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METHOD AND DEVICE FOR DETERMINING THE ISOMER
COMPOSITION IN ISOCYANATE PRODUCTION PROCESSES

ABSTRACT OF THE DISCLOSURE
The invention relates to a method for determining the isomer composition in an
isocyanate isomer mixture, wherein a spectrum of the isomer mixture 1s recorded

and the spectrum is entered into a chemometric calibration model.
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METHOD AND DEVICE FOR DETERMINING THE ISOMER
COMPOSITION IN ISOCYANATE PRODUCTION PROCESSES

BACKGROUND OF THE INVENTION
The present invention relates to a method of determining the i1somer composition

of an isocyanate isomer mixture during 1socyanate production processes, and to a

" method for the regulation or control of an isocyanate 1somer production system for

mixing or separating isomers. This invention also relates to an apparatus for the

production of an isomer mixture with a setpoint isomer composition.

From the prior art, it is known to produce an isomer mixture of isocyanates, with a

‘particular isomer composition, by means of an isomer production system.

For example, isomer separation can be carried out by means of distillation or
crystallisation. Alternatively, a particular isomer mixture may be produced by
mixing suitable initial isomer mixtures. The quality of the isomer mixture, for
example in distillative isomer separation, can be regulated roughly through the
process parameters of pressure and temperature, as well as the distillate/bottom-
product ratios and reflux ratios. A disadvantage of this, however, lies in that with
high product purities, the pressure and temperature provide almost no useful
information about the concentration of the isomers. In other words, the sensitivity
of the concentration determination is on the order of the measurement noise since
the boiling points are close together. Furthermore, no physical method 1s yet

known to be suitable for the determination of isocyanate isomer mixtures.

Previously, therefore, this quality monitoring has been carried out by taking

~ samples and by, for example, subsequeht manual chromatographic analysis,

preferably gas chromatography (GC), of these samples. In the case of isocyanates,
it is necessary to take occupational safety and environmental protection conditions
into account, in order to avoid risks involved in the handling of such chemical

substances. Furthermore, the number of samples that can be realistically taken is
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limited due to the associated labor cost, and information about the composition of
the sample is not available until after a significant delay. Thus, in order to control
the product quality of crystallizers or distillation columns, this manual method
has significant disadvantages. This is particularly a problem since it does not
allow any persistent trend to be established with respect to the concentration

changes in many equipment components of a complex system.

With manual controls and sampling, it is conceivable that the isomer mixture
being produced may have a relatively large difference in isomer content from the

setpoint composition, particularly over relatively long periods of time. This can

result in a reduction of the product quality or the production of waste.

Process chromatography or automated titration are relevant online methods for
analyzing or assessing the isomer composition of an isomer mixture. A feature
common to these methods is that the result is only available with a significant time \
delay after lengthy measurement times. Furthermore, these methods are

characterised by elaborate sample delivery means, susceptibility to interference,

and sizable consumption of the auxiliary agents and other consumable materials.

Monitoring and regulation of the isomer composition is important, and
particularly, for the production of isocyanates. In this context, various isocyanates

A, B, C, D, etc. consist of a mixture of two or more isomers 1, 2, 3, ..., n.

These isocyanates include, for example, naphthylene diisocyanate (bis-
[isocyanate]naphthylene), xylylene diisocyanate (bis-[isocyanatomethyl]benzene),
methylene diphenyl diisocyanate (MDI) or toluene diisocyanate (TDI), as well as \
other aromatic, alicyclic or aliphatic isocyanates, and mixtures thereof.

In general, isocyanate intermediate or commercial products consist of the various

1somers 1n different ratios.
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Industrially, such isocyanate intermediate or commercial products are produced

from an initial isocyanate mixture (i.e. a raw mixture) of a plurality of isomers
1,2,3,..,n

" For example, isocyanate A may be toluene diisocyanate (TDI), an isomeric

mixture of the isomers 2,4-TDI (2,4-bis-[isocyanate]benzene), 2,6-TDI (2,6-bis-
[isocyanate]benzene), 2,3-TDI and 3,4-TDI. The initial mixture may be separated
into its 1Isomers in order to achieve special high-quality product propertiés. For

instance, the initial mixture may be separated into a commercial product I with
100% 2.4-TDI, and/or a commercial product II with about 65% 2,4-TDI and about

35% 2,6-TDI. Commercial products such as these are available on the market.

