VINYL ACETATE PRODUCTION PROCESS

FIELD OF THE INVENTION
[B8¢1]  The invention relales o the preparation of vinyl acetate. More particularly,
the invention relates fo a method for controlling the vinyl acetate production

process by Raman speciroscopy.

BACKGROUND OF THE INVENTION
{66021  Vinyl acelate is commonly produced by the reaction of sthylene, oxygen
and acelic acid in the presence of a palladium-gold catalyst. See, for example,
U8, Pat. No. 3,743,607, Palladium and gold are expensive precious metals.
Therefore, many efforls have been made fo increase the catalytic activity and
reduce the amount of catalyst needed. For example, U.S. Pat. No. 6,022,843
taaches calcining the support impregnated with palladium and gold salts prior fo

reducing the metals. The catalyst shows improved activity.

{66031  The aceioxylation of ethylene to vinyl acetate is commonly performed in a
gas phase, fixed bed tubular reactor.  Vinyl acetate is recovered by condensation
and scrubbing, and purified by distillation. Unreacted ethylene, oxygen and acetic
acid are recovered by distiilation and recycled to the aceloxyiation. In addition fo
vinyl geetate, the geetoxylation produces a number of byproducts, including carbon
dioxide, water, and ethylene giycol diacetate. Carbon dioxide is primarily produced
by the combustion of ethvlene and vinyl acetaie. Carbon dioxide is removed from
the reaction product mixture by distillation and abhsorption with a potassium

carbonate solution.

{0804 U.3. Pat. No. 6,420,595 discloses a method of real time process controd in
a reaction system for the production of vinyl acetate from the oxidation of ethylene
and acetic acid. Reaclion system samples are collected from the reactor vessel
feed and/or effluent and/or from columns and/or transfer lines downstream of the
reactor vessal, and the concentration of one or more components in the sample is

measured by an infrared analyzer. The concentration measurements are then used



to make adjustments in the concentration of componenis in the reaction syslem,
directly or indirectly, such as by adjusting the temperature profile in a particular
cotumn, the flow rate of sclution into or out of a column, or the addition or extraction
of a component to or from the solution. For oplimum process control, the
measurements are transmilted to a control unit for real time analysis, and the

adjusiments are made almost instantly after the infrared analysis.

[8805]  One issue associated with the use of infrared analysis in the mid infrared
range of 400 to 4000 wavenumbers {cm™) to control a vinyl acetate production
process is that the infrared signal cannot be transferred by optical fiber over long
distance so that the measurement can be readily integrated into the control system,
New methods for controlling the vinyl acetate production process arg thus needed.
ideally, the method can directly measure the concentrations of multiple componentis
of the vinyl acstate production process and the measured resulls can be dirgctly

transferred o the control room to conirel the production process.

SUMMARY OF THE INVENTION
[0806] The invention relales to a method for conirolling a vinyl acetate production
process. The method comprises (g) reacting ethylene, acetic acid, and an oxygen-
cortaining gas in the presence of a caialyst in a reactor {o produce vinyl acetale;
(b} withdrawing from the reacltor a gas siream comprising ethylene, acelic acid,
vinyl acetate, waler, and carbon dioxide; (¢} separating the gas stream info an
ethylene stream comprising ethylene and carbon dioxide, and a primary vinyl
acefate product siream comprising vinyl acelate, water, and acetic acid; (d)
separating the ethylene stream into a recovered ethylene siream and a carbon
dioxide siream; (e} separating the primary vinyl acetate product stream inio a vinyl
acetale product stream and a recovered acetic acid siream; (f) recycling the
recovered ethylene stream of siep {d) and the recovered acelic acid siream of step
{2} to the reacior in step {8}, {g) measuring the concentration of a component
involved in or associated with one or more of the above steps by Raman
spectroscopic analysis; and (h) adjusting the conditions in the reactor or in any of

the subsequent steps in response {o the measured concentration of the component



to achieve g proper control of the reaction or any of the subssguent sieps.

