
8615} Figure 2 is a graph reporting the reaction progress of the phenol, cthylene oxide and
triffuoroacetic acid catalyst of Exarople 2.

{6816} Figure 3 is a graph reporting the reaction progress of the phenol and ethylene oxide

without a catalyst of Example 3,

4of 18



WO 2009/076275 PCT/US2008/085822

(6017} Figure 4 is a graph reporting the reaction progress of the phenel, ethylene oxide and
sodium hydroxide catalyst of Example 4,

{BO18] Figure S is a graph reporting the reaction progress of the phenol, ethvlens oxide and
sodium hydroxide catalyst of Example 5.

6419 Figure 6 is & graph reporting the reaction progress of the phenol and propylene oxide
without a catalyst of Example 6.

{20} Figare 7 is a graph reporting the reaction progress of the phenol, propylene oxide and
aqueocus sodium hydroxide catalyst of Example 7.

{8621} Figure 8 v a graph reporting the reaction progress of the phenol, propylene oxide and

agueous sedium hydroxide catalyst of Example 8.

DESCRIPTION OQF THE PREVERRER EMBODIMENT

18022} The numerical ranges in this disclosure are approximate, and thus may include values
outside of the range unless ofherwise indicated, Mumerical ranges include all values from and
including the lower and the upper values, in incroments of ong untt, provided that there is a
separation of al least two urits between any lower value and any higher value. As an example, if
a compositional, physical or other property, such as, for example, molecular weight, viscosity,
melt index, efe., 18 from 100 to 1,000, it is intended that all individual values, such as 100, 101,
102, efc,, and sub ranges, such as 100 to 144, 1535 to 170, 197 to 200, etc,, are expressiy
enumerated.  For ranges containing values which are less than one or containing {ractional
numbers greater than one {e.g., 1.1, 1.5, ere), one unit is considered to be 0.0001, 0.001, 0.01 or
(.1, as appropriate.  For ranges containing single digit numbers less than ten {e.g., 1 to 5}, one
unit is typically considered to be 0.1, These are only examples of what s specifically intended,
and all possible combinations of numerical values between the lowest value and the highest
value enumeraled, are o be considered to be expressly stated in this disclosure. Numerical
ranges are provided within this disclosure for, among other things, the relative amount of oxide
{0 phenol, the relative amount of catalyst in the reaction roass, and various temperature and other
process parameters,

16023} “Catalytic amount” means the amount necessary to promote the reaction of a phenolic
compound and an alkylene oxide under reactive conditions to form phenolic glycol ether at a
detectable level, preferably at a commercially acceptable level. If a catalyst is used, then

typtoally, the minimum amount of catalyst is at feast 100 parts per million {ppm).
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{B024] “Homogeneous catalyst” and like {erms means g catalyst that is dispersed, preferably
uniformly, through the phenoclic compound or reaction mass g3 opposed to, for example, a
catalvst bound {0 an jon exchange resin or a {ixed-bed catalyst.

88251 “Basic homogeneous catalyst” and like terms means a homogenous catalyst that in
aqueous solution has a pH greater than 7.

[8626] “Acidic homogeneous catalyst” and like terms means a homogeneous catalyst that in
aqueous solution has a pH of less than 7.

68271 “Isothermal reaciive conditions”, “isothermal reactor”, “isothermal reaction zone”,

“teothermal reaction” and like terms mean reactive conditions in which the femperature is held

o

constant, or the temperature of the reactor or zone is held constant, or a chemical reaction
proceeds to completion at one temperature, Lo, a change in temperature 13 nol neeessary for the
reaction {o continue to completion.

13281 “Adiabatic reactive conditions”, “adisbatic reactor”, “adiabatic reaction zone”,
adiabatic reaction” and like terms mean reactive conditions, or a reactor or zong, or & reachon in
which little, if any, loss or gain of heat from external sources oceurs or is experienced.

jB029] “First intermediaie phenolic glycol ether product™ and like terms means the product
that is produced from the reaction of a phenolic compound with an alkylene oxide in an
isothermal reactor or reaction #zone. This product includes not only phenolic glyeol ether, but
also catalyst, unreacted phenolic compound and alkylene oxide, water and byproducts.