Another example is isocyanate B, which may be methylene diphenyl diisocyanate -

(MDI), an isomeric mixture of the isomers 2,2'-MDI (bis- [2-isocyariato_-' '

, phenyljmethane), 2,4'-MDI (2-1socyanatophenyl)-(4-isocyanatophenyl)methane,

4,4'-MDI (bis-[4-isocyanatophenyljmethane) and other 1somers with a higher ring

number (i.e. more than 2 ring compounds).

The initial isocyanate mixture may be separated into its isomers in order to
achieve special high-quality product properties. For instance, a commefcial
product I with 100% 4,4'-MDI and a commercial product II with about 50% 2,4'-
MDI and about 50% 4 .4'-MDI, both of which are available on the market.

It is absolutely necessary that the monitoring of the isomer composition be
maximally accurate for compliance with a predetermined product speciﬁcatiOn. l
This monitoring must provide the composition as quickly as \possible, so that the
isomer system can be adjusted efficiently. Fast and maximally precise monitoring
1s particularly important since, due to the production technique, coupled products

may be generated in the isocyanate isomer production.

The previously employed methods can meet these requirements only with

significant limitations. In the offline gas-chromatographic examination, for
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example, the samples have to be taken and transported to the laboratory, where the

sample is then prepared and subsequently analysed by gas chromatography.

An alternative to gas chromatography and titration, for quantitative analysis of the
composition of substance mixtures, are the known spectroscopic methods from
the prior art. These include, for example, near-infrared (NIR) spectroscopy,

medium-infrared spectroscopy and Raman spectroscopy.

The analytical method of near-infrared (NIR) spectroscopy 1s a widespread
technique, which is used both in the laboratory and in online operation. The
combination of NIR spectroscopy with chemometric evaluation methods for
special measurement tasks is likewise known per se from the prior art as described
in, for example, DE 02139269, WO 97/41420, WO 98/29787, WO 99/31485, JP
11350368, WO 20002/0834, JP 2000146835, JP 2000298512, WO 2002/04394,
WO 2002/12969, WO 95/31709, U.S. Patent 5,707,870, U.S. Patent 5,712,481,
and WO 2000/68664.

Spectroscopic analysis techniques for determining the chemical properties of
polymers and/or physical properties of polyurethane foams, both in the laboratory
and in online operation, are known from "A review of process near infrared
spectroscopy: 1980 - 1994" (J. Workman, J. Near Infrared Spectroscopy 1, 221 -
245 (1993)). The advantages of combining optical fibers and an NIR
spectrometer, compared with using medium-ihfrared spectroscopy, are known

from Khetty. See "In-line monitoring of polymeric processes" Antec '92, 2674 -
2676. '

In order to use NIR spectroscopy in the field of quantitative determinations, the
analytical method 1s frequenﬂy used in combination with chemometric evaluation
methods. For example, it is customary to use the partial least-squares (PLS)
method in this case, as can be found and described, for example, by Raphael

Vieira in "In-line and In Situ Monitoring of Semi-Batch Emulsion
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Copolymerizations Using Near-Infrared Spectroscopy” J. Applied Polymer
Science, Vol. 84, 2670 - 2682 (2002), or byT. Rohe in "Near Infrared (NIR)
spectroscopy for in-line monitoring of polymer extrusion processes" Talanta 50

(1999) 283 — 290, or by C. Miller in “Chemometrics for on-line spectroscopy

applications - theory and practice", J. Chemometrics 2000; 14:513 - 528 and

in"Multivariate Analysis of Near-Infrared Spectra Using G-Programming
Language" J. Chem. Inf. Comput. Sci. 2000, 40, 1093 - 1100.

