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ACETIC ACID PRODUCTION PROCESS

FIELD OF THE INVENTION
180011 The present disciosure relates to moniloring components in an acetic acid
preparation process. More particularly, the present disclosure relates o a method for
measuring componeanis by Raman spectroscopy in process steps downstream from an
acetic acid reactor. Additionally, the disclosure relates o controliing an acstic acid

production process in view of Raman spectroscopy measuraments,

BACKGROUND OF THE INVENTION
10882} Acetic acid is commercially produced by methanel carbonyiaton.  Prior {o
1970, acetic acid was made using a cobalt cataiyst. A rhodium carbony! iodide catalyst
was developed in 1970 by Monsanto. The rhodium catalyst is considerably more adlive
than the cobalt catalyst, which aliows iower reaction pressure and temperature. Most

importantly, the rhodium catalyst gives high selectivity to acefic acid.

18643 One problem associated with the original Monsanto process is that 3 large

amount of water {about 14%) is needed {0 produce hydrogen in the reaclor via the

i\.)

water-gas shift reaction (CC + H20 =2 C0O2 + H2). Water and hydrogen are needead
to react with precipitated Rh{ill} and inactive Rh{ill} species o regenerate the active
Rh(ly catalyst. This large amount of water increases the amount of hydrogen iodide,

which is highly corrosive and leads to engineering problems. Further, removing 3 large

ameunt of water from the acetic acid product is costiv,

10084} in the Iate '70s, Celanese modified the carbonyiation process by adding
ithium iodide salt to the carbonylation. Lithium iodide sall increases the cafalyst stability
by minimizing the side reactions that produce inactive Rh{ill) species and therefore the
arnount of waler needed is reduced. Howsaver, the high concentration of lithium iodide
salt promotes stress crack corrosion of the reactor vessels., Furthermore, the use of

iodide salts increasas the iodide impurities in the acetic acid product.

- [0885] in the early '80s, Milsnnium Petrochemicals developed a new rhodium

carbonylation catalyst system that does not uze lodide salt, The calalyst system uses a
pantavalent Group VA oxide such as triphenyiphosphing oxide as a catlalyst stabilizer,
The Millennium catalyst system not only reduces the amount of waler needed but also

increases the carbonylgton rate and acelic acid yield. Ses U.8. Pat, No. 5,817,880

18836 In acetic acid processes measurement of the various componenis in the
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zystem has been used for controfling and monitoring the process. For exampie, U.S
Pat. No. 6,582,221 teaches process control for acetic acid manufacture using infrared
spectroscepy. According 1o the 221 patent, samples are collecied from columns andior
transfer lines downstream of & reactor vessel, and the concentration of one or more
components in the sample is measured by an infrared analyzer. The concentration
measurements are then used fo make adjustments in the concentration of components
in the reaction system, directly or indirectly, such as by adjusting the temperature profile
in a particular column, the Bow rate of sciution in to or out of g column, the vent gas rale
cut of tha reactor or a column, or the addition or extraction of a component {0 or from
the solution.  The components measured include water, acelic acid, methyl acetate,
methyi indide, aldehydes, hydrocarbons, propionic acid, and hydrogen iodide. Similarly,
U.S. Pat. No. 65,362,366 teaches an onling method to measure componemnts iny the

gactor mixiure.

F0867] Several drawbacks regarding the use of infrared specirescopy with acetie
acid procasses have been found as disclossd herein, including large H20 and acetic
acid absorbance values while having relatively weak Mel absorbance values. While
iarge absorbances can be helpful in quantiiation, in ihe acelic acid process, the
absorbance values of H20 and acelic acid are so large that they have g tendency to
overlap and interfere with abhsorbances of other components thereby making
quantitation difficult. Additicnally, a targe number of calibration standards are reguired
for acetic acid processes io obiain calibration models with acceptable acouracy.
Moraover, infrared has drawbacks regarding hardware flexibility and implementation in a

process environment.

