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ACETIC ACID PROCESS

CROSS-REFERENCE TO RELATED APPLICATIONS

{0001} This application is filed under the Patent Cooperation Treaty, which claims the benefit
of U.S. Application No. 15/483,681, filed April 10, 2017, which is a continuation-mn-part of U5,
Application No. 15/062,756, filed on March 7, 2016, which claims the benefit of priority to U.S.
Provisional Application No. 62/130,369, filed on March 9, 2015, which are incorporated herein by

reference in their entirety.
FIELD OF THE INVENTION

{6002} The present disclosure relates to an acetic acid preparation process. o some
embodiments, the present disclosure relates to controlling an acetic acid production process by:
{(a) using Raman spectroscopy to measure the concentration of a reference component in a reactor
muixture or a product stream with an uncoated probe; (b) using Raman spectroscopy to measure the
concentration of a reference corponent and at least one other component in a reactor puxture or a
product stream with a coated probe; and (¢) correlating the Raman spectroscopy measurement
obtamed with the uncoated probe with the Raman spectroscopy measuwrements of components

obtained with a coated probe in a reactor mixture or a product stream.
BACKGROUND OF THE INVENTION

[0003]  Acctic acid is commercially produced from methanol and carbon monoxide by
methanol carbonylation in the presence of water. The process may further contain methyl acetate
as a co-feed. As an alternative to methyl acetate, the reaction can take place in the presence of a
mixture of methyi acetate and methanol from byproduct streams of the hydrolysis/methanolysis of
polyvinyl acctate. Vartous techniques can be used to determine the components of the reaction

mixture and to modify the process.

SUMMARY OF THE INVENTION

{3004} In some embodiments, the present disclosure provides a method for measuring the
concentration of one or more components in a reactor or a separation unit of the acetic acid process
by Raman spectroscopic analyses and adjusting the conditions in the reactor or in any subsequent
step of the acetic acid produaction process in response to the measured concentration. In certain
erabodiments of this disclosure, no dependence on any external analytical technique. In addition,

embodiments of this disclosure provide real-time, quantitative determunations of signal decrease.
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{0005} In another embodiment, the present disclosure provides for a method for producing
acetic acid comprising:

{A) reacting, in a carbonylation reactor and the presence of a carbonylation catalyst,

(1) methanol,

(i) carbon monoxide, and
(1)  water,

1o produce a reactor mixture;

(B}  measuring an mitial value for a reference component by Raman spectroscopic
analysis with a probe or flow-through cell in contact with the reactor mixture,
wherein the probe or flow-through cell 1s uncoated;

{(C}  measuring a value for the reference component and measuring the concentration of
one or more components of interest in the reactor mixture by Raman spectroscopic
analysis;

(D}  determining an Adjustment Ratio by dividing the initial value for the reference
component by the value for the reference component;

(E)  calculating an Adjusted Value for the concentration of the component(s) of interest by
multiplving the concentration of the component(s) of interest by the Adpustment
Ratio; and

(F}  modifying at least one process condition in the carbonylation reactor or a separation

unit, based upon the Adjusted Value.

{3006} While multiple embodiments are disclosed, still other embodiments will become
apparent to those skilled in the art from the following detaled description. As will be apparent,
certamn embodiments, as disclosed herein, are capable of meodifications in various obvious aspects,
all without departing from the spirit and scope of the claims as presented herein. Accordingly, the

drawings and detailed description are to be regarded as llustrative in nature and not restrictive.
BRIEF DESCRIPTION OF THE DRAWINGS

{0007} Further details will be apparent from the following detailed description, with reference

to the enclosed drawings, in which:

{0008} FI1G. 1 1s a graph showing time-lapse concentration measurements of methyl iodide in

a methanol carbonvlation process.

[0069]  FIG. 2 is a graph showing time-lapse concentration measurements of methyi acetate in

a methanol carbonyvlation process.

[\
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DETAILED DESCRIPTION OF THE INVENTION

0010} The present disclosure now will be described more fully. However, this technology
may be embodied in many different forms and should not be construed as limited to the
embodiments set forth herein.  As such, it will be apparent to those skilled in the art that the
embodiments may incorporate changes and modifications without departing from the general
scope of the disclosare. It is intended to include all such modifications and alterations in so far as

they come within the scope of the appended claims or the equivalents thereof.

