METHOD AND APPARATUS FOR SPECTROSCOPI C ANALYSI S The
present invention relates to the field of
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components, particularly components that interact through hydrogen bonding, can suffer
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from poor resolution due to broadening of the NIR absorption bands, which can limit the
accuracy of any parameters calculated therefrom.

An on-line mass-spectrometer has been previously described in The Analyst, 1998,
vol 123, pp343-348, wherein the vapourisation of a liquid sample for feeding to a mass
spectrometer using a heated capillary tube and a feed of helium carrier gas is described.
Additionally, RU 336563 describes an apparatus for creating micro-concentrations of
vapourised liquids in a carrier gas by means of a liquid-filled capillary tube fitted with a

wick.
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transfer liquid sample into the inlet and to vapourise the liquid sample.

The apparatus of the present invention comprises an analysis chamber having an
inlet and an outlet. The analysis chamber and the inlet are adapted such that, in use, the
liquid sample is vapourised in the inlet, and maintained in the gas-phase within the inlet
and analysis chamber. At least a portion of the inlet is adapted so that, in use, liquid
sample is drawn into the inlet through capillary action. In a preferred embodiment, this is
achieved by means of a porous mass, the surface area of which porous mass is greater than

the surface area of the inner walls of the portion of the inlet in which it is contained. Thus,



The apparatus of the present invention conprises an

anal ysi s chanber having an inlet and an outlet. The
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in use, the liquid sanple is vapourised in the inlet,

and mai ntained in the gas-phase within the inlet and

anal ysis chanber. At least a portion of the inlet is

adapted so that, in use, liquid sanple is drawn into
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Electromagnetic radiation can enter and leave the ana1‘3/sis chamber. The analysis
chamber preferably has windows that are transparent, or at least partially transparent, to the
frequencies of electromagnetic radiation that are used for obtaining the electromagnetic
radiation spectrum. In a preferred embodiment of the invention, in which the apparatus is
suitable for collecting a NIR spectrum, the analysis chamber has one or more vﬁndows

made of a NIR transparent material such as quartz or sapphire. Sapphire is preferred due



the inlet and anal ysis chanber may each have separate
heaters. The heaters are capable of heating the inlet
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vapouri sation tenperature of the liquid sanple. In one
enbodi nent of the invention, the analysis chanber is
heated by an electrical trace heating nmeans, while the
inlet is surrounded by a heatable netal bl ock.
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contigh, RidFekr& dhBbdiMent of the present invention, the apparatus additionally

comprises an inlet for a pressurising gas, preferably an inert gas such as nitrogen, argon or
helium. This can reduce the possibility of a back-flow of liquid from the outlet into the
analysis chamber when the apparatus is in use.

The apparatus of the present invention may be used in a process for the collection
ofa gas-phase electromagnetic radiation spectrum of a liquid sample. Thus, according to a
second aspect of the present invention, there is provided a method for obtaining the gas-
phase electromagnetic radiation spectrum of a liquid sample, comprising the steps of;

(2) feeding a liquid sample to the inlet of an apparatus comprising an analysis

chamber having an inlet and an outlet, in which the liquid sample is drawn into the inlet



sanpl e, such as a storage tank or a transfer I|ine.
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liquid sanple entering the apparatus is returned to
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QL 8 §§ g?q;g Q%ééqp%u?igeegn%néxaiha\i/netrﬁg Iliglgidps;x%];fer i?l %|1€y ga\es%aggi The'tnlet and
analysis chamber are both maintained at a temperature at or above the vapourisation
temperature of the liquid sample, and above the dew point of the vapourised liquid sample.
This is preferably achieved by heating the inlet and analysis chamber. Although they may
both be heated using a single, shared heater, optionally the inlet and analysis chamber are
heated independently by separately controlled heaters. Suitably, the analysis chamber and
inlet are each maintained at a temperature in the range from 50 to 600°C, preferably from
100 to 300°C.