[6G38] “Second intermediate phenolic glyeol ether product” and like ierms means the
product that is produced from the reaction of a phenolic compound with an alliylene exide in an
adiabatic reactor or reaction zone, This product includes all the components of the first
intermediate phenolic glveol ether product but af different compositional ratios, €.z, it contains
more phenolic glveol ether and less unreacted alkylene oxide and phenolic compound.

LUERS: “Reaction mass”, “reacting syster” and Hke dferms means the combination of
materials necessary or ancillary to a reaction, fypically under reactive counditions. Depending
upon the morment in time in which the reaction mass is characterized, 1t will or can countain the
reaciants, catalysi, solveni, products, byproducts, impurities and the like. The typical reaction
mass that forms a part of this invention after the reaction has begun will include unreacted
alkviene oxide and phenolic compound, an alkali metal hydroxide, phenolic glycol ether,

byproduct glycols and water.
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{6032} “Monagueous process” and like terms means in the coniext of this invention that the
reaction mass coniains Httle, it any, water. In the process of this invention, the only water
intentionally introduced into the reaction mass is that necessary o dissolve and assist in the
dispersion of the catalyst.  Any other waler present is either a byproduct of the reaction
chemisiry or as an impurity associated with one of the reactants. The iotal amount of water in
the second intermediate phenclic glveol ether product typically does nol exceed 1 witds,
preferably does not exceed 0.5 wi% and more preferably does not exceed 500 ppm based on the
weight of the second intermediate phenolic ghycol ether product.

{0633} “Contiruonus process” and like ferms means that the process is operated at a steady
state, i.e., the reactants are fed to the reactor or reaction zone at a rate substaniially in balance
with the rate that product is removed from the reactor or reaction zoue such that the reaction
mass in the reactor or rveaction zone is relatively constant in volome and composition.
Continuous process does not include a batch or semi-batch process, the former characterized by a
depletion of reactants and a growth of product over time, and the latter typically characterized by
the unbalanced addition of reactant and removal of product over time,

{3634 Phenols, sometimes called phenolics, are a class of organic compounds consisting of
a hydroxyl group (~OH) atiached to an aromatic hydrocarbon group. The simplest of the clags 15
phenoi {CsHsOH)Y. The phenolic compounds that can be used in the practice of this invention are
typically monovalent and include phenol; phenols having a hydrecarbon substituent such as o-,
m-~ of preresol, o-, m- or prethyiphenol, o-, m-~ or p-t-butviphenol, o-, m~, or p-octylphencl, 2,3~

xvlenol, 2,6-xylencl, 3,4-xvienol, 3-5-xylenol, 2,4-di-t-butyiphenol; phenols having a substituent
group such as an aromatic substiluent or an aromatic ring €.g., o-, - or p-phenylphenol, p-alpha-
cumyliphencl, and 4-phenoxyphenol; phenols having an aldehyde group such as o-, m- or
p-hydroxybenzaldehyde; phenols having a substituent group with an ether linkage such as
guaiacol and guacthol;, phenols having a substituent group such as a hydroxyl group with a
property  inherent 1o  alcohol {hereinafter, called as "alecholic hydroxyl group™) eg.,
phyvdroxyphenethy! aleohol; phenols having a substituent group with an ester linkage such as
p-hydroxy benzoic methyl, p-hyvdroxyphenylacetic acid methyl ester, and heplyl pambem and
phenols having a halogen group such as 2,4, 6-trichiorophenol. Awong these, phenol and cresol

arg preferred. These phenols may be used alone or in any combination with one another.
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{(035] The alkylene oxides {also known as epoxides) that can be used in the practice of thig
inveniion include ethylene oxide, propylene oxide, isobutylene oxide, 1.2-buiviens oxide, 2,3~
butylene oxide, and pentylene oxide, aromatic alkylene oxides such as stviene oxide; and
cyclohexane oxide. These alkylene oxides may be used alone or in any combination with one
another. Among the alkylene oxide compounds, preferred ave aliphatic alkylene oxides having 2
{0 4 carbon atoms such as ethylene oxide, propylene oxide, isobutylene oxide, and 2,3-butyiene
oxide. Although the alkylene oxide is typically added as a liquid, it can be added as & gas.