0011} As used i this specification and the claims, the singular forms “a,” “an,” and “the”

include plural referents unless the context clearly dictates otherwise.

06012} As used m this specification and the claims, the terms “comprising,” “containing,” or
“including” mean that at least the named compound, clement, material, particle, method step, efe.,
is present in the composition, the article, or the method, but does not exclude the presence of other
compounds, elements, materials, particles, method steps, efc., even if the other such compounds,
clements, materials, particles, method steps, efe., have the same function as that which 1s named,
unless expressly excluded in the claims. 1t is also to be anderstood that the mention of one or more
method steps does not preclude the presence of additional method steps before or after the

combined recited steps or uervening method steps between those steps expressly identified.

HEURY Moreover, it is also to be understood that the lettering of process steps or ingredients is
a convenient means for identifving discrete activities or ingredients and the recited lettering can

be arranged in any sequence, unless expressly indicated.

{0014} For the purpose of the present description and of the claims which follow, except where
otherwise indicated, all numbers expressing amounts, quantitics, percentages, and so forth, are to
be understood as being modified in all instances by the term “about”. Also, all ranges include any
combination of the maximuum and minimum points disclosed and inclade any intermediate ranges

therein, which may or may not be specifically enomerated herein.

f0015} Some embodiments include the produoction of glacial acetic acid, which is encompassed by
the term "acetic acid” as used herein. (lacial acetic acid typically refers to acetic acid that is
undiluted, generally meaning that the acetic acid has a water concentration of about 0.15 wt% or
less, based on the total weight of acetic acid and water.

{0016} Acetic acid 1s commercially produced from methanol and carbon monoxide by
methanol carbonylation in the presence of water. The process may further contain methyl acetate
as a co-feed. As an alternative to methyl acetate as a co-feed, the reaction can take place in the

presence of a muxture of methyl acetate and methanol from byproduct streams of the
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hydrolysis/methanolvsis of polyvinyl acetate. Additionally, methyl acetate may be generated
during the process. Such carbonvlation processes can use carbonylation catalvst systers based on

{a} rhodium or (b) widium, with or without a catalyst stabilizer or a catalvst promoter.

0017} When the catalyst comprises rhodium, the catalyst can be rhodium metal or a rhodivm
compound. The rhodium compounds can be selected from the group consisting of rhodium salts,
thodium oxides, rhodium acetates, organc-rhodium compounds, coordination compounds of
rhodium and mixtures thereof. Specific examples of rhodivm compounds include Rho(COula,

Rba{COBr2, Rho(COCl, RE(CH3CO2)z, RW{(CH;CO2)s and [HIRWCORL.

0018} When the catalyst 1s based on iridium, the catalyst may comprise iridivm metal or an
iridium compound. The indium compounds can be selected from the group consisting of iridium
salts, iridivm oxades, iridium acetates, inidinm oxalates, iridium acetoacetates, coordmation
compounds of wridium and mixtures thereof. Specific examples of indium compounds include
BCl, Brls, [Brs, Un(COpih, {IHCORCHh, [If(CORBrh, U{COMLIHY, H{(CO)Bn H,
I{CORLIH", [In(CHYBCORTH", Ir(CO, BCL4HL0, rBrdH0, In(CO), In20s, IrOn,
Ir{acac{COY, Ir{acac)s, Ir(Acks, [TesO{CAC)s(H: 01 HOAc] and He[Ir(Cle].

0019} In general, there are two types of catalyst stabilizers. The first type of catalyst stabilizer
is a metal iodide salt such as lithium iodide. The second type of catalyst stabilizer is a non-salt

stabilizer, mcluding pentavalent Group VA oxides such as phosphine oxides,

{0026} An cxample of a catalyst promoter is methyl iodide. Methyl iodide may be added

directly to the process or generated by adding hvdrogen 1odide to the process.