The process may operate at atmospheric pressure, higher than atmospheric
pressure, or lower than atmospheric pressure depending on the nature of the liquid sample
or the éonditions in the conduit or vessel in which the liquid sample is contained prior to
the spectroscopic analysis. In one embodiment of the present invention, the apparatus is
maintained at a higher pressure than the source of liquid sample, which reduces the chance

of a back-flow of liqﬁid sample from the outlet into the analysis chamber of the apparatus.
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connected to a source of the liquid sanple to be
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containing the liquid sanple. Optionally and

preferably, the outlet is also connected to the source

of liquid sanple to reduce the necessity for disposal

of the analysed |iquid sanple. Optionally, the
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compasititinopidke vappuriged liquid sample. Concentrations of components in the
vapourised liquid sample may be determined, for example, by comparison of the relevant
peak areas of the NIR spectrum, or by comparing the NIR spectrum with a database of
known standards using a computer programmed to perform multivariate statistical analysis
techniques, such as partial least squares regression.

Detection limits of components within the liquid sample are generally improved by
increasing the signal to noise ratio of the obtained NIR spectrum. Thus, increasing the
number of scans over which an averaged spectrum may be obtained will generally increase

the signal to noise ratio, and may also assist in improving spectral resolution. In one



used to collect an el ectromagnetic spectrum
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Preferably, the low concentration component is water. Even more preferably, the liquid
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sample comprises predominantly acetic acid containing a low concentration of water, such
as less than 1wt% water.

The frequencies of electromagnetic radiation used will be dependent on the
components of the liquid sample. A preferred frequency range for an acetic acid/water
mixture, for example, would be from 7500 to 5000 cm™.

The invention will now be illustrated by the following non-limiting example, with
reference to the figures, in which;

Figure 1 is a schematic view of an apparatus according to the present invention.
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Figure 2 illustrates the possible paths taken by a liquid sample during a process
according to the present invention using an apparatus according to the present invention.
Heavy-lined arrows correspond to the paths of liquid-phase sample, and dashed arrows
correspond to paths of vapourised sample. Heaters, lagging, the spectrometer and fibre
optic cables and lenses have been omitted for clarity.

A liquid sample 20, taken from a conduit or vessel 21 which contains the liquid for
analysis 22, flows through open valve 23 where it either contacts a bundle of glass fibres 2
in inlet 1, or proceeds through by-pass conduit 24. Liquid sample contacting the bundle of
glass fibres 2 is drawn into heated inlet 1 by capillary action, wherein it is vapourised. The

vapourised liquid sample 25 enters heated analysis chamber 4, wherein it is irradiated by



liquid sanple in a process according to the present

i nvention through an apparatus according to the
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wat er content of a purified acetic acid product stream

versus tinme as obtained by a process according to the

present invention with an apparatus according to the

present invention. Figures 4a and 4b are NIR spectra
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whi NchmchaMmmth hérefueneyof from 10000 cm™ Tto 4000 cm " was produced by a
quartz halogen lamp from a Bomen MB160 FTIR spectrometer, which was also equipped
with a thermoelectric cooled InAs detector. Silica fibre optic cables were used to direct
NIR radiation to and from the analysis chamber. Data were collected at a resolution of 2
cm’!. A personal computer was used to calculate the water concentration of the vapourised
sample by comparison of the NIR spectrum with a database of known standards using
partial least squares regression analysis.

The water content of the acetic acid product stream was monitored over a period of
about 67 hours. A plot of the water content (in wt%) versus time calculated from the NIR
spectra are shown in figures 3a and 3b. From figure 3a, it can be seen that the precision of
the measurements is approximately + 25 ppm, corresponding to a minimum detection limit

of approximately 100 ppm. This is lower than the limit obtainable from a corresponding



anal ysis 22, flows through open valve 23 where it
either contacts a bundle of glass fibres 2 in inlet 1,

wa@eoopneseeds t hrough by-pass conduit 24. Li qui BCHEBRI06/004295
contacting the bundle of glass fibres 2 is drawn into
heated inlet 1 by capillary action, wherein it is
vapouri sed. The vapourised |iquid sanple 25 enters
heat ed anal ysis chanmber 4 wherein it is irradiated