{836] While the catalyst used in the practice of this invention can be any appropriate acid or
base, ¢.g., a Lewis acid or base, preferably the catalyst is a base, Alkaline materials effective for
catalyst generation include alkall metals, alkali hydroxides and carbonates, alkaline earth metal
hydroxides, tetra-alkyl ammeonium hydroxide and organic bases {¢.g., pyridine, tnimethyl amine
and imidazole). The preferred catalysts are sodium hydroxide and potassium hydroxide. The
catalyst can be added neat, usually dissolved in a small amount of water, or formed in sifu. The
catalyst is used in a homogeneous manner, e, it is dispersed, preferably uniformly, through the
reaction mass. Typically, the catalyst is mixed with the phenolic compound before the phenolic
compound is mixed with the alkyiene oxide.

{3037] In the process of this invention, the phenolic compound, alkylene oxide and catalyst
are contimwously added in any conventional manner to an isothermal reacter or the isothermal
zove of a multizone reactor. The phenolic compound s added in excess refative to the alloylene
oxide and as noted above, the catalyst is often pre-mixed with the phenolic compound, e.g., a5
part of a phenolic reoyele stream, before the alkylene oxide is mixed with the phenolic
compound, etc. The size of the excess amount of phenolic compound can and will vary with the
desired operation of the process and product mwix. Typically the more phenol present, the faster
the reaction proceeds and the fewer by-products are made. However, the more phenol present
also means the more energy required to operate the distillation fowers or other separation
equipent needed io recover and recycle the unreacted phenol from the product. The phenolic
compound is typically present in a stoichiometric molar excess ranging from as little as 0.5% (o
as much as 100% or even 200%.

{0038} The phenelic compound, alivlene oxide and catalyst are contacted with one another
in the isothermal reactor or zone under 1sothermal reactive conditions. These conditions inclnde

g temperature between ambient {e.g., 23°C) and 200°C, preferably between 100°C and 180°C and
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more preferably between 120°C and 170°C, and a pressure between 8,000 and 30,000 millimeters
of mercury at (°C (mmiig, or between 1.067 and 6.667 megal'ascal (mPa)}, preferably between
20,000 and 40,000 mmHg (2.067 and 5.333 mPa) and more preferably between 25,000 and
35,000 mmHg (3.333 and 4.666 mPa), The reaction mass in the isothermal reactor or 2one is
essentially free of water except for that used to dissolve the catalyst or that formed as a
byproduct or intreduced as an impurity, and it is subject to agitation by any conventional means,
e.g., stirring, torbulent flow, ete. The reaction mass is resident in the isothermal reactor or zone
entil a majority of the allivlene oxide is converted thus forming a Arst intermediate phenolic
giveol ether product, and then this product is transferred by any means to an adiabatic reactor or
zone in which essentially all of the remaining alkylenc oxide s converted to form the sccond
intermediate phenolic glycol sther product. The isothermal and adiabatic reaction zones can be
reactors that are separate and distinct from one ancther and simply connected in series, or they
can be zones within a single reactor structure,  For example, the isothermal reactor can be a
coiled reactor consisting of multiple spiral paraliel coils of varying number {e.g., 2-4 coils}
within a boiling bath all contained in a metal shell, The heat of reaction is removed via boiling
water on the shell side of the colls while the reactive process occurs within the coils themselves,
The adiabaiic section can be simply velume designed {whether it is insulated piping or an
insulted process vessel) to provide sufficient residence for complete oxide conversion. The
teraperature of the first reactor zone may be different, and is fypically lower, than the
temperature of the second reactor zone, This temperature difference is typically between 0 and
48, more typically between 0 and 20 and even more typicaily between 0 and 10, °C. Other than
this temperature difference, the adisbatic reactive conditions of the adiabatic reactor or zone are
essentially the same as the isothermal reactive conditions of the isothermal reactor or wone. The
temperature of the first intermediate phenolic glycol ether product typically may be adjusted to
the temperature of the adiabatic reactor or zone by passing through one or more heat exchangers
as it moves from the isothermal reactor or zone to the adiabatic reactor or zone.