0021} As previously noted, methanol and carbon monoxide are fed to the carbonylation
reactor. It is believed that the methanol does not react directly with the carbon monoxide to form
acetic acid. Instead, it is first converted to methyl acetate by reaction with acetic acid. Methyl
acetate i3 then converted to methyl iodide by the hydrogen iodide present in the acetic reactor.
Methyl iodide is then reacted with carbon monoxide and water to give acetic acid and regencrate

the hydrogen iodide.

0022} The carbonviation reaction can be performed at a temperature within the range of about
150 degrees Celstus (°C) to about 250 °C and under a pressure within the range of about 200 psig

(1380 kPa) to about 2,000 psig (13,800 kPa).

{0023} After the carbonylation reaction, the reaction mixture i3 passed downstream to one or
more separation units. Scparation units may be a vessel or step in an acetic acid process which
separates a feed stream into two or more separate exit streams where the two exit streams differ

from one another in some aspect. The separation can be based on methods such as separation by

4
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physical characteristics {e.g.. density, volatility, boiling point, phase, absorbance, and adsorbance)

and other characteristics used for separating chemical components known to the skilled artisan.

0024} The separation units can include, but are not limited to, a flash tank, a light ends
distillation column, a decanter, a drying column, a heavy ends distillation column and

combinations thereof,

0025} In a flash tank. the acetic acid product stream is withdrawn from the reactor and
separated mto (a) a hiquid fraction contaming the catalyst and the catalvst stabilizer and (b) a vapor
fraction containing the acetic acid product, the reactants, water, methyl iodide, and impurities
generated during the carbonyvlation reaction including acetaldehyde. The liqund fraction can be

recycled to the carbonviation reactor. The vapor fraction is then passed to a distillation column.

{06026} In a light ends distillation colummn, the vapor fraction is separated based upon boiling
pomt into at least (a} an overhead fraction containing methyl iodide, water, methanol, methyl
acetate, acetic acid, alkanes and acctaldehyde and (b} an acetic acid stream containing acetic acid,

water, hydrogen 1odide and heavy impurities such as propionic acid.

00271 in a decanter, the overhead fraction is condensed and separated by density to (&) a
lighter aqueous phase and (b) a heavier organic phase. The lighter aqueous phase can contain one
or more of water, acetic acid, methyl acetate, methvl iodide, acetaldehyde and alkanes and have a
density of about 1.0 grams per cubic centimeter to about 1.10 grams per cubic centimeter, Like
the lighter agueous phase, the heavier organic phase can contain water, acetic acid, methyl acetate,
methyl iodide, acetaldebvde and alkanes; the organic phase may fwther comprise higher
concentrations of methyl iodide and alkanes. The heavier organic phase can have a density of
about 1.4 grams per cubic centimeter to about 2.2 grams per cubic centimeter. The lighter agueous

phase can be recycled to the reactor or to the light ends distillation colunn.

{0028} In a drying column, the residual water is removed from the acetic acid stream. Ina

heavy ends distillation column, the heavy impuritics are removed from the acetic acid stream.

0029} In some embodiments, a method for measuring the various acetic acid stream
components is performed using Raman spectroscopy method such as an online Raman
spectroscopy method. A Raman probe can be inserted directly into the reactor solution or mayv be
inserted mto a reactor slipstream. In the case of a slipstream, continuous flow can be emploved,
and the reactor solution can be returned to the reaction system. Instead of a probe, a flow through
cell equipped with windows may also be used to monitor a slipstream. The use of a back pressure

regulator or similar device can prevent a pressure drop across the cells, thereby ensuring analyses
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are performed with minimal change from the reactor pressure and there is no degassing or bubble

formation in the cells.

0036} The temperatare of the slipstream can be maintained anywhere between ambient and
process temperature, for instance about 150 °C, about 175 °C and about 200 °C. Selection of the
temperature depends on several parameters, such as precipitation of solids, compatibility of the
cell window or crvatal materials with process conditions and controlling the process reaction in

the slipstrean.

{0031} All wbing, valving and the like contacting the reaction solution must be chemically
inert to the reaction components and be capable of withstanding corrosive attack under the reaction
conditions. Suitable manufacturing materials for use in the tubes, valves, and similar equipment
include HASTELLOY™ B2 Ni—Mo—Fe alloy, HASTELLOY™ B3 Ni—Mo—Fe alloy and

ZITCORTRIN.