. by i &b ( v ' [FTeTHY
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back into the conduit or vessel 2 1 fromwhich it was
originally taken. A source of pressurising gas 28 is
supplied to analysis chanmber 4 through inlet 29 in
order to maintain the analysis chanber, inlet and
outl et at a higher pressure than the liquid 22 in
conduit or vessel 21. Exanple An apparatus as
illustrated in Figures 1 and 2 was used to obtain,
on-line, the water content of a purified acetic acid
product stream produced by a nethanol carbonyl ation
pil ot plant, based on the iridiumcatal ysed process
described in Sunley & Watson, Catal ysis Today, 58,
2000, pp293-307, which process conprises a reactor, a
flash separation zone, and a purification zone
conprising a conbined |ight ends/drying colum and a
heavy ends colum. In this exanple, the purified
acetic acid product streamextracted fromthe heavy
ends colum of the pilot plant had a flow rate of
approximately 67g/ mn and a pressure of 1.4 barg (240
kPa). The inlet and anal ysis chanber were both heated
i ndependently to 1800C. Acetic acid was drawn into the
anal ysis chanber at a rate of from0.3 to 1.0 g/mn,
resulting in a flow rate of vapourised acetic acid at
arate of from0.2 to 0.7 cnis. N trogen was used as
the pressurising gas. NIR radiation with a frequency
of from 10000 cm1 to 4000 cm'l was produced by a
guartz hal ogen lanp froma Bonen MB160 FTIR
spectroneter, which was al so equi pped with a
t hernoel ectric cooled InAs detector. Silica fibre
optic cables were used to direct NIR radiation to and
fromthe anal ysis chanber. Data were collected at a
resolution of 2 cm1. A personal conputer was used to
cal cul ate the water concentration of the vapourised
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sanpl e by conparison of the NIR spectrumw th a
dat abase of known standards using partial |east
WG uWanes9s egr essi on anal ysis. The wat er cont eneCDEGBRIVE/004295
acetic acid product streamwas nonitored over a period
of about 67 hours. A plot of the water content (in
wt% versus tine calculated fromthe NIR spectra are
shown in figures 3a and 3b. Fromfigure 3a, it can be
Cladgen that the precision of the nmeasurenents is
— approximately 25 ppm corresponding to a m ni num
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inﬁ?ﬁ%d%ﬁﬁaﬁdﬂ. et and anal ysi s chanber being adapted such
at, rtnuse, liquid sanple is drawn into the inlet

3. t hrAwappacatps 49 daiyneddh claim drod claim Gyini whidh thleastiamportidneof the

. ., vapourised |liquid sanple peing nmaintained in_the X
inlef GRS & BORGPE FR RAYED hiEIACH A EHBISK ARy F SVTEASA fsgyof the inner
wall of i FUFREH BF e iASt inlvHiPER id ddnfdiddm 1, in which the

el ectronagnetic radiation is near infrared radiation.
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whi.ch at | t. ti f t i.nl et taj
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inlet in which it is contained. 4. An apparatus as

5. cl ahwepparaug ps¢langd in glajgh dcin wiieh fhemetersmaass comppisdsvag or
n -1. : [;Sl.N d of
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6. OneAphbppHpatas hd dlaigned ineladh iSainswhich tRPdrouBmdass ROMPtises silica
bl ock such as a nonolith. 5. An apparatus as cl ai ned
fibleh claim 4, in which the por ous mass conpri ses one or

i QUBEL S . _ P _
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anabysisashamber axe hedted.med in claim5, in which the porous

8. rmsgn %Sp BtuS &5 clg.i'nllédclg alf’l}ll grrleegf the preceding claims, in which the outlet is

unheated.

9. An apparatus as claimed in any one of claims 1 to 8, in which the analysis chamber
comprises one or more windows that are transparent to the frequencies of electromagnetic
radiation that are used for obtaining the electromagnetic radiation spectrum.

