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The purpose of this paper is to introduce some recently commercialised packed col-
umn internals and configurations developed at J. Montz company in close cooperation
with universities and industry, which by the virtue of their nature intensify in some way
the distillation process. These include state of the art high capacity structured packings,
hybrid packed beds with partially flooded sections, streamlined liquid collectors, cata-
lytic packings and the dividing wall column (DWC). The later one, an exclusive de-
velopment realised in a close cooperation with BASF company, represents a major tech-
nological breakthrough; recent advances being mainly reflected in increasing both me-
chanical and process design flexibility by introducing a number of proprietary designs of
DWC components. This paper discusses the backgrounds of developed technologies, the
related state of the art and the perspectives for further development.
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Introduction

Certainly the distillation is the most widely ap-
plied separation technology and will continue as an
important process for the foreseeable future because
there is simply no industrially viable alternative
around. Also, confronted with challenges from
other technologies distillation improves and from
time to time breakthroughs are made which move
this technology to a higher level of sophistication.
Nevertheless, as an energy intensive separation, dis-
tillation is under permanent pressure of increasing
energy costs, and further developments are needed
to preserve its pre-eminent position in the separa-
tion field.

Although distillation is generally recognized as
one of the best developed chemical processing tech-
nologies there are still many technical barriers that
could, when overcome, secure the position of the
distillation and even make it more attractive for use
in the future. A thorough overview of the technical
barriers and related research needs can be found in
the VISION 2020, 2000 Separations Roadmap pub-
lished by AIChE in cooperation with the U. S. De-
partment of Energy.1 Here, the equipment perfor-

mance was ranked equally as the next highest prior-
ity barriers after lack of fundamental data.

Because of the fact that in the past two decades
the support for equipment performance related re-
search declined strongly in industry and universities
the equipment related developments were left
mainly in the hands of manufacturers. Regarding
the complexity and the scale of related research and
development effort, as well as limited financial re-
sources, this appeared to be a heavy burden for a
well-established medium size company such as J.
Montz. Being in similar situation regarding the lack
of support, the Laboratory for Process Equipment
regarded a close cooperation with Montz as a
chance to maintain the quantity and quality of fun-
damental research in the contacting equipment
field. Another essential ingredient of this associa-
tion was a close cooperation of Montz with a group
from BASF, around Dr. G. Kaibel, active in improv-
ing the packed column technology utilised mainly
in fine chemicals applications. In addition, both J.
Montz and BASF cooperated closely at specific de-
velopments with other universities. Looking back,
we may say that working in the triangle equipment
manufacturer, industrial user and university enabled
cross-fertilization of new ideas and models while
protecting the proprietary know-how.

Certainly, J. Montz GmbH is a manufacturer of
all kinds of process equipment, however this paper
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focuses on recent developments, i.e. process inten-
sification advances in packed column technology,
including improvements of packings and internals,
development of a catalytic packing, as well as that
related to unique knowhow regarding the design
and construction of divided wall columns. The pur-
pose of this paper is to present major features of de-
veloped technologies, accompanied by a survey of
the related state of the art and to indicate the poten-
tial for further improvements.

High capacity/efficiency
structured packings

Development of internals for small and large
scale vacuum distillation applications is a tradi-
tional field of activity of J. Montz related strongly
to TU Delft. Namely, over the years, J. Montz fully
or partly supported the packed column internals re-
lated research work at the Laboratory for Process
equipment that resulted in four PhD theses.2–5 Last
ten years, the joint effort vent largely into improve-
ment of the performance of established structured
packings as well as to the development of an overall
predictive model. Most of the performance screen-
ing work has been done using hydraulic facilities
available at TU Delft and J. Montz in Hilden.6,7 Pi-
lot scale, total reflux experiments carried out in a
systematic way in cooperation with the Separations
Research Program (SRP) at the University of Texas
at Austin (Dr. A. F. Seibert and Prof. J. R. Fair) pro-
vided experimental evidence on the performance of
conventional and advanced packings (M series) in
the wide range of operating conditions.8,9 The con-
ventional packings data provided also a basis for
evaluation and improvement of the predictive accu-
racy of SRP and Delft models.10

While studying the hydraulic behaviour of con-
ventional structured packing with different corruga-
tion angles it was observed that overall pressure
drop comprises three major components: gas liquid
interaction at the interface along the flow channels,
flow direction change losses with associated en-
trance effects at the transitions between packing
layers and very influential but often ignored one,
the gas-gas interaction at the plane separating cross-
ing gas flow channels. The latter two, which are re-
sponsible for, say 80 % of total pressure drop in
packings with a corrugation angle of 45 degrees, do
not contribute greatly to mass transfer. This means
that reducing these pressure drop components ap-
propriately could lead to increased capacity without
affecting adversely the mass transfer efficiency or
vice versa. Both options have been evaluated thor-
oughly.