{0032} A method for measuring the various components in the reactor mixture is online Raman
spectroscopy. This Raman method provides measurements that can be used to adjust the reaction
system. A Raman shift occurs when light impinges upon a molecule and interacts with the electron
cloud and the bonds of that molecule. It is believed that a photon excites the molecule from the
ground state to a virtual encrgy state and that when the molecule relaxcs, the molecule emits a
photon and returns to a different rotational or vibrational state. The difference in energy between
the original state and the new state leads to a shift in the enntted photon's frequency away from the
cxcitation wavelength., Raman spectra can be shown as plots of signal strength or peak intensity
{arbitrary units} versus Raman shift. Raman shifis can be expressed in wavenumbers, which have

units of inverse length such as inverse centimeters {cm™).

{0033} The instrumentation used to collect and process Raman data includes a Raman
spectrometer system, a transmittance system, a control loop and a processor. The Raman
spectrometer system comprises a Raman spectrometer, with its principal components being a light
source, a monochromator and a detector. The light source delivers excitation radiation to the
probe, where scattered radiation is collected, filtered of Raleigh scattered light and dispersed via a
monochromator. The dispersed Raman scattered light is then imaged onto a detector and

subsequently processed within the processor.

0034} The light source can be a visible laser, such as a frequency-doubled Nd: YAG laser (532
nm}, a helium-neon laser (633 am) or a solid-state diode laser (785 nm). The laser can be a pulsed
or contimuous wave {CW) laser, polarized as desired or randomly polarized, or single-mode. Light
sources other than lasers can be used. The excitation radiation can be delivered 1o the probe, and
the scattered radiation can be collected from the probe.

6
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10035} The scattered radiation of the carbonylation reaction mixture may be collected by a
probe n a variety of locations in onc or more of the scparations vunits. The probe may be placed
directly m a vessel, a feed stream entering or exiting the unit or a slipstream. An issue with Raman
probes and flow-through cells is that their external surfaces can become coated over time with one
or more chemicals from the reactor mixture. The coating of the cell window or the probe will lead
to a decrease in signal reaching the detector, with an associated decrease in observed component
concentration values. As such, the coating can significantly impact the accuracy of the

measurements and impede process control.

0036} In certain embodiments, the mitial Raman spectroscopic measurement of the reference
component 18 obtained with an uncoated probe or flow-through cell. As such, the probe and/or
flow-through cell has no build-vp or deposits thereon that interfere with or decrease the signal
transmitted to the Raman detector, As used throughout this document, the term "coated”
encompasses any coating or deposit that negatively affects (decreases) the amount of radiation
collected by the Raman probe. Analogously, as used throughout this document, the term
"uncoated” rofers to a Raman probe which does not experience a decrease in the amount of

radiation collected.

0037} For online Raman process measurement, fiber optic cables can be used to deliver the
excitation radiation and collect the scattered radiation. The use of fiber optic cables facilitates
positioning the excitation source remotely from the sampling region, providing an environmental

advantage for Raman spectroscopy over infrared systems.

0038} The collected scattered radiation is filtered to remove Raleigh scattering and frequency
{(wavelength} dispersed using a suitable dispersive eclement or inferferometrically.  The
monochromator can be any such dispersive element, along with associated filters and beam
manipulation optics. The dispersed Raman scaticring is imaged onto a detector. Detectors can
melude array detectors or single element detectors, If array detectors are used, the detector is
calibrated such that the frequency (wavelength) corresponding to cach detector element is known.
The detector response is delivered to the processor that generates a set of frequency shift, intensity
(x,y} data points which constitute the Raman spectrum. Raman spectroscopy can measure
compounds such as water, acetic acid, hvdrogen iodide, methvl iodide, methyvl acetate,
acetaldehyde, pentavalent phosphine oxides such as triphenyl phosphine oxide and a mixture of
four triatky! phosphine oxides in which the alkyl groups are r-hexyl and r-octyl (Cytop® 503;

formerly Cyanex® 923; Cytec Industries, Inc.}, and dissolved carbon monoxide.

