Description

Flow apparatus for a spectrometer system and method for

operating same

The invention relates to a flow apparatus for a spectrometer
system according to the preamble of claim 1 and to a method

for operating such a flow apparatus.

Spectroscopy is a non-destructive method of material analysis,
which operates with light with a wavelength of typically
between 1 and 500,000 nm. Spectroscopy is primarily applied
for the quantitative determination of known substances, their
identification, for process control and monitoring and quality
assurance. A spectroscopic measuring set-up contains a
spectrometer to separate and measure the various light
components and a measuring head for optical coupling to the
sample. Depending on the measuring method, a light source is
also required. Nowadays either immersion probes or flow cells
are used in chemistry laboratories or in industrial processes

to measure the substances or properties of liquid samples.

It is the object of the present invention to enable one and
the same spectrometer system to be used for a plurality of
various samples with different optical and mechanical

properties.

This object is achieved in accordance with the invention by an
apparatus and by a method according to the independent claims.
Advantageous embodiments result from the dependent claims, the

description and the figures.

An inventive flow apparatus for a spectrometer system has a
first optics element that is optically coupleable to a
spectrometer and a second optics element that is coupleable to

a light source, which are arranged at a distance from one
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another in the region of a measurement gap through which a
liquid can flow, wherein in the region of this measurement gap
a light beam emerging from the second optics element and
reaching the first optics element is at least partly
absorbable by the ligquid. In order to be able to use a
spectrometer system equipped with an inventive flow apparatus
with a plurality of different samples, an amount of the liquid
flowing through the measurement gap can be influenced by a
change in the distance between the two optics elements. The
distance between the optics elements can in particular be
changed both by a movement of one of the two optics elements

or a movement of both optics elements.

This is advantageous in that an adjustment of the measurement
gap to the best light efficiency from a spectroscopic point of
view is enabled. Both dark and viscous substances such as
lubricating o0il, marine diesel fuel or emulsions such as milk
and also highly fluid and light-colored samples and other
process solutions can be measured with one and the same

system.

In an advantageous embodiment, provision is made that in order
to adjust the distance between the two optics elements during
ongoilng operation, the distance between the two optics
elements can be controlled. The size of the measurement gap
can thus be controlled during a measurement, so that from a
spectroscopic point of view best light efficiency can be set.
This is advantageous in that the already mentioned different
substances can be measured without process interruption. The
flow apparatus can thus in particular also be adjusted to

inhomogeneities in the sample substance.

Provision is made in particular for the distance between the

two optics elements to be controllable with a micrometer screw
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or hydraulically. This is advantageous in that the distance
can be set very accurately and the various properties of
different sample liquids can thus be effectively taken into

account in fine gradations.

Provision is made in a further embodiment for a control
facility to be present, with which the distance between the
two optics elements can be automatically increased or
decreased in size as a function of a light intensity which can
be measured by a measuring facility which is optically coupled
to the first optics element. Therefore depending on the light
intensity which is measured in particular on the spectrometer,
the bottleneck, in other words the measurement gap, in the
flow apparatus is automatically constricted or enlarged. This
is advantageous in that different liquids can not only be
measured without process interruption with one and the same
system, but instead the flow apparatus also remains
metrologically flexible with respect to desired process

fluctuations.

In a preferred embodiment, provision is made for a bypass
system to be part of the flow apparatus, by means of which a
further liquid can be introduced into the measurement gap as a
reference liquid. This is advantageous in that a reference
spectrum, which is basically required for each position or
each distance of the optics elements in order to evaluate
data, need not be read out of a database but can instead be
measured in situ in each case. A new reference spectrum can
therefore be recorded for each new position of the optics
elements, in that said reference liquid is firstly examined

after a change in the size of the measurement gap.

Provision can further be made here for the bypass system to be

configured, during operation, to firstly automatically



introduce a cleaning fluid and then, subsequently, the
reference liquid into the measurement gap. This is
advantageous in that the reference spectrum can be recorded
particularly reliably, since residues from other liquids

falsifying the reference spectrum are ruled out.

In a further embodiment, provision is made for the flow
apparatus to be substantially formed in a tubular manner. In
particular, it can assume the shape of a capillary tube. This
is advantageous in that the flow apparatus can be easily
connected to existing attachments and is easy to clean. In
particular, in the case of an implementation as a capillary
tube it is possible if applicable, thanks to the capillary
effect, to dispense with a pump or suchlike. An adjustment of
the size of the measurement gap to sample properties is
particularly advantageous here, since the respectively
different properties of various samples can thus be taken into

account in respect of the capillary effect.