In fine chemicals distillations usually high
product purity is main concern, and therefore the
performance improvement effort is oriented mainly
toward improving the efficiency of contacting de-
vices. A possibility for increasing the efficiency of
structured packings is discussed first, which implies
implementation of a geometry modification that
could help to maximize the ratio of “useful” fric-
tional pressure drop to “useless” pressure drop due
to gas/gas interaction. By inserting (sandwiching)
properly designed flat sheets in between corrugated
sheets,11 both objectives were achieved in one
move. Tests were carried out with a prototype based
on standard corrugated sheet metal packing of the
type B1–250. The large channel, monolith-like
structure with substantially enlarged specific sur-
face area produced a lower pressure drop, and con-
sequently allowed a substantial capacity increase.
However it appeared to be prone to development of
severe liquid maldistribution, which, particularly in
preloading region appeared to be highly detrimental
to efficiency. Some advantage of this simple modi-
fication, which allowed a significant increase in sur-
face area with respect to packings with the same hy-
draulic diameter, could eventually be expected in
applications where capillary forces dominate the
spreading of liquid.

As demonstrated by researchers from the TU
Munchen,12 it appears that the maximal lateral
transport per unit height of both gas and liquid, im-
posed by closed channel structure, could be of some
practical use. Namely, two packing elements with
such a structure, rotated to each other by 90 degrees
proved to work as a short but highly efficient gas
and liquid redistribution section for random packings,
contributing also to overall mass transfer perfor-
mance. Such a redistribution section could also
work in conjunction with large specific surface area
structured packings, however, due to limited extent
of radial transport within one packing element, this
configuration may eventually be an elegant solution
for savings in the height of small diameter columns
only.

A real breakthrough was achieved with second,
capacity increasing option.9,13 The essence of this
development is the minimization of gas flow pres-
sure drop created at the transition between packing
layers, while allowing a smooth drainage of liquid
to the layer below. This was achieved simply by
bending smoothly the lower part of corrugations
from 45 to 90 degrees (see the photograph shown in
Figure 1). Measured pressure drop and efficiency
curves shown in Figures 2 and 3 clearly indicate
that bending only the bottom part of corrugations to
the vertical can result in a substantial reduction in
pressure drop of conventional structured packing
accompanied by a significant increase in the capac-
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ity. In a recent study,14 experimental evidence was
given, which clearly indicates a minor role of the
bending the upper part of corrugations. It should be
noted that our experimental evidence indicated that
a relatively much longer bend in bottom part is
needed than that employed in their study to effect a
substantial gain in capacity. Anyhow, it appeared
that all proprietary designs perform similar in this
respect, which means that nowadays the columns
containing conventional structured packings can be
revamped successfully using their advanced coun-
terparts. Certainly, the application of high capacity
structured packings in new designs will lead to
leaner columns.

Figures 2 and 3 also illustrate a rather good
predictive accuracy of the Delft method. A com-
plete list of working equations of this complex, but
straightforward method for conventional corrugated
sheet structured packings is given elsewhere.15 It
should be noted that the method proved to be capa-
ble of predicting the effects of packing modifica-
tions on the pressure drop and capacity, by adjust-
ing appropriately geometry related parameters. On
the mass transfer side; there was no need for special
provisions in the model, because it was found that
the efficiency deteriorates only slightly due to bend-
ing the bottom and/or upper part of corrugations.

Further packing geometry development and op-
timisation work will be substantiated experimen-
tally by using a new total reflux distillation column
(internal diameter of 0.45 m, packed height up to
2.5 m) available now at TU Delft. Major pieces of
equipment for this impressive installation (see the
photograph shown in Figure 4) were donated by J.
Montz.

CFD streamlined liquid collectors/gas
redistributors

A potential drawback of further reduction in
the pressure drop of a packed bed may be the reduc-
tion of the driving force for smoothing out effi-
ciently the heavily maldistributed initial gas profiles
generated by conventional liquid collectors installed
in between packed beds. A comprehensive experi-
mental and simulation study carried out at TU
Delft16–18 indicated that a state of the art Computa-
tional Fluid Dynamics (CFD) tool is capable of pre-
dicting reliably the effect of column internals geom-
etry on the single-phase gas flow field. With this in
mind, CFD has been used to improve the perfor-
mance of common low pressure drop liquid collec-
tors that, designed primarily to enable undisturbed
collection and remixing of liquid proved to act as a
kind of gas maldistribution generator.18
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F i g . 1 � Photograph of 0.45 m diame-
ter elements of common size B1-series
packings with inclination angles of 45 and
60 degrees, respectively, and the bend in the
bottom part (B1–250M) of corrugated sheets

F i g . 2 � Comparison of pressure drop performances of
B1–250, B1–250.60 and B1250M indicating the effect of the
corrugation bend length; measured vs. calculated

F i g . 3 � Comparison of total reflux distillation perfor-
mances of B1–250, B1–250.60 and B1–250M;
measured vs. calculated