The use of NIR techniques for special measurement tasks is furthermore known

and described in, for example, WO 00/02035 (Determination of organic acids in

- organic polymers), U.S. Patent 5,717,209 (Spectral analysis of hydrocarbons),

U.S. Patent 6,228,650; WO 99/31485 (Monitoring the separation of chemical
components in an alkylation process with acid catalyst), U.S. Patent 6,339,222;
WO 00/68664 (Determination of ionic species in pulp liquor), and DE 10005130
A1 (Monitoring of polymer processes, determination of NCO in PU).

A review of the use of multivariate chemometric calibration models in analytical
chemistry is also provided by "Multivariate Calibration”, Jérg-Peter Conzen,
2001, ISBN 3-929431-13-0.

In the prior art, however, such spectroscopic methods are not used for isocyanate

isomer mixtures.

SUMMARY OF THE INVENTION

The invention provides an improved method for
determining the isomer composition in an isocyanate isomer mixture, and an
improved method for regulating or controlling an isocyanate isomer production

system, and also an apparatus for the production of an 1somer system.

The basis for the present invention is the surprising discovery that the absorption

spectra of isocyanate isomer mixtures differ sufficiently from one another, even



10

13

20

25

30

CA 02467281 2004-05-14

30771-302
— y —

when there are only small concentration differences and/or

individual 1somers are kept at low levels, such that one can

determine the i1somer concentrations 1n an isocyanate i1somer

mixture on the basis of measuring the spectrum of the

isocyanate isomer mixture, with the aid of a chemometric

calibration model.

In one method aspect, the i1nvention provides a

P

method to determine the 1somer composition of an isocyanate

isomer mixture, comprising: (1) recording a spectrum of the

1socyanate 1somer mixture, and (2) evaluating the spectrum
by a chemometric calibration model, thereby determining the

actual 1somer composition of the isocyanate isomer mixture.

In a further method aspect, the invention provides

a method for regulating an isocyanate isomer production
system, comprilising: (1) recording a spectrum of an
1socyanate isomer mixture, (2) evaluating the spectrum by a
chemometric calibration model to determine the actual isomer

composition of the isocyanate isomer mixture, (3) calculating

the difference between the setpoint isomer composition and

the actual i1somer composition, and (4) adjusting one or more

process parameters of the l1socyanate isomer production system

in accordance with the difference calculated in (3), thereby
enapling the production ¢f an isocyanate isomer mixture with

a setpoint isomer composition.

Iln an apparatus aspect, the invention provides an

apparatus for the production of an isomer mixture with a

setpoint isomer composition, comprising: (1) a means for

recording a spectrum of the isomer mixture, (2) a

chemometric calibration model to determine the actual isomer

composition of the isomer mixture from the spectrum recorded

in (1), (3) a means to calculate the actual difference

between the setpoint isomer composition and the actual
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isomer composition, and (4) a means for controlling one or

more process parameters of the apparatus in accordance with

the difference calculated in (3).

BRTIEF DESCRIPTION OF THE FIGURES

P

5 Figure 1 1is a flow chart of one embodiment of a

method according to the invention for determining the isomer

composition in various lsomer mixtures.

Figure 2 is a block diagram of one type of an
1somer separation system with a means for regulating or

10 controlling the 1somer separation system.

e

Figure 3 1s a block diagram of one type of an

B

isomer mixing system with a means for regulating or

controlling the 1somer mixing system.

Figure 4 shows the wvarious spectra of MDI isomers.

15 Figure 5 shows the spectra of two different MDI

isomer mixtures.

Figure & shows the differential spectrum of the

spectra as shown in Figure 5.

Figure 7 shows the various spectra of TDI isomers.

20 Figure 8 shows a calibration curve for the

determination of 2,4-TDI in 2, 6-TDI.