>

{0039} In various embodiments, concentrations are determined from the signal strengths or

peak intensities of the Raman spectroscopic measurements. The concentrations determined from

7
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the Raman spectroscopic measurements are used to adjust (modify) one or more process conditions

n the carbonylation reactor or a scparation unit.

{0040} In a general embodiment, the present disclosure provides a method for measuring the
concentration of one or more components of interest in the reactor or a separation unit of the acetic
acid process by Raman spectroscopic analysis and then adjusting the conditions in the reactor or
in any subsequent step of the acetic acid production process in response to the Adjusted Value
concentration of the component{(s) of interest. An Adjusted Value concentration of a measured
component of intcrest is generally more accurate, as any changes in measured component
concentration from spectrum 1o spectrum are from a combination of actual concentration change

and any change in extent of probe coating.

{0041} As previcusly noted, Raman spectroscopy can measure water, acctic acid, hydrogen
iodide, methyl iodide, methyvl acetate, acetaldehvde, pentavalent phosphine oxides such as
tripheny! phosphine oxide {(TPPO) and Cytop® 303, and dissolved carbon monoxide. Of the
components that can be measured by Raman spectroscopic analysis, the reference component is
usually glacial acetic acid {(GAA}, a pentavalent phosphine oxide, or the Raman Total Signal

Strength.

{0042} Examples of process condition adjustments melude increasing or decreasing the
temperature or the pressure of the reactor or separation unit(s). Additionally, the flow rates of the
feeds or exit streams can be increased or decreased. Such adjustments can affect the concentrations
of one or more components in the reactor or a separations unit to bring the components within a
desired range. For instance, the concentration of methy! jodide and the catalyst can deternune the
reaction rate. The concentration of the pentavalent phosphine oxide may affectcatalyst stability
and reaction rate. The conceantration of methyl acetate may be correlated to the percentage of
catalvst being used for carbonylation (7.e., the amount of idle catalvst). The presence of water
drives the formation of acetic acid, as water 1s used in the final step of the catalytic process. The
dissolved carbon monoxide assists in catalyst regeneration and is a product of a water-gas-shift
reaction.

{0043} In the present disclosure, Raman spectroscopy permits the calealation of accurate
methyl iodide and methyl acctate concentrations. Methyl iodide has a strongly-scattering,
characteristic peak in the Raman spectrum, and advantageously there is low interfercnce from any
other reactor solution components. Additionally, water and acetic acid Raman peaks permit
accurate determination of their coneentrations without interfering with peaks for methyl iodide or
methyl acetate. In addition, pentavalent phosphine oxides, which include TPPG and Cytop® 303,

can also be accurately measured by Raman spectroscopy.

&
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{0044} As previously noted, an issue with Raman probes and flow-through cells is that their
external crystal structures can become coated over time because the probe and/or flow-through
cell is in contact with the reactor mixture. The coating of the cell window or the probe crystal will
lead to a decrease m signal reaching the detector and an associated decrease in measured
component concentration values. As such, the coating can adversely impact the accuracy of the
probes and vupede process control. The present disclosure advantageously increases the accuracy
of Raman spectroscopic measurements by correlating Raman measurements of certain {reference)
components 1o measurements obtained when the Raman probe and/or flow-through cell was

uncoated (initial measurements).

0045} One such reference component, the (Raman) Total Signal Strength, is measured by the
Raman intensity on the v-axis of a Raman spectrum. The Total Signal Strength is largely

uninfluenced by actual changes in concentrations of the reactor solution components, but decreases

or increases as the Raman probe or flow-through cell becomes coated (or uncoated).

3046} An additional reference component is one of the reactor solution components whose
actual concentration remains largely at steady state and whose measurement for process control
purposes is not required. In this case, any changes in the peak intensity of the signal associated
with this component can be attributed to changes in probe coating. Reactor GAA concentration
may remain at close to steady state for long periods, and thus GAA can be used as a reference
component. When significant actual change in GAA concentration is expected, the Total Signal
Strength can be used as the reference component. Another reference component is an involatile
catalyst stabilizer such as a pentavalent phosphine oxide {e.g., TPPO), because the concendration

of such stabilizers remain at close to steady state.