10639]  Onc

4}

the conversion of the alkyiene oxide in the adiabatic reactor or reaction zone 1s
complete, the second intermediate phenolic glycol ether product is discharged and subjected o a
purification operation.  Since urnreacied phenolic compound is present in a large excess, ils
recovery and recyele are important fo the economics of the overall process. Accordingly, the

second intermediate phenolic glycol ether product is typically transferred fo a separation station
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or Zone, e.g., a first distillation column, in which the unreacted phenolic compound, catalyst and
water are recovered and the remainder of the second intermediate phenolic glycol ether product
is transferred to one or more additional distillation colurons in which the phenolic glyeol ether is
recovered in high purity, typicaily greater than 95, prefersbly preater than 99 and wmove
preferably greater than 99.5, wi% pure. In the second column {and additional columns if used),
the purified phenolic glycol cther is recovered as a side-draw stroam, and the overhead stream
confaining the remainder of the siream is refurned to the first column fo recover additional
unrecacted phenolic compound not recovered during the first pass.

048] The recovered phenclic compound and residual water stream from the first distillation
column is then typically transferred to a drying station al which it is subjected to a drying
operation. An exarople of a drying station is a multi-stage distitlation column in which water
{(the lighter component) is physically separated from phenol {(the heavier component) by
adjusting the termperature and pressure profile in the column. Fresh phenol and/or catalyst can be
added before the drying column so as o remove sny water present in these materials. The
resulting phenol and catalysi mixture is removed and returned to the reactor sysiem. Other
drying methods that can be used include mole-sieve, desiccant and membrane.

18041} The process of this invention is particularly useful for the production of EPh and/or
PPh from phenol, ethylene and/or propylene oxide, and sodium or potassium hydroxide catalyst.
By use of a large excess of phenel, minimal, if any, water and a homogeneous catalyst, EPh and
PPh are sclectively made with a minimum production of giyeol byproducts.

{60421 One hallmark of this embediment of the present invention is the production w a
continuous, essentially nonaqueous process of high purity phenolic giycol ether. In one
embodiment, additional hallmarks include use of an excess of phenolic compound and a
homogeneous catalyst, and conducting the process first in an isothermal reactor or reaction zone
and then in an adiabatic reactor or reaction zone. In ancther embodiment, additional hallmarks
are the recovery, drying and recycle of unreacted phenolic compound.

{6043 In the embodiment in which the mono-/di-product weight ratio is affected by
adjusting the basicity of the reacting system by adding or subiracting basic or acidic
homogensous caialysi, the amount of catalyst added will vary with the degree to which the
mono-/di-product weight ratio is to be adjusted. The more basic homogeneous catalyst added,

the less di product formed and thus the higher the weight ratic. Typically, the amount of catalyst
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ranges from none to 4,000 ppm.  As the amount of basic homogeneous catalyst approaches 4,000
ppm, the more basic is the reacting system, the more mone-product and the less di-product are
produced, and thus the higher the mono~/di-product weight ratio obtained. As the amount of
catalyst approaches 8, the less basic is the reacting system, the less mono-product and the more
di-product are produced, and thus the lower mono/di weight ratio oblained. The exact mono-/di-
product weight ratic achieved will depend upon a number of different factors in addition to the
amount of basic catalyst in the reaction mass, ¢.g., the composition of alkylene oxide and phenol
and their amounts relative to one another, the temperature and pressure of the reactor and the
residence time of the reaction mass in the reacior, whether isothermal or adiabatic reaction

conditions, or a combination of the two, are used, and the like.

SPECIFIC EMBODIMENT

G044} In the following examples, all amounts are approximate. Minor components, e.g.,
clveols, acetones, acetols, alpha-methyl styrene, aldehydes and the hike are vot reported because
of their low concentration, and their respective amounts vary with the purge rates. Purges are
optional as are certain recyele loops and reagent entry points. Amounts are in weight percent
unless ofherwise noted, and the catalyst concentration can range from none o 4000 parts per
million {ppm), or significanily more than 4000 ppm if a catalyst removal or neutralization
scheme is enaployed.