DETAILED DESCRIPTION OF THE INVENTION

In accordance with the method of the present

invention, the isomer composition in an isocyanate isomer
25 mixture 1s determined by (1) recording a spectrum of the
lsocyanate isomer mixture, for example by online analysis,

possibly with an optical sensor by means of near-infrared
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(NIR) spectroscopy, medium-infrared spectroscopy or Raman

spectroscopy, preferably NIR Spectroscopy. The process

further comprises (2) entering the measured spectrum 1into a

chemometric calibration model which has been set up

—"

5 previously for the mixture of these i1socyanate 1somers. The

10

isomer concentrations in the i1socyanate lsomer mixture are
obtained by evaluating the spectrum in the chemometric

calibration model. In addition, the i1somer production

system can be adjusted accordingly by comparison of the

actual concentrations of the isocyanate isomers as

calculated in this manner with the specified setpoint isomer

concentrations. The chemometric
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calibration model may, for example, be a multivariate model such as, for example,
a partial least-squares algorithm.

A particular advantage of the present invention is that the concentration
measurements can be carried out constantly, i.e. for example, at very small time
intervals. This makes it possible to regulate or control the isomer production
system within narrow ranges to yield an isocyanate 1somer mixture with a setpoint
isomer composition. In addition, the production of waste or a low product quality

can be substantially avoided in this way.

Another advantage of the present invention is that the manual taking of samples
and GC analysis are eliminated. This makes the present invention particularly

advantageous in terms of occupational safety and environmental protection.

Another added advantage of the present invention is that the spectra can be
recorded online and/or inline at one or more different positions within a complex
system, without taking any samples. Such a complex system consists, for
example, of a plurality of equipment components interconnected with one another,
such as, for example, columns or crystallizers. This allows prompt and frequent
cathering of information about the isomer concentrations. This information may
be used for manual regulation or control of one or more of the parameters of the
isomer production system, or alternatively, for continuous automatic regulation or

control of the isomer production system.

In one embodiment of the present invention, a plurality of optical sensors for
recording spectra may be arranged at different positions in an isomer production
system in order to record the spectra of various isomer mixtures. These optical
sensors may be connected, for example, via glass fibers, to a single spectrometer
which functions in multiplex operation. This minimises the investment cost.
Furthermore, sampling lines leading to an analysis instrument, which have an
inherent risk of clogging due to crystallisation and the like, are eliminated due to

this online analysis. This provides a particular advantage to the present invention,
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since such analysis lines are susceptible to problems and require extra handling of
the resulting product-analysis substance flows.

Another advantage of the present invention 1s the possibility of automatic process
management (e.g. control and/or regulation) ori the basis of the isomer
concentration information, with the concomitantly possible maintenance of an
almost constant product quality with little energy outlay and with a high yield, as

well as the consequent maximization of the isomer production system capacity.

Another specific advantage is the universal applicability of the present invention
to a wide variety of 1somer compositions in isocyanate production processes. For
example, high measurement accuracies for determination of the 1somer
concentration can be achieved with the aid of the present invention, even when
one or more of the isomers is present at very low concentrations, and also when
the mixture concentrations are roughly of equal value. For example, concentration
measurements of an isomer in an isomer mixture can be carried out with the aid of
the present invention when the concentration of the isomer is between 0.01% and
99.99%. Some preferred applications for determination of the isomer composition
in isocyanate production processes are set forth below. Preferred isomer

compositions include:
a) 0 - 40% by weight of 2,6-TDI, with the balance being 2,4-TDI;

b) 0 — 3% by weight of 2,4'-MDI, 0 - 3% by weight of 2,2'-MDI, with the balance
being 4,4'-MDI;

and

c) 40% - 70% by weight of 2,4'-MDI, 0% - 3% by weight of 2,2'-MDI, with the
balance being 4,4'-MDI.

DETAILED DESCRIPTION OF THE FIGURES

Reference will now be made to the various embodiments of the invention as
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illustrated in the figures and explained in more detail below.

Figure 1 shows a flow chart of one embodiment of a method according to the
invention for determining the isomer compdsition of various isomer mixtures.

In Figure 1, a raw isomer mixture 1s produced in a production system in step 100.
The mixture is, for example, a raw MDI mixture which may consist of three MDI
isomers, or a raw TDI mixture which may consists of up to four TDI isomers.