0047} The present disclosure provides for a method for using the ratio {Adjustment Ratio) of
{2) an nitial Raman mcasurement for a refercnce component (Referencemina) and (b) the
contemporancous {raw) Raman wmeasurement obtained for the reference component
(Referenceconeny), t0 adjust the Raman values for each component of interest (Componenitadised}.

The equation to calculate the Adjustment Ratio is shown below:
Adjustment Ratio = Referenceinsa/Referenceconemp

The initial concentration of the reference component is a fixed value, and the contemporancous
(raw) concentration of the reference component varies from spectrum to spectrum.  As noted
above, the reference component can be Total Signal Strength or any reactor solution component

whose concentration remains close to steady state {e.g., GAA or a pentavalent phosphine oxide}.
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{0048} Similarly, the raw {conteraporancous) concentration of a component of interest varies
from spectrum to spectrum. The Adjustment Ratio permits accurate determination of
concentrations for components that are readily measured by Raman spectroscopy, such as water,
acetic acid, hydrogen iodide, methyl iodide, methyl acetate, acetaldehvde, a pentavalent phosphine
oxide such as TPPO and dissolved carbon monoxide. The equation to calculate the adjusted

concentration of a component of interest is shown below,
Componentadised = (Adjustment Ratio} ¥ Componenteonems

(3049} Again, as noted above, Componenteuemp 1S the raw {contemporancous) measured
concentration of a component of interest where the measurement value is associated with actual
component concentration and with extent of probe coating. Componeniadused 15 the accurate value
of component concentration where the raw value is adjusted based on any changes in probe
coating. The raw or unadjusted Raman measurements for both the reference component and the
compounents of interest may be recorded contemporancously (in the same Raman spectrum)
Alternatively, measurement of the raw reference component and measurement of the raw

components of mterest may be performed as close together in time as permitied.

[005G] Ancther way of expressing the calculation to determine the Adjusted Value

concentration of a component of interest is shown by the following equation:
Componentadiusted = (Referenceiniial/Referencecontemp) * Componenteontemp

0051} An advantage of some of the embodiments of this disclosure is that a single analyzer
may be used, which in turn mimimizes errors i comparison to other methods, such as those that
require more than one analyzer, while maintaining good process control. Another advantage of
some of the embodiments of this disclosure 1s that an extemal reference is unnocessary for

adjustment calculations.

{0052} In one embodiment, the method can be performed instantly or in real time. In a general
embodiment, the present disclosure provides for a method for the production of acetic acid

containing the steps of!

(A} reacting, in a carbonylation reactor and the presence of a carbonvlation catalyst,
imgredients comprising:
(1) methanol,
{i1) carbon monoxide, and
(1)  water,

to produce a reactor mixture;
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(B}  measuring an intial value for a reference component by Raman spectroscopic
analysis with a probe or flow-through cell in contact with the reactor mixture,
wherein the probe or flow-through cell is uncoated;

{(C)  measuring a contemporaneous value for the reference component and measunng the
concentration of one or more components of interest in the reactor mixture by Raman
spectroscopic analysis;

(D)  determining an Adjustment Ratio by dividing the initial value for the reference
component by the contemporancous value for the reference component;

(E)  calculating an Adjusted Value for the concentration of the component(s) of interest by
multiplying the contemporancous concentration of the componeni(s) of interest by the
Adjustment Ratio; and

(F}  modifying at lcast one process condition in the carbonyvlation reactor or a separation

unit, based upon the Adjusted Value.

{60531 The ingredients can further mclude methy! acetate, a catalyst stabilizer, a catalyst
promoter and/or hydrogen wodide. As previously noted, there are two types of catalyst stabilizers
in general. The first tvpe of catalyst stabilizer 1s metal iodide salt such as hithiam iodide. The
second type of catalyst stabilizer is a non-salt stabilizer, including peatavalent Group VA oxides
such as phosphine oxides {e.g , tripheny! phosphine oxide). An example of a catalyst promoter is
methyl 1odide. Methyl iodide may be added directly to the process or gencrated by adding
hydrogen iodide to the process. The reactor mixture can include the carbonylation catalyst,

methanol, methyl acetate, water, carbon monoxide, carbon dioxide, methyl iodide, or acetic acid.