In a particularly advantageous embodiment, provision is made
for at least one elastic membrane, in particular a very
significantly elastic and/or deformable membrane, to be
arranged between the assigned optics element and an internal
wall region of the flow apparatus. Here the membrane deforms
with a change in the distance between the two optics elements,
so that it forms a bottleneck with the optics elements, in
other words the measurement gap. The selection of the
material, from which the membrane is to be produced, is free
here except for the requirements for elasticity and/or
deformability and can be selected in a process-specific
manner, in particular as a polymer membrane or as a mixed
matrix membrane. The material of the membrane 1is preferably
selected here such that it is resilient compared with the

liquids or individual components of these liquids to be
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examined, in other words it is not chemically attacked by
these, nor by any cleaning agents used. This is advantageous
in that the membrane can be used to prevent a possible
collection of solid particles, as occurs in inhomogeneous
liquids, on the optical elements in the flow apparatus. The
cleaning of the flow apparatus, in other words the flow cell,
is also significantly simplified by the use of the membrane.
On the one hand, the membrane namely seals the system from
leakages, on the other hand it is so elastic that with the
maximum distance between the optics elements, a strong
through-flow of liquid through the measurement gap and thus
the flow cell is possible. This dispenses with a problematic
cleaning of edges, which are disposed inside the standard flow
cells. Moreover, use of the membrane prevents the formation of
vortices at the bottleneck in the liquid flow realized by the
measurement gap and as a result the flow of the process

liguids remains laminar over a larger area.

Similarly part of the invention is a method for operating such
a flow apparatus for a spectrometer system, wherein an amount
of the liquid flowing through the measurement gap is
influenced by a change in the distance between the two optics
elements for instance. This results in the described

advantages.

Further features of the invention result from the description
below of preferred exemplary embodiments of the invention, and

on the basis of the figures, in which;

FIG 1 shows a schematic representation of an exemplary flow

apparatus according to an embodiment of the invention;

FIG 2 shows a schematic representation of a further exemplary

flow apparatus in one embodiment of the invention;
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FIG 3 shows a schematic representation of an additional
exemplary flow apparatus in one embodiment of the

invention; and

FIG 4 shows a schematic representation of the membrane shown

in FIG 3

Similar or functionally similar elements are provided with the

same reference characters in the figures.

A flow apparatus 1 is shown in Fig. 1. A liquid 8 flows here
along a number of wall regions 12 and through a measurement
gap 6 which is formed by two optics elements 2, 3 which are
arranged at a distance 10 from one another. Turbulences form
here in two regions 9 adjacent to the measurement gap. The
optics elements 2, 3 can be moved here in parallel to the
drawing plane, so that they can be changed in terms of their
distance 10. The size of the measurement gap 6 can be changed
as a result and the quantity of liquid 8, which can flow
through the measurement gap 6 during a predetermined time, can
thus be changed by a change in the distance 10 between the two

optics elements 2, 3.

During operation of the flow apparatus, the liquid 8 now flows
through the measurement gap 6 and at least partially absorbs
light there which emerges from the second optics element 3.
Only a certain portion of the light emerging from the second
optics element 3 thus reaches the first optics element 2, said
light portion being reduced in terms of its spectrum. If the
flow apparatus 1 is now used for another liquid 8, either too
much or too little light may be absorbed in the measurement
gap 6 with the distance 10 set for the preceding liquid 8. If
too much light is absorbed, in other words there is a
significantly darker liquid for instance, the distance 10 must

be reduced so that it is possible to draw conclusions from the
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light reaching the first optics element 2 as to the properties
of the liquid 8. However if this is a very highly fluid,
largely transparent liquid 8, the measurement gap 6 must be
enlarged so that the quantity of liquid 8 between the two
optics elements 2, 3 is sufficient in order to actually
produce a measurable absorption of light. Other properties,
such as for instance the viscosity of the liquid 8, can thus

also be taken into account by adjusting the measurement gap 6.

FIG 2 shows a flow apparatus 1, in which very similarly to the
flow apparatus 1 shown in FIG 1, a liquid 8 flows through a
measurement gap 6 between wall regions 12 and two optics
elements 2, 3. Here the two regions 9 in which vortices occur
are significantly smaller than in the example shown in FIG 1.
This is attributed to a number of highly flexible membranes
11, which are arranged between the wall regions 12 and the
optics elements 2, 3. In the example shown, the membranes 11
are fastened between edges of the measurement gap 6 and
internal edges of the wall regions 12 of the flow apparatus 1.
These membranes 11 therefore outwardly seal an interior,
through which liquid 8 is passed, in other words e.g. in the
direction of a mechanical system which moves the optics
elements 2, 3. If the two optics elements 2, 3 are now changed
in terms of their distance 10, for instance on account of
changed properties of the liquid 8, the membranes 11 adjust,
on account of their flexibility, to the changed geometry of
the wall regions 12 and the two optics elements 2, 3. By using
the membranes 11, fewer acute angles also appear in the
example shown at the corner regions of the wall regions 12 and
the optics elements 2, 3. This is the reason for the already
mentioned advantageous reduction in size of the regions 9, in

which the liquid 8 swirls.