In step 102, one or more isomer mixtures G; which respectively have a particular
setpoint isomer composition are produced by, for example, isomer separation from
the raw isomer mixture which was produced in step 100. Thus is done 1n, for
example, an isomer separation system by means of, for example, distillation or
crystallisation. Instead of an isomer separation system, an isomer mixing system

may also be employed.

The indeﬁ i is initialised in step 104. The spectrum of the isomer mixture G; is
measured online at the output of the isomer production system in step 106. This is
done, for example, by an online NIR spectral measurement. The measurement 1s
carried out, for example, using an optical sensor which is connected to an NIR

spectrometer by means of a glass-fiber cable.

The measured NIR spectrum is spectrally analysed with the aid of a chemometric
calibration model in step 108. This provides the actual isomer composition of the
isomer mixture G; in step 110. The difference between the setpoint isomer
composition and actual values of the 1somer composition mixture G; 1s calculated
in step 112. On the basis of this difference in value, adjustment of the isomer
production system is carried out in step 114. The index 1 1s incremented in step
116, and the next spectrum is measured in step 106. This procedure is repeated
until the actual isomer composition has been determined once for all the mixtures
Gi. The index i is then reset, so that the actual isomer compositions of all the
mixtures Gj are determined continuously within relatively short time intervals, for

example, over a few minutes, and corresponding adjustments can be carried out
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promptly.

'Figure 2 is a block diagram of one type of an isomer production system with a

means of regulating or conirolling the isomer production system in accordance

with the present invention.

In particular, Figure 2 shows an isomer production system 200, specifically an
isomer separation system, which separates the incoming raw isorher mixture
entering the production system 200, into two isomer mixtures G; and G,, Each
isomer mixture G; and G, has a defined isomer concentration. Isomer mixture Gy
is obtained in the bottom region 202 of the distillative isomer separation system
200, and isomer mixture G; is obtained in the head region 204 of the isomer

separation system 200,

An optical measurement cell 206 is arranged at least at the output of the bottom
region 202 of the isomer separation system 200. The measurement cell 206
contains an NIR sensor and may, for example, be designed with the "Pressure-
tight pfbces’s window" claimed in WO 00/58711. Optical measurement cell
206 provides analytical information from the bottom region 202 of the isomer
separation system 200 about isomer mixture G;. The measurement cell 206 is
preferably 6onnected to a spectrometer 210 via an optical fiber 208 or other
Suitable means. The spectrometer 210 provides a spectrum of isomer mixture G;,
which is entered into a chemometric calibration model 212. The chemometric
calibration model 212 may be formed using a separate evaluation unit such as, for
example, a commercially available PC. Alternatively, the spectrometer 210 itself

may contain such an evaluation unit for the spectrum.

As a result of the analysis of the measured spectrum, the chemometric calibration
model 212 provides the actual composition of the isomer mixture Gj. This actual
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composition is entered into a controller 214, together with the setpoint isomer
composition of the isomer mixture G;. The difference between the actual isomer
composition of Gj and the setpoint isomer composition of G 1s calculated. From
this difference, the controller 214 determines a manipulated variable for adjusting

the 1somer production system 200.

[t is not absolutely necessary to measure the spectrum of the mixture G; in the
embodiment of Figure 2, since the isomer concentrations in the mixture G; are
readily determined from the known concentrations in the raw isomer mixture
entering the isomer separation system 200 and the actual composition of the

mixture Gj in the bottom region 202 of the isomer separation system 200.

In an optional embodiment (not shown in Figure 2), there may be other sensors
206, which are in turn connected to the spectrometer 210 via suitable means such
as other optical fibers 208. These other sensors 206 may be arranged at various
positions within the isomer separation system 200, such as, for example, at
various columns (also not shown) within the separation system 200. The
spectrometer 210 is then operated in multiplex, as are the chemometric calibration
model 212 and the controller 214. These other sensors permit the measurement of
isomer mixture G, at various positions in the 1somer separation system 200, and
the generation of corresponding spectra. In this embodiment, it 1s preferred that
these sensors are located at positions such that measurements are provided for the

inputs, inside the separation equipment, and/or in an isolated fraction.