{0054} Anocther way of determining whether the probe and/or flow-through cell is coated or
uncoated is via the Adjustment Ratio. When the Adjustment Ratio is about 0.01 or below, the
probe and/or flow-through cell is considered to be uncoated. In an analogous maaner, the probe

and/or flow-through cell is considered to be coated when the Adjustment Ratio is above 0.01.

HELSRY In some embodiments, the Raman probe and/or flow-through cell can become
sufficiently coated as to render mappropriate any further use of an Adjustment Ratio to calculate
an Adjusted Value. The situation may arise when the probe has a signal of 20% or less. As sach,
when the Adjustment Ratio is about 5 or greater, the Raman probe should be cleaned. In some
erabodiments, the Adjustment Ratio is has a value of less than about 5. In some embodiments, the
Adjustment Ratio is has a value of 0.01 fo about 5. Examples of process conditions that can be
modified include the temperature of the carbonylation reactor, the pressure of the carbonylation

reactor, a temperature of a separation unit, a pressure of a separation unit, a flow rate of an
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mgredient, a flow rate of an exit stream, the concentration of a component, and the selection of a

component.
EXAMPLES

HETRLY The following example is included to demonstrate certain embodiments of the
technology. It should be appreciated by those of skill 1n the art that many changes can be made in
the specific embodiments described herein and still obtain similar results without departing from

the spirit and scope of the disclosure.

0057} Data n this example were obtained from a continuous methanol carbonylation unit
equipped with a reactor, a flash tank, a light ends distiliation column, a decanter, a drying column
and a flow-through cell contaning a Raman probe. A reactor solution slipstream was continuously
passed i series through the flow-through cells and retumed to the process via the flash tank. The
flow-through cell was maintained at about the temperature and the pressure of the reactor, which

were about 175 °C and 400 psig (2760 kPa), respectively.

0058} The flow-through cell contamed a Kaiser Optical Systems fiber optically-coupled
Raman probe with a sapphire crystal. The parts of the probe that were in contact with the reactor

solution were constructed of HASTELLOY ™ B2 alloy.

{0059} The Examples pertain to a time penod of about 13 days of continuoas operation during
which the Raman probe became heavily coated with solid material. The reactor solution contained
components present in a methanol carbonvlation process such as water, methyi acetate, thodium

catalyst, triphenyi phosphine oxide, acetic acid and methyl iodide.

{3060} The trend lines n Figure 1 show that methy! iodide (Mel) concentration as determined
by Raman signal strength measurement agree closely for the first fow davs of the time pernod.
Subsequently, the contemporaneous {raw) Raman-measured Mel concenirations decrease
significantly. In Figure 1, the raw Raman measurements are plotied along with the corresponding
adjusted values. The Adjustment Ratio values were obtained from the equation shown above and

reproduced below in which Mel 1s the component to be adjusted.
Componentadused = (Referenceinia/Referenceconemy) ¥ Componenteonemp

{6061} For this ron, GAA was the reference component and its imitial concentration was
measured with a clean {uncoated) probe. The actual GAA concentration remained close to steady
state over the I3-day opcrating peried, as determined by off-ine gas chromatography (GC)
analysis, which showed a concentration range of 56 + 2 wit%. Thus, any changes in raw GAA
concentration as measured by Raman can be attributed to probe coating and the specific equation

for this Mef measurement is:
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P\’l(’)lz‘xdjusted = (Gt@[’&jniﬁ HGAA comemp) *Melconte p

{0062} Table | below shows the raw and adjusted Raman-measured Mel values at the same
time points where the reactor was sampled for GC analysis of GAA in the Iab. From Figure 1, it
should be noted that the Raman-measured raw Mel concentration dropped by over 40% of its
inutial value and thus any error i the adjustment associated with the small actval variation in GAA

concentration is very small in comparison.