3681 There have been numerous infrared based siudies carried out with regard to
methanot (MeOH) carbonyiation.  In other processes, Raman speclroscopy has been
employed. For example US 6,100,975 used Raman spectroscopy for analyzing fiuid
streams containing petroleum products. However, Raman speciroscopy has not been
hareiofore disclosed by academic or patent literature Tor use in acetic acid processes,
except in pending application no 12/806,575, filed Ccotober 18, 2010, Application no.
12/906,575 employs Raman spectroscopy o mesasure the coonceniration of a
compoenent in an acelic acid reaction mixture.
U Similar to infrared, Raman is & form of vibrational spectroscopy. However,
infrared bands are associated with fight absorption and arise from a change in the

dipole momeani of a molecule. In confrast, Raman bands are associated with light
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scattering and arise from & change in polarizability of a molecule., While some
molecules exhibll only Raman or only infrared vibrational fransitions, others exhibit both

Raman and infrared bands but with different intensilies and selectivity.  Accordingly, in

an acelic acid process, it is unknown whether the components in the process will
provide suﬁiciemiy observabile specira to determine concentration, and furthermore, in a

multi-component system, some specira may overlap therefore making observation
difficult. Therefore, i is unknown whether Raman spectroscopy ¢an be empioyed in a
multi-component system such as an acetic acld production process o accurately
measure various componenis,

3

19618  What is needed is g system that is easily employabie in an acetic acid
process, which permits accurate measurement of the componenis without burdensome

calibration standards.

SUMMARY OF THE INVENTION
{0011} The process and method disclosed herein includes determining the
characterislic of one or more componests in a step of an acetic acid production process
The method includes providing a feed strearn having muiliple componenis to a
separations unii, one of the componenis being acelic acid, the separations unit

zeparating the feed stream into two or more exit streams having a different composition

)

frorn one another, and measwing & characteristic of one or more of the components in

the separations unit by Raman speclroscopic analysis.

{00121 in further embodiments, the characleristic measured is concentration or
density. In some embodiments, the separations unil can be a distillation column or
decanter.  Further, the one or mora compenents can be in the light phase of the
decanter or the light ends bettoms. The one of more componentis can be selected from
the group consisting of methyl iodide, methyl acetale, water, acelic acid, hydrogen

iodide, acelaldehyde, and mixtures thereof.

{6913} in oither embodiments disclosed herein is a method for controlling an acetic
acid production process. The process inchudes the sleps of

7

{iy reacting methanol and carbon monoxide in the presence of a

carbonylation catalyst o produce a reactor product comprising acetic acid;

{iiy measuring the characteristic of one or more components in a separations
unit downstream from zaid reaclor by Raman speciroscopic analysis; and

iy adjusting the conditions 1y a reactor or in any subsequent step of the
po

3
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acelic acid production process.

{3014] in some embodiments, adjusting the conditions can include modifying the
temperature or flow rate of a feed, recycle or exit stream of a reactor or separations unit

or modifying the temperature of a reactor or separations unit.

BRIEF DESCRIFTION QF THE DRAWINGS
{618] Embodiments disclosed herein arg described, by way of example only, with

reference to the following figures:

U] Fig. 1 lustrates one embodimant of several steps in an acstic acid process;

a

{08174 Fig. 2 llusirates Raman overlaid specira of several of decanter light phase

standards in which a spectral region with a fully resoived Mel signal is shown;

{31 8] Fig. 3 Hlustrates Raman overlaid specira of several of decanter light phase
standards in which a spectral region with a fully resolved MeOAc signal is shown;

{8194 Fig. 4 lllustrates an Infrared 5 factor calibration mode! for decanter light phase

for component Mel;

10620 Fig. § Hliustrates a 2 factor Raman calibration model for decanter light phase

for component Mel;

21 Fig. 6 iilustrales Raman overlaid spectra of several of light ends bolfoms

standards with clear signais from H:O and HOAC.

DETAILED DESCRIPTION OF THE INVENTICON
368223 The present disclosure relates to a method for measuring components by

Raran Speactroscopy in process steps downstream from an acetic acid reactor,

G823 The acetic acid process involves the a carbonvlation reaction performed in
the presence of a carbonylation catalyst and a catalyst stabilizer. Suilable carbonylation
calalysts include ihose known in the acetic acid indusiry. Examples of suilabie
carbonylation catalysts include rhodiurm catalysis and iidium catalysts.  Suitable
rhodium catalysts are taught, for example, by U.S. Pal. No. 5,817,869, Suitable
rhodium cataiysis include rhodium metal and rhodium compounds,  Preferably, the
rhodium compounds are selected from the group consisting of rhodium salts, rhodium
oxides, rhodium acelates, organo-rhodium compounds, coordination compounds of
rhodium, the like, and mixiures thereof. More preferably, the rhodium compounds are
seiecied from the group consisting of Rh2(C0OMI2, Rh2{COMBr2, Rh2(C0MCI2,

RE(CH3C02)2, Rh{CH3ICO2)3, [HIRKCO21Z, the Bke, and mixtures thereof. Most
4
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pr«.—:ferab!y, the rhodium compounds are selecled from the group consisting of
HIRR{CO)212, RE{CH3ICO2)3, the like, and mixiures theraof,