[B045] Example TA:

{8846} Figure 1A illustrates an example of preparing propylene glyeol phenyi ether (PPh) by
an embodiment of this invention in which a swall amount (0.05 wi%, relative to Example 1B) of
basic homogeneous catalyst {sodium hydroxide) is used. This embodiment favors the production
of less mono-product (L.e., propylene glyeol phenyl ether) and more di-product (dipropyiene
glyeol pheny! ether), and thus a low mono-/di-product weight ratio (58:5 or 11.6) relative fo
Example 1B,

{8047} Propylene oxide (26 wi%), phenol (74 wt%6) and sodium hydroxide catalyst {500 ppm
or 9.05 wi%o) are fed to a first zone of reactor 10 in which they are contacted with one another
under isothermal conditions {150°C and 29,200 mmHg (3,89 mPaj} at the inlet to the first zone} (o
form a first intermediate phenolic glyeol ether product. This first product 15 then transferred
along with unreacted stariing materials and any by-products 10 a second zone of resctor 10 in

0y

which all are subjected to adisbatic reactive conditions (1506-171°C and 29,082 mmHg (3.877
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mPa) at the inlet to the second zone) to form a second Infermediate product. This product leaves
reactor 10 at 171°C and 28,853 mmiyg (3.847 mPa) and a rate of about §,700 pounds per hour.
This second product comprises, among other components, phenol (36 wi%), propylene glyeol

phenyl ether {58 wi%6), dipropylene glveol phenyi ether (5 wit%) and .05 wi% sodium hydroxide

catalyst,
{348} The second product is fed to phenol recovery distillation tower 11, optionally first

mixed with the overhead stream from product recovery tower 12, Phenol is taken overhead from
tower 11, mixed with fresh phenol and fed to phenol drying tower 13 in which water is removed
along with minor amourds of other impurities.  From dryving tower 13, dehydrated phenel is
mixed with fresh propylene oxide and sodium hydroxide catalyst, and looped back to reactor 10
13849] The second product minus the recovered phenol is iaken as a bottom stream from
recovery tower 11 and fed to product recovery tower 12, The second product exiting phenol
recovery tower 11 comprises 90 wi% PPh, & wi% dipropylene glycol phenyl ether and minor
amounts of tri- and tetrapropylene glycol phenyl ether and catalyst, In product recovery tower
12, an overhead stream is recycled back for mixing with the second intermediate product prior to
this second product being fed to phenol recovery tower 11, Mono- (5.6 wi%), di- {77.7 wita),
tri- (116 wi%) and minor amounts of tetra- and quinto-propyvienc glycol pheuyl ether is
recovered as a bottoms siream, and finished product (greater than 99.5 wi% PPh) is recovered as
a side stream.

HHIRTH Example 1H:

{3051 Figure 1B illustrates an exampie of preparing propylene glycol phenyl sther (PPh) by
ant embodiment of this invention in which a large amount (0.2 wi%, relative to Example 1A) of
basic homogeneous catalyst {sodium hydroxide) ts used. This embodiment favors the production
of more mono-product (Le., propylene glyeol phenyl ether) and less di-product {(dipropylene
ghycol phenyl ether), and thus a high mone-/di-product weight ratio (64.2:2.2 or 29.2) relative to
Example 1A

{00521 Propylene oxide {25.8 wi%), phenol (74 wi%) and sodium hydroxide catalyst (0.2
wi%ay are fed to a first zone of reactor 10 in which they are contacted with one another under the
isothermal conditions as reported in Example 1A to form a first intermediate phenchic glycol
ether product.  This first product is then transferred along with unreacted starting materials and