The raw isomer mixture is, for example, a raw monomer mixture of MDI which

consists of the three isomers 2,4'-MD], 2.2'-MDI and 4.,4'-MDI.

The controller 214 may be formed by a process management system of the isomer
separation system 200. Alternatively, it is also possible to display the
measurement results, for example on a display unit of a control panel (not shown)

of the isomer separation system 200, so that the isomer separation system 200 can
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be adjusted manually.

Figure 3 is a block diagram of another type of an isomer production system,

specifically an isomer mixing system, with a suitable means for regulating or

controlling the isomer production system.

Figure 3 illustrates an isomer mixing system 216 with one possible embodiment
of the means for regulation of the system in accordance with the present invention.
In Figure 3, the elements of the isomer mixing system 216 which correspond to
the elements of the isomer separation system 200 of Figure 2 are labelled with the
same reference numbers as in Figure2. The isomer mixing system 216 1s used for
the production of an isomer mixture, having a particular setpoint 1somer
composition, from a blend of various isomers. A spectrum of the isomer mixture
produced in the isomer mixing system 216 is determined by means of the
measurement cell 206, which is connected to a spectrometer 210 via an optical
fiber 208 or other suitable means. This spectrum is entered into a chemometric
multivariate calibration model 212. As a result of the analysis of the measured
spectrum, the chemometric calibration model 212 provides the actual isomer
composition of the isomer mixture in isomer mixing system 216. This actual
isomer composition is entered into a controller 214, together with the setpoint
isomer composition of the isomer mixture. From the calculated difference
between the actual isomer composition and the setpoint isomer composition, the
controller 214 determines a manipulated variable which is used to adjust or

regulate the isomer mixing system 216.

In order to produce the isomer mixture, two Or more pure 1SOmMers Or 1Somer
mixtures g;, g, ... are delivered to the isomer mixing system 216. These may, for
example, be pure TDI isomers and/or TDI isomer mixtures, or, for example, pure
MDI isomers and/or MDI isomer mixture, etc.. In order to monitor the
compositions of the isomers or isomer mixtures gi, g2, ...,0ne or more other

measurement cells 206 which are likewise connected to the spectrometer 210 may
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- respectively be arranged at the corresponding inputs of the 1somer mixing sys_tem

in order to monitor the actual compositions of the initial substances g;, g2, e
Figure 4 illustrates the various spectra of MDI isomers. In particular, Figure 4
shows examples of the corresponding spectra for the different isomers of MDI.

Specifically, the spectrum 300 represents pure 4,4'-MDI, the spectrum 302

‘ represents pure 2,4'-MDI and the spectrum 304 represents pure 2,2'-MDI. As seen
~ in Figure 4, these spectrum 300, 302, 304 are similar. '

Figure 5 illustrates the spectra of two different MDI isomer mixtures. More

specifically, the spectrum 400 represents an isomer mixture

- comprising 0.34% of 2,4'-MDI in 4,4'-MDI. A mixture such as this can be

obtained, for example, as a mixture G from the bottom region 202 of the isomer
separation system 200 (cf. Figure 1). Figure S also shows the spectrum 402 of an
isomer mixture comprising 2.12% of 2,4'-MDI in 4,4'-MDI. As can be seen from

Figure 4, the spectra of these isomer mixtures are almost identical.

Figure 6 shows the differential spectrum of the spectra set forth in F iguie S.
Specifically, Figure 6 shows the differential spectrum of the spectra 402 and 400

- in Figure 5. It is preferred that only the frequency ranges 502 and/or 5S04 and/ or