0241 Suitable iridiurn catalysts are taught, for example, by U.S. Fat, Neo. 5,932,786
Suitable iridium catalysts include iidium metal and iridium compounds. Examples of
suitable iridivm compounds include CI3, 3, IWBr3, [IN{CO2 {12, Hr{CORCH2,
Ir{CO2B2, [I(COMIZI-H+, [I(CO)EBZ-H+y, {I{CO)212]-H+, {Er{CH3)|3(CQ}2]—H+,
FA(CON2, FCI34HZ0, Br34H20, 3(COM2, 203, G2, Ir{acac)CO)2, i{acac)l,
r{Ac)3, [W3O{OACIB(H2O)3NOAC], and H2[IrCiBL.  Preferably, the idium compounds
are selected from the group consisting of acetates, oxalales, aceicacetates, the like,
and mixiures thereof. More preferably, the iridium compounds are acefates. The
iridium catalyst is preferably used with & co-catalyst.  Freferred co-catalysts include
metals and metal compounds selected from the group consisting of osmium, rhenium,
ruthenium, cadmium, mercury, zinc, gallium, indium, and tungslen, their compounds, the
fike, and mixtures thersol. More preferred co-cataiysts are selected from the group
consisting of ruthenium compounds and osmium compounds.  Most preferred co-
catalysts are ruthenivm compounds. Preferably, the co-catalysts are chioride-free such
as acefates.

£

6251 Praferably, the reaction is performed in the presence of a calalyst stabilizer.
Suitable catalyst stabilizers include those known to the industry. in general, there are
two types of catalyst stabilizers. The first type of catalyst siabilizer is meial iodide sall
such as lithium iodide. The second type of catalyst stabilizer is a non-salt stabilizer.

Preferred non-sall stabilizers are pentavalent Group VA oxides. See U.S. Pat. No.

5,817,869, Fhosphine oxides are more preferred. Triphenylphosphine oxides are most

preferred.

106264 The carbonylation reaction is performed in the presence of water. Preferably,
the concentration of water present is from about 2 wt% to about 14 wi% based on the
total weight of the reaction medium. More preferably, the waler concentration is from
about 2 wt% to about 10 wi%. Most preferably, the water concentration is from about 4

wt% 1o about 8 wi%

8274 The reaction is performed in the presence of methyl acetate. Methyl acetate
can be formed in situ. if desirable, methvl acelate can be added as a stariing material
to the reaction mixture. Freferably, the conceniration of methyl acetaie is from about 2
wi% to aboul 20 wi% based on the fotal weight of the reaction medium. More
praferably, the concentration of meathyl acetate is from about 2 wit% o about 16 wi%.

3
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Most preferably, the concentration of methyl acetate is from about 2 wt% to about 8
wt%. Alternatively, methyl acetate or a mixture of methyl acetate and methanol from
byproduct streams of the hydroysis/methanolysis of polyvinyl acetate can be used for

the carbonylation reaction.

[0028] Preferably, the reaction is performed in the presence of methyl iodide. Methyl
iodide is a catalyst promoter. Preferably, the concentration of methyl iodide is from
about 0.6 wt% to about 36 wt% based on the total weight of the reaction medium. More
preferably, the concentration of methyl iodide is from about 4 wt% to about 24 wt%.
Most preferably, the concentration of methyl iodide is from about 6 wt% to about 20
wt%. Alternatively, methyl iodide can be generated in the carbonylation reactor by

adding hydrogen iodide (Hl).

[0029] Hydrogen may also be fed into the reactor. Addition of hydrogen can
enhance the carbonylation efficiency. Preferably, the concentration of hydrogen is from
about 0.1 mol% to about 5 mol% of carbon monoxide in the reactor. More preferably,
the concentration of hydrogen is from about 0.3 mol% to about 3 mol% of carbon

monoxide in the reactor.

[0030] Methanol and carbon monoxide are fed to the carbonylation reactor. The
methanol feed to the carbonylation reaction can come from a syngas- methanol facility
or any other source. Methanol does not react directly with carbon monoxide to form
acetic acid. It is converted to methyl iddide by the hydrogen iodide present in the acetic
reactor and then reacts with carbon monoxide and water to give acetic acid and
regenerate the hydrogen iodide. Carbon monoxide not only becomes part of the acetic
acid molecule, but it also plays an important role in the formation and stability of the

active catalyst.