any by-products to a second zone of reactor 16 in which all are subjected to the adiabalic reactive
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conditions as also reported in Example 1A to form a second intermediate product, This product
teaves reactor 10 under essentially the same conditions are reporied in Example 14, This second
product comprises, among other components, phenol (33.4 wt%), propylene glycol phenyl ether
(64.2 wi%), dipropyiene glyveol phenyl ether (2.2 wi%e) and 0.2 wi¥ sodium hydroxide catalyst.
EHARY The second product is fed to phenol recovery distillation tower 11, optionally first
mixed with the overhead stream from product recovery tower 12. Phenol is taken overhead from
tower 11, mixed with fresh phenol and fed to phenol drying tower 13 in which water ts removed
along with minor amounts of other impurities.  From drying tower 13, dehydrated phenol is
mixed with fresh propylene oxide and sodium hydroxide catalyst, and looped back to reactor 18
[3054] The second product minus the recovered phenol is taken as a bottom siream from
recovery tower 11 but duc to its relatively high catalyst content, it is passed through catalyst
removal station 14 before it is fed to product recovery towsr 12, In station 14 the catalyst can be
cither neniralized, e.g., by the addition of an acid such as phosphoric acid, or removed by any
conventional procedure such as evaporation, e.g., boiling tube or rolled or falling film.

[6055] The second product exiting phenol recovery tower 11 comprises 96.3 wi% PPh, 3.1
wi¥% dipropyiene glycol phenyl cther and minor amounts of tri- and tetrapropylene glycol phenyl
ether and catalyst. In product recovery tower 12, an overhead sirearn is recyeled back for mixing
with the second intermediate product prior to this second product being fed to phenol recovery
tower 11, Mono- (42 wi%), di- (38 wit?s), tri- (2 wi%e) and minor amounts of telrapropylene
giyeol phenyl ether is recovered as a bottoms stream, and finished product {greater than 59.5
wis PPhY is recovered as a side stream.

[BU56] Examples 2-8;

{3087} All of the following examples are conducted in a two-liter Parr reactor. In gach
example, the reactor is charged with about 400 grams {g) of phenol, optionally a catalyst, purged
with nitrogen and then warmed to the reaction temperature. The oxide is then charged to the
reactor over 12-42 seconds, and the reaction allowed to proceed for five hours. Samples are
perindically removed and analyzed by gas chromatographic (GC) analysis. The progress of the

reaction is reporied in the Figure that accompanies the example.
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Tabie 1

Reaciants and Reaction Temperature

Ex. | Oxide | Oxide | Catalyst | Cat | R.T.
, g g LG
2 0 BOY 1906 | TFAA' | 2.2 1 160
3 0 BO | 90 | Nome -~ 1 140
4 | EO 91 | s-NaOH | 03 | 160
5 | EQ | 1043 {ag-NaOH' {246 140
6 | PO 11404 None o 170
7 1 PO 1403 | ag-NaGH [ 0.13 1 160
§ | PO | 1417 | ag-NaDH 1 4.68 1 140

'R.T, = Reaction Temperature

*E( = Fthylene Oxide

PO = Propyiene Oxide

‘fTFAA = Trifluorcacetic Acid

*¢-NaOH = Solid Sodium Hydroxide
Saq-INaOH = 50% Aquecus Sodium Hydroxide

Table 2

Product Mix

£x. | Phenol i Moneo- Bi- Fri- Mono-/i-
| {(wit%) Product’ | Product’ | Produet’ | Product
{(wit%} {wt%) (wi%) | Wt Ratio
2 1 658 6.8 9.8 7 0.69
3 67.2 10.5 9.6 S.1 1.09
4 449 50.4 3.5 0.3 14.4
5 37.2 60.7 1.5 0.3 40.47
6 | 594 49 1 167 6.6 0.29
7 1456 1 329 1 136 1 28 1 242
81323 e s 09T 001 TseT

‘Mono-Product — Ethylene Glycol Phenyl Ether for Examples 2-5, and Propylene Glyeol
Phenyl Hther for Examples 6-8.

*Di-Product - Bi-Bthylene Glycol Phenyl Ether for Hxamples 2-5, and Di-Propylene
Glycol Phenyl Bther for Examples 6-8.