DETAILED DESCRIPTION OF THE INVENTION
{08071 The method of the invention comprises reacting ethylene, acelic acid, and
oxygen in the presence of a catalyst. The main reaction is the formation of vinyl

acetate and water:
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{66081 The primary side reaction is the formation of carbon dioxide by the

combustion of ethylene and vinyl acetate:
HQC:CHQ -+ O: o R COZ + Eiz‘:}
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{86097 A number of other byproducts are also produced, including methyl
acetaie, ethyl acstate, ethylene glveol diacetate, acetaldehyde, acrolein, acelons,

polyvinyl acetats, the like, and derivatives thereof.

[6818] The reaction is preferably performed in a gas phass, fixaed bed tubular
reactor using a supported catalyst.  Preferably, the reaction is performed at a
ternperature within the range of 1500C to 2500C, more preferably 1750C o 2000C.
Preferably, the reaction is performed under a pressure within the range of 50 psia

io 150 psia, and more preferably within the range of 70 psia to 140 psia.

{6011 Preferably, the amount of oxygen in the combined feed is within the
range of 5 mol % to 15 mol %, more preferably within the range of 5 mol % 1o 12
mol%. Acetic acid may be introduced into the reactor in liquid form or in vapor
form. Preferably, the amount of acetic acid in the combined feed is within the range
of 16 mol % to 25 mol %. Preferably, the amount of sethylene in the combined feed
is within the range of 65 mol % o 80 mol %. Preferably, sthylene, oxygen and

acetic acid are mixed and the mixiure is then fed info the reactor as a gas.



{6612] Suitable catalysis include those known to the vinyl acetate industry.
FPreferably, the calalyst is a palladium-gold catalyst. Methods for preparing
palladium-gold catalysts are known. For instance, U.S. Pat. No. 6,022,823, the
teachings of which are incorporated hersin by reference, leacheas how 1o prepare a
palladium-gold catalyst which has high aclivity and selectivity. Preferably, the
palladium-gold catalyst is supporied on an inorganic oxide. Preferably, the
inorganic oxide is selectad from the group consisting of alumina, silica, litania, the

lika, and mixturas thereof.

[0813] Preferably, the supporied catalysts have palladium contents from 0.1 wi%
o 3 wi% and gold contents from 0.1 wi% to 3 wi%. More preferably, the catalysis
contain from 0.5 wi% to 1.5 wit% of palladium and from 0.25 wit% to 0.75 wi% of
geld. The weight ratic of palladium to gold is preferably within the range of 5:1 o

1:3 and more preferably within the range of 2.5:1 to 1:1.5.

[8014]  The reaction mixture s withdrawn from the reactor and separated inio an
ethylene stream comprising sthylene and carbon dioxide and a primary vinyl
acetate product stream vinyl acetate, water, and acetic acid.  Preferably, the
separation of the reaction mixiure is performed in an absorber tower. The reaction
mixture flows to an absorber lower wherein vinyl acelale is absorbed by an acelic
acid agueous solution o form the primary vinyl acetate stream, while the ethylene

stream come out of the top of the absorber tower,

[0815]  The ethylene stream may contain acetic acid. Acstic acid is preferably
removed in a scrubber by water washing. The overhead from the scrubberisfed o
a carbon dioxide absorber {o remove carbon dioxide from the ethylene stream. The
carbon dioxide absorber contgins g number of sieve frays where carbon dioxide
reacls with potassium carbonate aqueous solution to form potlassium bicarbonate.
The ethylene stream is fed from the botiom of the absorber and the potassium
hicarbonate is fed from the top of the absorber. The recovered ethylene stream

from the carbon dioxide absorber is recycled to the reactor.

{6616] The primary vinyl acelale siream is separaied into a vinyl acetate product

stream and a recovered acetlic acid stream. The separation is iypically by



distilation. The distillation is typically performed in the so-called primary tower.
The recovered acetic acid stream comes as a botioms stream of the primary fower
and it usually comprises about 80 wi% of acelic acid and about 10 wi% of waler.
The recovered acelic acid skream is optionally recycled to the above-mentionsd
absorber tower or o a so-called acid tower wherein it is optionally mixed with the
recoverad ethylene stream and other feed stocks and the mixture is then fed into
the reactor. The vinyl acetate stream comes as a headstream of the primary tower.
it is subjected to further purifications to produce vinyl acstale product which meetls

the product specifications.

{6171 There are many other sieps or operations associated with the vinyl
acelale production process, see, for instance, U.S. Pal. No. 6,420,595, the

teachings of which are incorporated herein by reference.