10031] The carbonylation reaction is preferably performed at a temperature within the
range of about 1500C to about 2500C. More preferably, the reaction is performed at a
temperature within the range of about 1500C to about 2000C. The carbonylation
reaction is preferably performed under a pressure within the range of about 200 psig
(1,480.28 kPa) to about 2,000 psig (13,890.84 kPa). More preferably, the reaction is
performed under a pressure within the range of about 300 psig (2,169.75 kPa) to about
500 psig (3,548.70 kPa).

10032] After the carbonylation reaction, the reaction mixture is passed downstream to
a number of separation units. Separations unit may be defined herein as a vessel or
step in an acetic acid process which separates a feed stream into two or more separate

6
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separation can be based on methods known in the arl such as separation by physical
characteristics, such as density, volatility, boiling point, phase, ahserbance, adsorbance

and other characieristics used for separating chemical components known in the art.

{3833} In an acelic acid process, these units include, but are not imited {o, a flash
tank, a light ends distillation column, & decanter, drving column and a heavy ends

distiliation column. These units are discussed in turn as follows.

13034} The acefic acid product stream s withdrawn from the reacltor and is
separated, by a flash separation via a flash tank, into a liquid fraction comprising the
catalyst and the catalyst stabilizer and a vapor fraction comprising the acelic aci
product, the reactanis, waler, methyl iodide, and impurities generated during the
carbonyiation reaction including acefaldehyde. The liquid fraction is preferably recycled

o the carbonylation reactor. The vapor fraction is then passed to a distiilation column.

j035) The distillation colurn, the so cailed “light ends distillation,” separates an

overhead comprising methyl fodide, water, methanol, methyl acelate, and acetaldehvde
from an scelic acid stream comprising acetic acid, a small armount of water, and heavy
impurities such as propionic acid.  The acetic acld slream may be passsed to a drying
coiumn to remove waler and then be subjacted to the so called “heavy ends distiilation”
to remove the heavy impurities.

11036] As known in the art, the light ends distillation column separates the feed inlo
two or more exit streams according o bolling point, including an overhead exit stream
and a boltoms exit stream. The overhead from the lghi~ends distiliation preferably
comprises from about 30 wi%h 1o about 70 wi% of methy! iodide (Mel}, from about 5 wid%
to about 15 wi% of methyl acetate (MeQOAg), from about 5 wi% 1o about 35 wi% of
acstic acid (HOAG), 10 wi% to about 40 wi% water (H20), from about 1 wi% to about 10
wi% of alkanes, and about 2 wi% or less of aceialdehyde (HAc) based on the tolal
weight of the overhead. The botioms contains about 80 wi% to about 100 wi% of acelic
acid, about 3 wi% o about 20 wi% water, and about from {0 wi% to about 2 wi%

Hydrogen lodide {HI).

10371 The overhead is condensed and separated by density in a decanter unit to a
light, aqueous phase and & heavy, organic phase. The lighi, agueous phase comprises
water, from aboul 20 wi% io about 80 wi%, acetic add, from about 20 wi% to about 80
wi%, methyl acetate, from aboui 0 wi% 1o about 10 wi%, methyl lodide, from about 0
wt% fo about 16 wi%, acetaldehyde, from about G wi% to about 2 wi%, and preferably O

wi% alkanes. The densily of the light phase is preferably 1.0 © 110 ¢g/em3. The

7
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aqueous phase is usually disposed in the upper portion of the decanter, whereas the
heavy, organic phase is disposed toward the boltom portion of the decanter. The heavy,
organic phase comprizes waler, from about 0 wi% to about 2 wi%, acelic acid, from
aboul 0 wi% 1o about 10 wi%, methyl acetaie, from aboul § wi% to about 20 wi%,
methyl lodide, from about 60 wi% to aboutl 95 wi%, acelaldehyde, from about 0 wi% fo

about 2 wit%, other alkanes, from 0 to 15 wi%. The density of the heavy phase is 1.4 {o
2.2 g/lem3. The light, agueous phase is preferably recveled to the reactor or o the light

ends distiliation.