FIG 3 shows a flow apparatus 1 in an integrated state in a




spectrometer system. Here two displaceable cylinders 13
accommodate the two optics elements 2, 3 and form a mechanical
guide here. The distance 10 between the two optics elements 2,
3 can be adjusted by way of this mechanical guide, for
instance by way of a micrometer screw. A light beam 7 firstly
reaches the second optics element 3 from a light source 5, for
instance a halogen lamp or an LED element, then the
measurement gap 6 and finally, via the first optics element 2,
a spectrometer 4. Disposed again in the measurement gap 6 1s a
liguid 8 which absorbs spectral parts of the light beam 7. In
the example shown the liquid 8 is routed through the
measurement gap 6 via two tubes 16, which are connected to the
measurement gap 6 by way of the membrane 11. If too much or
too little brightness is detected in the spectrometer 4, in
the example shown the measurement gap 6 can be adjusted by
displacing the cylinders 13. If too much light reaches the
spectrometer 4, the measurement gap 6 is increased in size,
conversely if too little light reaches the spectrometer 4, the
measurement gap 6 is reduced in size in order thus always, in
other words for various sample substances, to ensure the best
possible measurement result. The system can also be equipped
for instance with a bypass system, which is set up so as to
automatically provide, after a change in the distance 10
between the two optics elements 2, 3, firstly that the
measurement gap 6 is flushed through with a cleaning liquid,
in order as a result to introduce a reference liquid into the
measurement gap 6 so that the spectrometer 4 can be adjusted
or calibrated for the distance 10 now used on the basis of the
reference liquid. Following the adjustment process, the liquid
8 to be analyzed is again introduced into the measurement gap
6 by way of the two tubes 16. During operation, an analysis of
various substances can thus also be performed fully

automatically without further intervention from the user or
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e.g. the process flow can also be wvaried.

FIG 4 shows a schematic representation of the membrane 11 used
in the example shown in FIG 3. Clearly apparent here are four
openings 14, 15, wherein in each case two openings 14 and two
openings 15 are arranged on opposite sides of the membrane 11.
The two openings 15, which, in the present case, are the
larger of the openings 14, 15, are provided to seal the flow
apparatus 1 in the region of the two optics elements 2, 3 with
the cylinders 13 assigned thereto. The two smaller openings 14
accommodate, as shown in FIG 3, two tubes 16 and thus seal the
flow apparatus 1 in the direction of the supply and discharge
of the liquid 8 to be examined. Since the membrane 11 is
significantly elastic or highly flexible, it can
simultaneously adjust to a changed geometry by displacing the
cylinders 13 with the optics elements 2, 3 and obtain its
sealing function. Moreover, edges at which residues of the
sample or other liquids and substances can accumulate are

avoided by design here by way of the round shapes used.
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Claims

1. A flow apparatus (1) for a spectrometer system, having a
first optics element (2) that is optically coupleable to a
spectrometer (4) and having a second optics element (3) that
is optically coupleable to a light socurce (5), which are
arranged at a distance from one another in the region of a
measurement gap (6) through which a liquid (8) can flow, in
the region of which a light beam (7) emerging from the second
optics element (3) and reaching the first optics element (2)
is at least partly absorbable, characterized in that an amount
of the liquid (8) flowing through the measurement gap (6) is
influenceable by a change in the distance (10) between the two

optics elements (2, 3).

2. The flow apparatus (1) as claimed in claim 1, characterized
in that in order to adjust the distance (10) between the two
optics elements (2, 3) during ongoing operation, the distance

(10) between the two optics elements (2, 3) can be controlled.

3. The flow apparatus (1) as claimed in claim 2, characterized
in that the distance (10) between the two optics elements (2,

3) can be controlled with a micrometer screw or hydraulically.

4. The flow apparatus (1) as claimed in claim 2 or 3,
characterized in that a control facility is present, with
which the distance (10) between the two optics elements (2, 3)
can be automatically increased or decreased in size as a
function of a light intensity which can be measured by a
measuring facility which is optically coupled to the first

optics element (2).

5. The flow apparatus (1) as claimed in one of the preceding
claims, characterized in that a bypass system is part of the

flow apparatus (1), by means of which a further liquid can be
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introduced into the measurement gap (6) as a reference liquid.

6. The flow apparatus (1) as claimed in claim 5, characterized
in that the bypass system is configured, during operation, to
firstly automatically introduce a cleaning fluid and then the

reference liquid into the measurement gap (6).

7. The flow apparatus (1) as claimed in one of the preceding
claims, characterized in that the flow apparatus (1) is

substantially formed to be tubular.

8. The flow apparatus (1) as claimed in one of the preceding
claims, characterized in that at least one elastic membrane
(11) is arranged between the assigned optics element (2, 3)

and an internal wall region (12) of the flow apparatus (1).

9. A method for operating a flow apparatus (1) for a
spectrometer system, wherein the flow apparatus (1) has a
first optics element (2) that is optically coupleable to a
spectrometer (4) and a second optics element (3) that is
optically coupleable to a light source (5), which are arranged
at a distance from one another in the region of a measurement
gap (6) through which a liquid (8) can flow, wherein in the
region of the measurement gap (6) a light beam (7) emerging
from the second optics element (3) and reaching the first
optics element (2) is at least partly absorbed, characterized
in that an amount of the liquid (8) flowing through the
measurement gap (6) is influenced by a change in the distance

(10) between the two optics elements (2, 3).