[8818] The method of the invention comprises measuring the concentration of a
component involved in or associated with one or more steps of the vinyl acetats
production process by Raman spectroscopic anabysis. Raman speciroscopy is
known, for instance, see U.S. Pat. No. 7,505,127, It is an established analytical
technigue for chemical characterization, quaniification, and identification. Raman
spactroscopy  provides  information on molecular vibrational-rotational  states.
Raman shifts occur when radiation impinges on a molecule causing a change in the
polarizability of the elsctron cloud of that molecule. In Raman, the moleculs is
excited from ground stale to a virtual state and emits a pholon as if relaxes back {0
a different vibrational or rotational state from where it started. Most of the incident
radiation is elastically scaitered (Rayleigh scatier) at the same wavelength as the
source, however a small portion is inelastically scattered. This inglastic scatter is
Raman scatier and includes both Stokes (emitled scatter has less energy than
absorbed photon) and anti-Stokes {gmitled scatier has more energy than absorbed
pholon) scatler. These differences in energy hetween the original state and this
new siate lead to a shift in the emitted photon's frequency away from the excitation
wavelength — this is the Raman shift. Raman spectra are typically shown as plots
of intensity {arbitrary units) versus Raman shift, which is often expressed in

wavenumbers. In  spectroscopy, wavenumbers are expressed as  inverse



centimeters (cm™).

{08191  The instrumentation used to collect and process Raman data is composed
of 3 Raman spectrometer system, a transmitiance system, a control loop, and a
processor. The Raman spectrometer sysiem contains a light source, a filter for
Ravyleigh scatler rejection, a monochromator, and a deteclor.  The light source
provides the excitation radialion that is transmitled through the probs to ths
sampling area. Scattered radiation is collected back through the probe, fillered of
Rayleigh scaller, and dispersed vig a monochromator. The dispersed Raman
scatter is then imaged onio a detector and subsequently processed within the

processor.

{00201 Typically, the light source is a visible laser, such as a frequency-doubled
Nd:YAG laser (532 nmj}, a helium-neon laser (633 nmj, or a solid-state diode laser
{such as 785 nm}. The laser can be pulsed or continuous wave (CW), polarized as
desired or randomiy polarized, and preferably single-mode.  Typical excitation
lasers will have 100 to 400 m\W power (CW), aithough lower or higher power can
be used as desired. Light scurces other than lasers can be used, and wavelengths

and laser typss and paramelers other than those listed above can also be used.

{30231  The excitation radiation can be delivered (o the probe, and the scaltered
radiation coilecied from the probe by any convenient means known in the art, such
as conventional besam manipulation optics or fiber oplic cables generally
designated. For an on-ling process measurement, it is particularly convenient {o
deliver the axcilation radiation and collect the scatiered radiation through fiber oplic
cables. {t is a particular advantage of Raman spectroscopy that the excitation
radiation typically used is readily manipulated fiber optically, and thus the excitation

source can be positioned remotely from the sampling region.

{68221 The scatlered radiation is coliected and dispersed by any convenient
means known in the art, such as a fiber optic probe. The collected scattered
radigtion is filtered o remove Rayieigh scatliering and then frequency {(wavelength)
dispersed using a suitable dispersive element, such as a blazed grating or a

holographic grating, or interferometrically {e.g., using Fourier transforms). The



grating can be fixed or scanning, depending upon the type of detector used. The
monochromator can be any such dispersive element, along with associated filters

and beam manipulation optics.

{36231  The dispersed Raman scaitering is imaged onto a detector.  Typical
deteciors  include array deleclors generally used with fixed-dispersive
monochromators, such as dicde arrays or charge coupled devices {CCDs}, or
single element deteciors generally used with scanning-dispersive monochromators
or FT-hased spectrometers, such as lead sulfide deteciors and indium-gallium-
arsanide detectors. In the case of array detectors, the detector is calibrated such
that the frequency (wavelength) corresponding o each detector element is known,
The defector response is deliverad to the processor that generaies a set of

frequency shifi, intensity (x,y) data points which constitute the Raman spectrum.