{0063} In a sumilar manner, Figure 2 shows trend lincs for methyl acetate {(McAc)
concentration as determined by Raman signal strength measurement. For MeAc, i Figure 2, the
raw Raman measurements are plotted along with the corresponding adjusted values. The
Adjustment Ratio values were obtained from the equation shown above and reproduced below in

which McAc s the component to be adjusted.
Componentadused = (Referenceuiial/Referenceconemp) * Componenteontemp

{0064} For this run, GAA was the reference component and its nitial concentration was
measured with a clean (uncoated) probe. The actual GAA concentration remained close to steady
state over a 13-day operating period, as determined by off-line GC analysis, which showed a
concentration range of 56 = 2 wt%. Thus, any changes i raw GAA concentration as measured by

Raman can be attributed to probe coating. The specific equation for this MeAc measurement is:
Me ACAdjusted = (GAAjmtisil/GAAcomemp)*i\v’E{ZACcomemp

0065} Table 2 below shows the raw and adjusted Raman-measured MeAc values at the same
time points where the reactor was sampled for GC analysis of GAA in the lab. From Figure 2, it
should be noted that the Raman-nicasured raw MeAc concentration dropped by over 40% of its
initial value and thus any error m the adjustment associated with the small actval variation in GAA

concentration is very small in comparison.

[
(V%)
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TABLE 1
Days | Mel Raw (Raman) | Mel Adj (Raman} | Mel Lab (GC)
0.08 16.06 1671 16.6
0.41 1578 16.73 16.7
1.39 16.35 16.69 4.8
1.89 16.08 16.51 173
2.86 16.15 16.57 16.7
3.35 15.97 16.65 16.9
3.85 15.43 16.62 i7.2
434 15.78 16.81 173
4.83 13.89 1627 169
6.31 14.06 1645 172
6.80 14.37 16.70 167
6.97 14.27 16.78 173
7.78 13.81 17.20 17
8.28 15.02 7.08 i7.1
877 12.83 17.01 i7.6
9.26 11.9¢% 16.74 173
9.75 12.34 17.05 i7.4
16,25 12.34 1742 178
1674 12.07 17.36 i82
11.23 12.43 17.36 18
11.72 12.09 17.534 i83
1221 12,12 17.62 i8.2
13.20 12.49 17.93 i82
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{0066} Figure 1 is a graphical plot of the data presented above in Table I. Figure 1 shows that
the adjusted Raman Mel values and the offline GC Mel values agree, while the raw Mel values

decreased over time.

TABLE 2
Days | MeAc Raw (Raman) | MeAc Adj (Raman) | MeAc Lab (GC)
0.08 244 2.54 2.28
0.40 244 2.58 211
0.92 241 2.57 22
141 2.5 2.56 2.04
1.92 2.71 2.77 2.37
241 2.72 2796 2.39
391 2.47 2.65 2.36
132 1.98 242 1.98
492 233 272 222
542 248 2.87 221
5.91 258 2.96 2.5
6.43 272 2.94 2.85
6.92 267 3.12 2.89
7.10 272 319 293
733 2.76 3.25 2.98
792 2.83 3.54 3.17
8.41 2.6 347 3.49
891 242 3.35 3.56
941 231 3.20 3.08
9.92 2.41 3.05 2.99
10.43 1.99 2.88 2.87
10.90 2. 318 2.88
1141 244 351 3.07
11.92 2.34 338 3.5
1241 2.48 3.61 3.21
12.91 293 4.05 3.66
1320 2.75 395 3.71
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{0067} Figure 2 is a graphical plot of the data presented above in Table 2. Figure 2 shows that
the adjusted Raman MeAc values and the offline GC MeAc values agree, but after a period of

time, the raw MeAc values were lower than the adjusted values.

{3068} Although the present technology and its advantages have been described in detail, it
should be understood that various changes, substitutions and alterations can be made herein
without departing from the spirit and scope of the mvention as defined by the appended claims,
Moreover, the scope of the present application is not intended to be limited to the particular
embodiments of the process, machine, manufacture, compositions of matter, means, methods and
steps described in the specification. As one of ordinary skill in the art will readily appreciate from
the present disclosure, processes, machines, manufacture, compositions of matter, means, methods
and/or steps, presently existing or later to be developed, that perform substantially the same
function or achicve substantially the same result as the corresponding embodiments described
herein mav be utilized according to the present disclosure. Accordingly, the appended claims are
mtended to include within their scope such processes, machines, manufacture, compositions of

matter, means, methods and/or steps.