{038} The method disclosed herein involves measuring a component of a
separations unit downstream from the acelic realor by Raman spectioscopy. Raman
spectroscopy is known, for instance, see U.S. Pal. No. 7,505,127, The Raman shift
occurs when light impinges upon a molecula and interacts with the slectron cloud and
the bonds of that molecule. A photon exciles the molecule from the ground siate to a
virtual energy state. When the molecule relaxes it emits a pholon and it returns to a
different rofational or vibrational state. The difference in ensrgy between the original
state and this new stale leads to a shift in the emitted pholon's frequency away from the
excitaion wavelengih. Raman specira are ypically shown as plots of inlensity {arbitrary
unifs) versus Rarnan shift. Raman shifis are lypically expressed in wavenumbers,
which have units of inverse length. Most commonly, the units chosen for expressing

wavenumber in Raman specira is inverse centimeiers (cm-1}

16639] The instrumeniation usad to collect and process Raman data includes a
Raman spactrometer system, a transmittance system, a control loop, and a processor.
The Raman spectrometer sysiem comprises a Raman spectrometer, the principal
components of which are light source, a monochromator, and a detector.  The light
source delivers excitation radiation to the probe. Scattered radiation is collected, filtered
of Raleigh scattered light, and dispersed via a monoechromator. The dispersed Raman
scattered light is then imaged onio a detector and subsegquently processed within the

{HOCessOr.

{8404 Typicaliy, the light source is a visible laser, such as a frequency-doubled
Nd:YAG laser (832 nm}, a helium-neon laser (833 nm), or a solid-stale diode laser {such
as 785 nm). The laser can be pulsed or continuous wave (CW), polarized as desired or
randomly polarized, and preferably single-mode. Typical excitalion lasers will have 100
to 400 mW power (CW), althnugh lower or higher power can be used as deszired, Light

sources other than lasers can be used, and wavelengths and laser types and
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paramelers other than those listed above can also be used.

HUERY The excitation radiation can be delivered to the probe, and the scatiersd
radiation collected from the probe by any convenient means known in the art, such as
conventional beam manipulation optics or fiber optic cables generally designated. For
an on-ine process measurement, it is particularly convenient {o deliver the excitation
adiation and collect the scaltered radiation through fiber optic cables. It is a particular
advantage of Rarnan spectroscopy that the exciiation radiation typically used is readily
manipulated fiber optically, and thus the excitation source can be positioned remolsly
from the sampling region. Thus Raman spectroscopy has an advantage over prior

infrared systems in that it can facilitate physical empioyment in an acetic acid process

{00421 The scatiered radiation is collected and dispersed by any convenient means
known in the art, such as a fiber oplic probe. The collected scallered radiation is fillered
to remove Raleigh scatlering and then frequency {(wavelength) dispersed using a
suitable dispersive slement, such as a blazed grating or a holographic grating, or
interferometrically {2.g., using Fourier transforms). The grating can be fixed or

canning, depending upon the lype of delector uzed. The monochromator can be any

such dispersive element, along with associated filters and beam manipulation optics.

10043} The dispersed Raman scatiering is imaged onlo a detector. Typical detectors
include array detectors generally used with fixed-dispersive monochromators, such as
diode arrays or charge coupled devices {CCDs}, or single element delectors generaily
used with scanning-dispersive monochromators or Fl-based specirometers, such as
fead sulfide detsctors and indium-galium-arsenide detectors. In the case of amay
datectors, the detector is calibrated such that the frequency {(waveiength) corresponding
o each detector element is known. The detector response is delivered to the processor
that generates a set of frequency shiff, infensity {x,y) data points which constitute the

Raman spectrum.

0844} The scattered radiation of the carbonylation reaction mixture may be collected
by a probe in a variely of locations in each of the separations units. The probe may be
placed directly in a vessal, or 2 feed stream enlering or exiting the unit, or a slip stream.
For example when measuring the decantier, the probe can be placed directly inle the
upper portion of the unit or in a stream exiting the top of the unit. When measuring the
fght ends botloms, the probe can be placed dirgctly into the lower portion of the unil
containing the bottoms, or an exit strgam from the unif. Also exit sireams can have the

4]
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same or similar concentration as the porlion of the unil & is exiling from, and
accordingly, measuring such componeant concenlrations are considerad the same as if
measuring directly in the respective top or bottom portion of the unit. Alternatively, the

probe dogs not conlact with the liguid mixture. The probe delivers the exciiation

adiation from the light source to the reactor mbdure liguid, collects the scatiered
radiation, and delivers the scattered radiation to the monochromator through the
transmitfance systern. There are mulliple ways for oblaining measurements using

Raman spectroscopy of the units in the acelic acid process which are not limited hersin.