506 shown in Figure 6 are used for evaluation in the multivariate calibration
model .212 (cf. Figure 2). Preferred frequency ranges for evaluation of the
spectrum include, for example, the frequency ranges 5000 to 7000 cm™, and
preferably 6250 to 6080 cm™ or 5840 to 5650 cm™. Isomer concentrations in an
isomer mixture which are in the range, for example, from 0.01% to 99.99%, can
be determined in this manner with an accuracy of better than 0.1% in absolute
terms. Therefore, controller intervention can take place even with a setpoint
difference of only 0.1%. The setpoint difference is the difference between the
setpoint isomer composition and the actual isomer composition as measured. This
ensures an almost constant product quality at any time, and particularly when the

regulation or control of the isomer production system is fully automatic.
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The absorption spectra are processed either as original spectra or as first-, second-
or higher-derivative spectra. It 1s preferred that the first-derivative spectra are

processed.
Figure 7 illustrates various spectra of TDI 1somers.
In particular, Figure 7 shows the spectra which correspond to various mixtures of

2,4-TDI and 2,6-TDI. The spectrum 700 is obtained for an isomer mixture
comprising 67% of 2,4-TDI with the balance being 2,6-TDI; the spectrum 702 is

- obtained fdr an isomer mixture comprising 81% of 2,4-TDI with the balance

- being 2,6-TDI; the spectrum 704 is obtained for an isomer mixture having a

concentration > 99.5% of 2,4-TDI with the balance being 2,6-TDI. As seen in
Figure 7, the spectra 700, 702 and 704 are very similar. The presentinvention

~ nevertheless makes it possible for even small concentration differences to be

accurately determined.

Figure 8 shows the calibration curve for determination of 2,4-TDI in 2,6-TDL. It
can be seen from this that highly accurate quantitative analysis is possible, in spite
of the similarity of the spectra as seen in Figure 7. Preferred frequency ranges for

evaluation of the spectrum are the fiequency ranges 4500 to 9000 cm™, and
preferably 5610 to 6220 cm” and 5240 to 5840 cm™. '

[ ist of references used in the figures:

isomer separation system 200
bottom region ' 202
head region | 204
measurement cell 206
optical fiber 208
spectra | 210
chemometric calibration model 212

controller/regulator 214
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Isomer mixing system 216
4.4'-MDI spectrum 300
2.4'-MDI spectrum 302

- 2,2'-MDI spectrum 304
spectrum 400
spectrum 402
spectrum 500
frequency range 502
frequency range 504
frequency range 506
spectrum 700
spectrum - 702
spectrum | 704

Although the invention has been described in detail in the foregoing for the purpose
of illustration, it is to be understood that such detail is solely for that purpose and that
variations can be made therein by those skilled in the art without departing from the

spirit and scope of the invention except as it may be limited by the claims.
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WHAT IS CLAIMED IS:

1. A method to determine the 1somer composition of an 1socyanate

iIsomer mixture, comprising:

(1) recording a spectrum of the isocyanate isomer mixture,

and

(2)  evaluating the spectrum by a chemometric calibration model,
thereby determining the actual isomer composition of the isocyanate 1somer
mixture.

2. The method of Claim 1, wherein the i1socyanate isomer mixture
comprises an aromatic 1socyanate isomer mixture.

3. The method of Claim 2, wherein the aromatic 1socyanate 1s
selected from the group consisting of naphthylene diisocyanate, xylylene
diisocyanate, methylene diphenyl diisocyanate and toluene diisocyanate.

4, The method of Claim 1, wherein the spectrum is a near-infrared
(NIR) spectrum, a medium-infrared spectrum or a Raman spectrum.

5. The method of Claim 1, wherein the recording of the spectrum
occurs online or inline, without taking samples.

6. The method of Claim 1, additionally comprising
(3) adjusting the composition of the isocyanate isomer mixture based on the

actual isomer composition of the isocyanate isomer mixture as calculated

by the chemometric calibration model.

7. The method of Claim 6, wherein (3) adjusting of the composition 1s
performed manually or automatically. -

8. The method of Claim 1, wherein the isomer concentrations present
in the isocyanate isomer mixture are in the range from 0.01% to 99.99%.

9, The method of Claim 1, wherein the chemometric calibration
model in (2) comprises a partial least-squares method.