*Tri-Product — Tri-Ethylene Glycol Phenyl Ether for Examples 2-5, and Tri-Propylene
Glyeol Phenyl Ether for Examples 6-8.
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{BOSR] Example 2 reports a product mix with a relatively low mone-/di-product ratio formed
under predominately acidic conditions. The rate of DIiEPh formation is second order in EO
concentration. Example 3 reporis that 2 near 1:1 mono-/di-product weight ratio is obtained by
running the reaction without catalyst. Example 4 shows thal predomivantly EPh is generated
under basic conditions, while Example 5 shows that 2 higher mono-/di-product weight ratio s
obtained with a larger charge of base catalyst. Examples 6-8 show that the same relationships
hold for the reaction of phenol with propyiene oxide to make PPh and dipropylene glycol phenyl
ether {BiPPh).  The progress of the reactions of Examples 2-8 are reported in Figures 2-§,
respectively.

(G658 Although the invention has been described in considerable detall by the preceding
specification, this detail is for the purpose of illustration and i3 not to be coustraed as a limitation
upon the [ollowing appended claims. All U8, patents, allowed U.8. patent applications and U.S,

Patent Application Publications are incorporated herein by reference.
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What 1s claimed is:

1. A continuous, nonagueous process for producing phenolic glyeol ether, the
process comprising the steps of (A) contacting under isothermal reactive conditions in a first
reactor or reaction zone an alkylene oxide with (i) a stoichiometric molar excess of a phenolic
compound, and (i) a catalytic amount of a base homogeneously dispersed throughout the
phenolic compound, to form a first intermediate phenolic glyeol ether product, (B} transferring
the first intermediate phenolic glycol ether product 1o a second reactor or reaction zone, and {C)
subjecting the first intermediate phenolic glyeo! ether product to adiabatic reactive conditions in
the second reactor or reaction zone (o form a second intermediate phenolic glyeol ether product

comprising phenolic glveol ether, unreacted phenolic compound, catalyst, water and byproduct

glycols.
2. The process of claim 1 further comprising the step of (D) transferring the second

intermediate phenolic glyeol ether product from the second reactor or reaction zone {0 a
separation station or zone at which unreacted phenolic compound and water are separated and
recovered from the second intermediaie phenolic glycol ether product to form a recovered
phenclic stream comprising unreacted phenolic componnd and water, and a purified second

intermediate phenohic glycol ether producet stream.

~

3, The process of claim 2 further comprising the step of (E} optionally adding fresh
catalyst or phenol to the recovered phenolic stream, and fransferring the stream to a drying
station at which water is removed from the stream to form a recycle phenolic stream comprising

unreacted phenolic compound and, optionally, fresh phenel or catalyst,

4. The process of claim 3 further comprising the step of () transferring the recycle

phenolic stream to the first reactor or reaction rone.

5. The process of any of clabms 1-4 in which the recycle phenolic stream is mixed
with fresh phenolic compound and/or catalyst before the recycle phenolic stream is ransferred to

the first reactor or reaction zone.
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b. The process of any of claims 1-5 in which the phenolic compound is phenol, the
atkylene oxide is at least one of ethylene oxide and propylene oxide, and the catalyst is at least

one of sodivm hydroxide and potassium oxade.

7. The process of any of claims 2-6 in which at least one of the following is
performed: {a) the wweacted phenolic compound and water are separated and recovered from
the second intermediaie phenolic glyeol ether product by distiliation, or (b} water is removed
from the phenolic stream by distillation, or (¢} the purified second intermediate phenolic glycol
ether product siream is transferred to a catalyst removal station in which catalyst is removed

from the stream and neutralized by the addition of an acid.

8. Phenolic glyeel ether prepared by the process of any of claims 1-7.
9. A method for adjusting the mono-/di-alkyl phenolic glycol ether product weight

ratio of a product comprising mono-alkyl phenciic glycol ether and di-alkyl glycol phenolic
ether, the product produced by a process comprising the step of contacting under reactive
conditions at feast one phencl, at least one alkylene oxide and at least one basic homogensous
catalysi, the method comprising the step of increasing the concentration of the catalyst fo
increase the mono-/di-product weight ratio or decreasing the concentration of the catalyst to

decrease the mono~/di-prodact weight ratio,

10 The method of Claim 9 in which the catalyst is a Lewis base, and the basicily of

the reaction mass is adjusted by adding more Lewis base,

7 0f 18
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