HHELY in one embodiment, the methed disclosed herein inciudes measuring the
concentration or density of one or more components in a separations unit of the acetic
acid process and adjusting the conditions in the reactor or in any subsequent step of the
acetic acid production process in response to the measured concentration. For
example, the lemperature or pressure of the reactor or other separations units can be
increased or decregsed. Add;t;ondiiy, he flow rates of the feeds or exit slreams can b

increased or decreasad. Such adjustments can affect the concentrations of the ong or
more components in the separations units or raacior in order to bring them within the
desired range, for example, the ranges for the decanter and light ends column are
provided above.  Allernatively or additionally, one or more compoenents can be
measured in the separations units o adjust the particular concentration of a component
in order to optimize the process or a particular separations unit.  Moreover, the
conceniration of a particular component or densily can indicate that the process is not
optimized or that a particular variable, such as temperature, pressure of a unit or flow

rate of a feed/exit stream is outside of a predetermined range and should be corrected.

0846} For infrared speclroscopy, calibration for accurate Mel concentration
srediction is difficult to achieve. Furthermore, H20 and acelic acid have relatively large
infrared absorbances which interfere with other compaonents, while Mel has a relatively
weak absorbance. Furthermore, systemns with high ameunis acetic as well as H20 are

more probiematic for caiibrating and oblaining an accurate conceniration megsurement.

{647} Az disclosed herein, it has been found that Raman spectroscopy can be used
in orocess steps of an acelic acid produclion process and accordingly controiling or
adjusting the process based on such measurements.  In particular, components in
separation units downstream from the acetic acid may be measured by Raman
Spectroscopy.  These unils inciude, bul are not limited {o, flash tanks, distillation

columns, including both “ight ends” and “heavy ends” columns, a decanter, and & drying

i
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ooiumn,

HHERY Raman shifts for several components confained in the light phase portion of

the decanter are as follows:

Table 1

Decanter - Light Phase

Mel 525

MeOAc | 857, 641

MO 3250

HOAC 2042 1898, 1432, 1361, 1248, 1014, 882, 576
HAC 1118

Density 3500 - 100

{0049] Raman shifis for several components containad in the iight ends distillation

column boltoms are as follows:

Table 2

ht Ends Distillation Column Botloms

Hi

{30501 Referring now to Fig. 1, a decanter 1 and & "light ends” distiliation column 4 is
shown. With respect to the decanter 1, a gas phase stream is provided from the top of
tha light ends 4 to the decanter 1. The decanter 1 has two portions, namely a light
phase 2 with lower densily in the upper portion and a heavy phase 3 with higher density
contained in the lower portion of the decanter 1, aiso known as “the boot” The Raman
probe can be inserted into the light phase 2 mixture of the decanter 1 Tor measuring
components. Preferably, the components measured in the light phase of the decanter
include those in Table 1, namely Mel, H20, HOAc, HAc, MeQOAg, as well as the density
of the mixture. The probe can also be placed also in the gas phase just above the light
liquid phase for measuring the desired light phase components. Generally the heavy
phaze in the decanter neesd not be rmeasured.

(8051 Additionally in Fig. 1 is shown a “light ends” distiliation column 4. The light

ends receive a feed 5 from a unit further upstream, for example a flash fank {not
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shown),  The upper portion § of the light ends column has lighter components (fower
boiling point} whare a gaseous overhead is faken from the top of the column. in the
lower poriion of the column a bottoms 7 containing heavier components (higher boliing

point) is exited from the column in stream 8. A Raman probe can be placed in the

bottoms 7 of the column or in the stream § fo measuwre componenis of interesl

Additionally, a slip siream 9 can be provided which receives a portion of the stream 8 for

measuring with & Raman spectrometer. |t will be understood that the concentrations of

the components in the boltoms 7 of the column will be the same or approximately the

same whether measured in the stream §, slip stream 9 or botloms 7. The preferred
1 o

compenents measurad in the light ends column are those noled in Table 2, namely
H20, HOAc, Hi.

Examples

Methods

LYY To identify the Raman shifis and infensities of components a number of
experiments are performed (approximately 10-20 standards) for each sample type in
which the conceniration of said component varies while the concentrations of cther
components remain essentially constant or under such conditions that the other
compenents will not interfere with the measurement of said component. These
experiments are performed by preparation of multi-component standards in 20 mi

sample vials at room temperature and atmospheric pressure,

18053] ft shouid be noted that the appropriate Raman shift region used for
quantitatively analyzing a particular component may vary depending on the vessel o’
siream in which it is being analyzed, given thal a particular component may be more
concentratad in one location in the process as compared (o its concentration at another
incation and that a particular component’'s Raman peak will be interfered with to varying
degress depending on the sampie typs.