10.  Anapparatus as claimed in claim 9, in which the windows of the analysis chamber
are made of sapphire or quartz.

11.  An apparatus as claimed in claim 10, in which the windows of the analysis chamber
are made of sapphire.

12.  An apparatus as claimed in any one of the preceding claims, which additionally

comprises an inlet for a pressurising gas.
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7. An apparatus as clained in any one of the preceding
.clainms, in which the inlet and anal ysis chanber are
whearmen398. An apparatus as clainmed in any onePOf/GBR@6/004295
preceding clains, in which the outlet is unheated. 9.
An apparatus as clainmed in any one of clains 1 to 8,
in which the anal ysis chanber conprises one or nore
wi ndows that are transparent to the frequencies of
13. el esnfcABDde bbiainimeiha hePphdsh lecdBagifedd rddaticpRéti 8f a
. the el ectromagnetic radiation spectrum 10. An
liquihprample. pompsisingdho@taps of: cl aim 9, in which the w ndows

of nal ys a ' . .
quaP] e i5lRy SUEER @5 el R o AP B an ppatysis
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sapphire. 12. An_apparatus as clainmed i n any one of
thrqug caﬁlﬁ dicHen ardhyaRoUrisHd| tﬁﬁ@l&d&b&%ﬁﬁ?weg SHpid; sempleppsses
st I%RH{ ssurising gas.13. A nethod for
1nkg@%§?% %%Ct eegas-phase el ectromagneti c radi ati on
sped) dinentinfz oae lor gorelfrs@epties oLaleqtronsignetid fadiasibe fxsto dife; analysis

feeding a liquid sanple to the inlet of an '

diffar at us conprising an analysis chanmber having an
i nl @Y daBdindbne'\ek ke fregueﬁbieg Bf é18&rdndprbtlc HATHROR tlaRsmitted
drawn into the inlet through capillary action and
thrangh end/os emitieddyshe vaprisesd Noudsaniple th the qoalysis alqghleer by a
daﬁ%$ses into the analysis chanber; (b) directing one or

cha

Ta frequencies of electromagnetic radiation into the

anafdy phssinghBed&ourib€d ligled sahple Gofibe @halp®§ Ehamber to the sample
frequencies of electromagnetic radiation transmtted
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characteristics of the vapourised |liquid sanple from
(©)t he one or nore frequencies of el ectromagnetic

14." adh3hdiREY ALGS5 4RI Biirh 18, HSHBAT @E apPardtiusBomprising an analysis
chamber having an inlet and an outlet is an apparatus according to any one of claims 1 to
12. -

15. A method as claimed in claim 13 or claim 14, in which the electromagnetic
radiation is near-infrared radiation.

16. A method as claimed in any one of claims 13 to 15, in which the apparatus is
attached to a process conduit or vessel which contains the liquid sample.

17. A method as claimed in any one of claims 13 to 16, in which the liquid sample
comprises components that interact through hydrogen bonding.

18. A method as claimed in any one of claims 13 to 17, in which the liquid sample
comprises predominantly acetic acid containing less than 1wt% of water.

19. A method as claimed in any one of claims 15 to 18, in which the near-infrared
spectrum is obtained using Fourier Transform spectroscopy or Fabrey-Perot
interferometry.

20. A method as claimed in any one of claims 13 to 19, in which the inlet and analysis

chamber are each heated to a temperature of from 100 to 300°C.
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(©. 14. A nethod as clained in claim13, in which the
apparatus conprising an anal ysis chanber having an

Wo pdogeepgl an outlet is an apparatus accordi ngPE€DGBAY6/004295
one of clains 1 to 12. 15. A nethod as clained in
claim13 or claim 14, in which the el ectromagnetic
radiation is near-infrared radiation. 16. A nethod as
claimed in any one of clainms 13 to 15, in which the
apparatus is attached to a process conduit or vesse

which contains the liquid sanple. 17. A nethod as
21.cl ah methadasaiaimed én aniy oleaifickhing 13 to 2G i m wlmchamhent lgas is fed to

the pR S O R g TR ROHEh B DRl theanalyss

chaib¥r.One of cl ai ns 13 to 17, in which the liquid sanple
conpri ses predom nantly acetic acid containing | ess
than Iwt% of water. 19. A nethod as clainmed in any one
of clainms 15 to 18, in which the near-infrared
spectrumis obtained using Fourier Transform
spectroscopy or Fabrey-Perot interferonetry. 20. A
nmet hod as clained in any one of clains 13 to 19, in
which the inlet and anal ysis chanber are each heated
to a tenperature of from 100 to 3000C. 2 1. A nmethod as
clainmed in any one of clains 13 to 20, in which an
inert gas is fed to the apparatus at a pressure
sufficient to prevent backflow fromthe outlet into
t he anal ysi s chanber.
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