10.  The method of Claim 1, wherein the isocyanate isomer mixture
comprises a mixture of 1somers of methylene diphenyl diisocyanate, and

evaluating the spectra of the mixture of isomers of MDI in the chemometric

calibration model in a frequency range of 5000 to 7000 cm™.
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11.  The method of Claim 10, wherein the frequency range is selected
from the group consisting of 6250 to 6080 cm™, 5840 to 5650 cm™ and a
combination of the frequency ranges of 6250 to 6080 cm™ and of 5840 to 5650

cm.

12.  The method of Claim 1, wherein the isocyanate isomer mixture
comprises a mixture of isomers of toluene diisocyanate, and evaluating the spectra
of the mixture of isomers of TDI in the chemometric calibration model in a
frequency range of 4500 - 9000 cm™.

13.  The method of Claim 12, wherein the frequency range is selected
from the group consisting of 5610 to 6220 cm™, 5240 to 5480 cm™. and a
combination of the frequency ranges of 5610 to 6220 cm™ and 5240 to 5480 cm’.

14. A method for regulating an 1socyanate isomer production system,
comprising:

(1) recording a spectrum of an isocyanate isomer mixture,

(2) evaluating the spectrum by a chemometric calibration model to determine
the actual 1somer composition of the isocyanate isomer mixture,

(3) calculating the difference between the setpoint isomer composition and the
actﬁal isomer composition,

and

(4)  adjusting one or more process parameters of the 1socyanate isomer
production system in accordance with the difference calculated in (3),

thereby enabling the production of an isocyanate isomer mixture with a setpoint

1somer composition.

15. The method of Claim 14, wherein the isocyanate isomer mixture in

(1) 1s formed by distillation or crystallisation in the isocyanate isomer production

system.

16. The method of Claim 14, wherein the isocyanate isomer mixture

comprises an aromatic isocyanate isomer mixture,
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17. The method of Claim 16, wherein said aromatic 1somer is selected
from the group consisting of methylene diphenyl diisocyanate (MDI) and toluene
diisocyanate (TDI).

18.  The method of Claim 14, wherein recording of the spectrum is by
means of one or more optical sénsors.

19.  The method of Claim 14, wherein recording of the spectrum is by
means of near-infrared (NIR) spectroscopy, medium-infrared spectroscopy or
Raman spectroscopy.

20.  The method of Claim 14, wherein the recording of the spectrum
occurs online or inline. .

21.  An apparatus for the production of an 1somer mixture with a
setpoint isomer composition, comprising
(1) a méans (206, 208, 210) for recording a spectrum of the isomer mixture,
(2) a chemometric calibration model (212) to determine the actual isomer

composition of the isomer mixture from the spectrum recorded 1n (1),

(3)  ameans (204) to calculate the actual difference between the setpoint
isomer composition and the actual isomer composition,

and

(4)  ameans (214) for controlling one or more process parameters of the

apparatus in accordance with the difference calculated 1n (3).

22.  The apparatus of Claim 21, additionally comprising a means for
separating the isomer mixture in the apparatus, or a means for mixing two or more
isomer compositions upon entering the apparatus.

23.  The apparatus of Claim 21, wherein the i1somer mixture is
separated upon entering the apparatus by distillation or crystallisation before steps
(1) - (4).

24,  The apparatus of Claim 21, wherein the isomer mixture comprises

an isocyanate isomer mixture.

25.  The apparatus of Claim 24, wherein the 1socyanate isomer mixture

comprises an aromatic isocyanate isomer mixture.
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26.  The apparatus of Claim 24, wherein the aromatic 1socyanate 1somer
mixture is selected from the group consisting of methylene diphenyl diisocyanate
(MD)]) and toluylene diisocyanate (1DI).

27.  The apparatus of Claim 21, wherein the means for recording a

spectrum is selected from the group consisting of one or more optical sensors

(206), near-infrared (NIR) spectroscopy, medium-infrared spectroscopy and
Raman spectroscopy.

28.  The apparatus of Claim 21, wherein the means for recording the

spectrum is online or inline.

Fetherstonhaugh
Ottawa, Canada
Patent Agents
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