54} Spectroscopic data were collected using a Thermo Nicolet Almega-XR
dispersive Rarnan spectromeler operating at 532nm. For each sample, 32 specira are
collectad and averaged over the range 100-4250 cm-1.  Each spectrum had an
acquisition time of 1 second, and spectral resciution was 4 cm-1.

1655) Multi-component standards were prepared for the decanter light phase and
the light ends distillation column botloms. For the decanter, 17 muli-component

standards were prepared, with 14 used for calibration and 3 used for vaiidation. For the

-
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fight ends column, 15 multi-component standards were prepared, 12 for calibration and
3 for validation. Calibration models were generated using TQ Analyst calibration
software from Thermo Scientific. Validation was iested by comparison of the values

predicted by the model with actual values.

Decanter
10856] i contrast to infrared, which requires about 100 standards, only 17
multicomponent standards weare prepared and analyzed for the decanter light phase,

The standards which were prepared are shown in Table 3 as feilows {tables 3-5, 7-10 in

wit%}:

Table 3

Decanter Light Phase Multicomponent Standards
1,00

139 3.87 .0
1.60 4.93 452 1.051
52 8.56 8.74 1.052
3¢ 112 5.66 a5
150 515 1,045
53, 7AG 049 1,014
22 58,17 3.47 RI 1.031
170 §2.67 4.74 2.89 1.622
615 7774 ¢.52 018 4011
088 5% 73 7.52 101 1018
0,00 54.55 44 €.00 4013
.08 1368 £.08 562 1.075
1.55 21.38 4. 425 1.052
0.49 141 425 1.048
0.92 258 3,80 4.038
Sied #17 0.24 0.3 G.30 1611

108574 Raman overlaid spectra of several of these decanter light phase standards
are provided in Fig 2 in which a spectral region with g fully resolved Mel signal is shown.

Similarly, a signail for MeDAc is ohserved in a different spectral region as shown in Fig

e
.

HISE] In order to directly compare the accuracy of the exisling infrared calibration
modat which contains over 100 standards with a Raman model, 14 of the standards in
Table 3 were measurad according 1o Raman spectroscopy. A subseat of infrared spectra
associaled with 14 of the calibration standards of approximate compositions as shown
in Table 3 was alse identifiad and re-modeied. The conirast between the resulting
infrared and Raman calibration models for Mel is evident from Figs. 4 and 5. Fig. 4

dizpiays an Infrared & factor calibration mode! for decanter light phase for component
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Mel. Fig. 5 shows a Raman 2 Faclor calibration mods! for a decarnter light phase for
As can be seen, Fig. 5 Raman speciroscopy produces a supsrior
model over the infrared model shown in Fig. 4. Additionally, only 2 factors are reguired

for the Raman model in contrast io the 5 for the Infrared modsi,

j0859] Subsequent to calibration, three of the standards shown in Table 3 above that

were not used fo prepare the calibration model were used as validalion standards.

Fredicted infrared and Rarnan values for all components are shown in Tables 4 and 5

halow.

Table 4

Raman VYalidation

Sid #3

1G1.08

St #S Gu8 G741 37351 37751 G400 84 55 1.08 147 1 566 5.82 1.058 059 166.17
Sid #1% .40 G52 | 4808 | 45881 477¢ 47.73 1.4% 147 1 429 4.21 1.046 1.046 $¢.92

10

Table §

93
S1d #3 1.8 .84 | 246
Hid #5 .88 .03 | 37.35 3758 54.9% 5617 1.08 0.838 : 5.66 348 1.058 1.044 99.51
Sid #15 49 545 1 4808 44 .83 47.7¢ 47.59 1.4 1.48 1 £.2Q 5.08 4.046 1.035 8811
1660 Approximate accuracies were obtained by calculating the average wi%

differential betwsen actual and calculated vaiues shown in Tables 4 and 5, and which

15 gre displayed in Table 6.
Table 6
Raman 047 138 REX 0.08 .13 Q.001
tnfrared 3.08 G.az 0.5¢ 0.15 R 001
188611 As can be seen, it is surprisingly shown that Raman produces more accurate
conceniration measurements.
20 Light ends Distillation celumn
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10062} For the Light ends column botioms, 15 standards are prepared.  The

standards preparad for Raman Speclroscopy are shown in Table 7 as follows:

Table 7

Raman Light Ends Bottoms Mullicomponent Standards

—

=

79 143

81.4% 0

ey

3 81.13 1.04
8 83.93 .54
2 8579 G.6%

=y
N {0 D {0 [ {o
IR SRR RIS R R [ B ]