[8824]  Many components associated with the vinyl acetate production process
can be measured by Raman speciroscopy. Examples include water, oxygen, vinyl
acefate, aceiic acid, carbon dioxide, ethyiene, sthanol, msthyl aceiate, sthyl
acetate, ethylene glycol diacetate, polyvinyl acelate, acetaldehyde, acetfone,
acrolein, polymerization inhibitor, potassium carbonale, potassium bicarbonats,
potassium acetale, potassium hydroxide, and mixtures thereof. One advantage of
the invention is that the measurement can be performed oniine, because the
scatiered radiation can be readily delivered through the transmitiance system o a

remoie location.

{66231 The method of the invention comprises adjusting the conditions in the
reactor or in any of the subsequent steps in response o the measured
concentration of the component to achieve a proper control of the reaction or any of
the subseqguent steps. The adjusiments may directly or indirectly alier the
conceniration of one or more components in one or more ocations in the vinyl
acetate production process. Direct adjustment may ocour by adding or extracting a
component at a location in the reaction system. Indirect adjustment of component
concentrations may cccur in any number of ways. For example, adjusting the

temperature of a solution or the temperature profile in a column affects component



concenirations. Decreasing or increasing flow rates of streams from one vesssel (o
another affects component concentrations, not just in those vessels, but may aiso
affect concentrations in other vessels throughout the reaction system. There are
many relationships between the different components comprising the solutions in
the different locations of the reaction system, as undersiood by one skilled in the
art, and the adjusiment of one component conceniration at one location in the
reaction system can have an effect on more than one component concentration at

more than one location in the reaction system.

{8626] The following example merely illusirates the invention. Those skilled in
the art will recognize many variations that are within the spirit of the invention and

scope of the claims.

EXAMPLE
{66277 To identify ihe Raman shifts and intensily of each component of each of
the simulated sample types listed in Table 1, a number of experiments (normally 10)
are performed for each sample type in which the concentration of said component
varies while the concentrations of other components remain essentially constant or
under such conditions that the other components will not interfere with the
measurement of said component. These experimentis are performed by preparation
of multi-component siandards in 20 mbL sample vials al room temperaiure and
atmospheric pressure.  The concentralion rangses of each component in each
saimple type, chosen on the basis of maximum and minimum values expected in the
process, are listed in Table 1. This table also lisis the Raman shifts of the

componeants,

[3028] It should be noled that the appropriate Raman shift region used for
quantitatively analyzing a particular component may vary depending on the vessel
or stream in which it is being analyzed, given thatl a particular component may be
more concentrated in one location in the process as compared o its conceniration
at another location and that a particular component’s Raman peak will be interfered

with to varying degrees depending on the sample type. This can be seen in Table 1,



where, for example, water is measured around 1700 o for the acid tower bottoms
type samples and is measured in the 3200-3400 em’”’ region for CO2Z absorber

bottoms type samples and reacior inlet/outlet type samples.

{60297 I should alse be noled that while sethylene is the olefin present in the
fesdsiock o a vinyl acetate reactor, in order {o accommodate coliection of liquid
phase spactra, octene is used as the olefin in these experiments. Those skilled in
the art of Raman spectroscopy will recognize that the Raman shifls associated with
the carbon to carbon double bond and with the C-H linkages will be similar for both

olefins and that the use of octene does not detract from the claims.

[0838] For acid fower boltoms type samples, C0O2 absorber bottoms type
samples and product tower botioms type samples, speciroscopic data ars collected
using a Bruker FRA 106/S5 FT-Raman Spectromsier operating at 1084nm at a
power of 500mW. For each sample, 64 specira are collected and averagsd over
the range 100-3500 e, Each spectrum has an acquisition time of 80 seconds,
and speciral resolution is 4 om’. For reactor inlet/outiet type samples,
speciroscopic data were collected using a Thermo Nicolet Almega-XR dispersive
Raman spectrometer operating at 532nm. For each sampie, 32 specira are
collected and averaged over the range 100-4250 cm”. Each spectrum had an
acquisition time of 1 second, and spectral resolution was 4 cm”.  The results are
listed in Table 1.

[0031]  After collection of Raman spectra associated with the 10 mulii-component
standards for each sample type, eight of these spectra were used to oblain
calibration models using TQ Analyst calibration software from Thermo Scientific.
The component concentrations in those two calibration spectra thal are not
included in the calibration model arg predicied by the modsl and compared lo

actual values, one of which is listed in Table 2.
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Table 1

Compoenents Raman Shifls

Product Tower Bottom

Component

Raman Shift, cm-1

Acetic acid

225, 875

Ethyl acetate

378, 636, 1453, 1783, 2840

Vinyt acetate

1295, 1647, 1757, 3047, 3124

Acid Tower Bottom

Acetic acid 622, 893, 1668
Ethylene glycol diacetate 631, 1738
Water 1703

$0O; Absorber Botioms

KHCO, 1016

K00, 1065

KOAC 927

Water 3255

Reactor inlet/Qutlet

Acstic acid

612, 884, 1419, 1683

Vinyt acetate

457, 1131, 1367, 1641, 17582, 3040, 3120

Octene

428, 1131, 1432, 1631, 2725, 2890

Water

3415
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Table 2

Component concentrations: actual vs. measured

Product Tower Botioms

Component Actual, wt% Measured, wtl
Ethy! acetale 48.5 49.6

Vinyl acetate 48.5 46.7

Acelic acid 3.0 2.8

Acid Tower Botlioms

Acelic geid 87.0 87.1
Ethviene glycol diacetate | 10.0 8.7
Water 3.0 3.3
€O, Absorber Bottoms

KHCO, 10.0 9.5
KoC0; 8.0 9.1
KOAC 4 4.1
Water 77.0 77.3

Reactor inlet/Qutlet

Water 2.8 2.0
Vinyl acelate 19.6 227
Acetic acid 26.6 27.3

Cotene 51.0 51.0
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We Claim:

A method for the production of vinyl acetate, said method comprising:
(@) reacting

() 65 to 80 mol. % of ethylene based on the combined feed,

(i) 10 to 25 mol. % of acetic acid based on the combined feed, and

(iii) 5to 15 mol. % of oxygen based on the combined feed in the presence of a
palladium gold catalyst in areactor to produce vinyl acetate;

(b) withdrawing from the reactor a gas stream comprising ethylene, acetic acid, vinyl

acetate, water, and carbon dioxide;

(c) separating the gas stream into an ethylene stream comprising ethylene and carbon
dioxide, and a primary vinyl acetate product stream comprising vinyl acetate, water,

and acetic acid;

(d) separating the ethylene stream into arecovered ethylene stream and a carbon

dioxide stream;

(e) separating the primary vinyl acetate product stream into avinyl acetate product

stream and a recovered acetic acid stream;

() recycling the recovered ethylene stream of step (d) and the recovered acetic acid
stream of step (e) to the reactor in step (a);

(g) measuring the concentration of a component involved in or associated with one or
more of the above steps by Raman spectroscopic analysis wherein the measuring step
includes the step of identifying the Raman shifts and intensity of the component

involved in or associated with one or more of the above steps; and

(h) adjusting the conditions in the reactor or in any of the subsequent steps in response
to the measured concentration of the component to achieve a proper control of the

reaction or any of the subsequent steps.
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The method of claim 1, wherein the separation of the gas stream in step (c) is performed in an
absorber tower in which vinyl acetate is absorbed by an acetic acid agqueous solution to form

the primary vinyl acetate product stream.

The method of claim 1, wherein the separation of the primary vinyl acetate product stream in

step (e) is performed in aprimary distillation tower.

The method of claim 1, wherein the component measured by Raman spectroscopy is selected
from the group consisting of water, oxygen, vinyl acetate, acetic acid, carbon dioxide,
ethylene, ethanol, methyl acetate, ethyl acetate, glycol diacetate, polyvinyl acetate,
acetaldehyde, acetone, acrolein, polymerization inhibitor, potassium carbonate, potassium

bicarbonate, potassium acetate, potassium hydroxide, and mixtures thereof.

The method of claim 1, wherein the component measured by Raman spectroscopy is selected
from the group consisting of acetic acid, vinyl acetate, carbon dioxide, water, ethylene, and

mixtures thereof.
The method of claim 5, wherein the measurement is performed in the reactor liquid phase.
The method of claim 5, wherein the measurement is performed in the reactor gas phase.

The method of claim 1, wherein the adjusting is accomplished by adding or removing a

component from the reactor, from any subsequent steps, or from both.

The method of clam 1 wherein the adjusting is accomplished by changing a temperature
profilein the reactor, in any of the subsequent steps, or in both.