87.05 .23
85.42 2
87.29 24

N

TSN

-
[}

7.38 904 1.7
4.27 %5.36 .37
3.81 86.3 .28
74 8926 9]
8.76 82.¢ .38
10.16 89.66 G.18
5.05 53.44 1.5

5 H0863) Raman overlaid spectra of several of thess light ends botloms standards are

provided in Fig. 6, which shows dlear signals from H20 and HOAc.
{68641 . Standards were prepared for infrared analysis as well, as shown in Table 8;

Table 8

infrared Light Ends Bottoms Mullicomponant Standards

19.48

1845

17.98

15.66 $.40
13.4%2 0.687
0.17

87.71 2.34

90.82 1.685

98.87 0.368

3.91 9579 G20
741 92.59 3.0
S 92.70 .35
30.06 013

93.58 4.54

10 {a865]  Threes of the standards shown in Tables 7 and 8 which had not been used to

srepare the calibration models were used as validation standards. Predicled infrared
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and Raman vaiues for all components are shown in Tables 9 and 10 below {All values

shown in wi).

St # 2 17.83 18.26 81.13 24.04 4.04 1.02

S1d#24 12.68 12.76 5542 85142 2 1.88

Std # 28 7.4 7T 826 G286 ¢] 0
5

S #35 17.68 18.22 8412 £0.45 0.62 4.03
Sid #39 12.55 12.58 5 854 1.6 G014
Std if44 7.41 7.83 91.72 g G.29

{8866] Approximate accuracies were obtained by calculating the average wi%
differential between aciual and calculaled values are shown in Tablez 9 and 10, and

10 which are displaved in Table 11.

Table 11

Raman 0.25 C.12 0.0a
infrared 0.23 C.58 0.1

667 As can be seen, it is surprisingly shown that Raman produces more accurate

concentration measurements for HOAc and Hi.

i6



What is claimed is:

1. A method for determining the characteristic of one or more components in a step of an

acetic acid production process, comprising:

providing a feed stream comprising multiple components to a separations unit, one of said

components being acetic acid,

said separations unit separating said feed stream into two or more exit streams having a

different composition from one another, and

measuring a characteristic of one or more said components in said separations unit by

Raman spectroscopic analysis,

wherein said acetic acid production process comprises reacting methanol and carbon monoxide

in the presence of a carbonylation catalyst.
2. The method of claim 1, wherein the characteristic measured is concentration or density.
3. The method of claim 1, wherein the separations unit is a distillation column or a decanter.

4.  The method of claim 3, wherein the characteristic of one or more components in a light

phase of the decanter is measured.

5. The method of claim 3, wherein the characteristic of one or more components in the

distillation column bottoms is measured.

6. The method of claim 1, wherein the one or more components is selected from the group
consisting of methyl iodide, methyl acetate, water, acetic acid, hydrogen iodide, acetaldehyde,

and mixtures thereof.

7. The method of claim 1, wherein the feed stream comprises Mel.

8. The method of claim 1, wherein the component is Mel.

9. The method of claim 1, wherein the feed stream comprises H-0.

10. A method for controlling an acetic acid production process, comprising:

(i) reacting methanol and carbon monoxide in the presence of a carbonylation catalyst

to produce a reactor product comprising acetic acid;
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(iiy measuring the characteristic of one or more components in a separations unil

downsiream from said reactor by Raman spectroscopic analysis,; and

(i} adiusting the conditions in a reactor or in any subsequent step of the acelic

acid production process.

11. The method of clalim 18, whereln the one or more componants is selecied from the
group consisting of methyl lodide, methyl acetate, water, acelic acid, hydrogen icdide,

acetaldehyde, and mixtures thereof.

12.  The method of olaim 48, wherein the separations unit is a distillation column or a

dacanter.

13. The method of claim 18, wherein the characterisic of one or more componenis in g

light phase of the decanter is measured.

14. The method of claim 18, wherein the characleristic of one or more components in

the distillation column boltoms is megasured.

18. The method of clalm 10, wherein said adjusting the conditions comprises modifying
the temperature or flow rale of a fead, recycle or axit stream of a reactor or separations

unit or modifying the temperature of a reactor or separations unit.
18. The method of claim 18, wherein the catalyst is a rhodium catalyst.

17. The method of claim 17, wherein the reaciion ocours in the prasence of a catalyst
stabiiizer selected from the group consisting of pentavalent Group VA oxides, meial

indide salls, and mixtures thereof.

18. The method of claim 14, wherein the catalyst stabilizer is a phosphine oxide,