Figure 5 shows the CFD snap-shots of the gas
flow field for the conventional and an improved
configuration as well as the corresponding cross
sectional velocity distribution patterns at the dis-
tance corresponding to the inlet to the bed above.
The comparison of predicted and measured gas dis-
tribution profiles of the conventional (left hand
side) liquid collector indicates that CFD simulation
is capable of predicting reliably the gas distribution
performance of this kind of packed column inter-
nals. A closer inspection of the CFD snap-shot
shown on the left hand side of Fig. 5 indicates that
in all cases a relatively narrow gas jet is passing
along the tip of the opposite blade (side exposed to
the liquid draining from the bed above). To avoid
this, in new design, shown on the right hand side of
Figure 5, the existing blades are extended and
bended smoothly inwards to deflect the gas stream
in the vertical direction. In addition, the central part,
a chimney like design with two superimposed
V-shaped covers, is changed into a simple, upside-
-down turned V-shape liquid collecting trough. The
corresponding Cv (coefficient of variation) value is
58 %, which, compared to 95 % of the conventional
design indicates a significant reduction in the mag-
nitude of flow variation. This in combination with a
more streamlined central part resulted in roughly a
28 % lower pressure drop (63 Pa). From the inter-
nals design/performance point of view, this CFD
simulation result is quite encouraging. Namely, it
indicates that increased pressure drop is not re-
quired to improve the initial gas distribution, i.e.
that with respect to conventional designs, there is
still a significant potential for improvement in both
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F i g . 4 � Photograph of the TU Delft total reflux dis-
tillation column

F i g . 5 � CFD snap-shots of a side cut of the gas flow through liquid redistribution
section equipped with a conventional (left, below) and a modified (right, below) liquid
collector; above, on the left hand side, measured and CFD predicted distribution pro-
files at a distance of about 0.35 m above collector are shown; on the right hand side
the predicted profile for modified collector configuration is shown



the quality of the initial gas distribution and the as-
sociated pressure loss. A practical problem with the
use of CFD is a rather long run time (up to 20
hours) associated with this kind of simulations.

Partially flooded packed beds

Major feature of another cooperative effort of
Montz and BASF with the University of Karlsruhe
(Prof. M. Kind) is concerned with the utilisation of
the mass transfer enhancement potential of operat-
ing columns preferentially in loading range. To
avoid danger of flooding the loading range opera-
tion should be controlled in a way. As presented in
a paper by B. Kaibel et al.19 this can be done by
combining low and high specific surface area
packings, i.e. by operating some kind of hybrid
packed beds. This experimental study indicates that
some 50 % of efficiency enhancement can be ob-
tained (Iso/n-butanol system at 1.013 bar in a 0.1 m
internal diameter test column) using such a configu-
ration. Certainly such operation implies a higher
specific pressure drop, however this is not at the
cost of capacity. The problem lies merely in the fact
that the range of enhanced performance operation
appeared to be quite narrow and actually too close
to flooding limit.

Better performance could be expected from a
bed where standard packing elements are combined
with shorter, specially designed elements to pro-
mote bubbling action similar to that of a tray. As in-
dicated schematically in Figure 6, these bubbling
promoters should be short enough to avoid deterio-
rating effect of liquid back mixing, i.e. to provide
for a longer residence time for liquid, a larger inter-
face and an intensive contact of two phases, allow-
ing at the same time a smooth disengagement of
vapour and liquid under high liquid load conditions.
A first industrial application of partially flooded
packings was reported most recently.20 In this case
these new packings were used to provide a longer

residence time in a homogeneously catalysed reac-
tive distillation in a column with a diameter of 0.7
m. So, a considerable progress along this line is
made and it is expected that the total reflux experi-
ments at larger scale could provide revealing an-
swers with respect to hydraulic stability and the
extent of mass transfer enhancement of partially
flooded beds.

Catalytic structured packing

A cooperative effort with the Prof. A. Gorak’s
group from the University of Essen, now the Uni-
versity of Dortmund, led to the development and
commercialisation of a hybrid type, catalytic struc-
tured packing (Montz Multipak), containing verti-
cally oriented, segmental designed gauze material
catalytic bags placed in between corrugated wire
gauze sheets with alternatively oriented flow chan-
nels. A photograph and a front cut of a packing ele-
ment of Multipak is shown in Figure 7. Two differ-
ent designs are distinguished, the Multipak I with
standard, 500 m2/m3 wire gauze corrugated sheets
with an corrugation inclination angle of 60 degrees,
and Multipak II comprising thicker catalyst bags
(larger specific catalyst volume) sandwiched be-
tween the corrugated sheets of a 700 m2/m3 wire
gauze packing with an corrugation inclination angle
of 45 degrees. This provides some flexibility re-
garding balancing the reaction and separation re-
quirements. Hydraulic and mass transfer perfor-
mance of Multipak I as determined using pilot scale
installations with different internal diameters and
packed heights is described thoroughly else-
where.21–23
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F i g . 6 � Schematic representation of a hybrid packed bed
containing high liquid load sections

F i g . 7 � Photograph of a laboratory-scale packing ele-
ment of Multipak with the shematic illustration of internal con-
figuration; CB denotes catalyst bags, OC corrugated sheets



The trouble with reactive distillation is that due
to excessive costs the experimentation with real
systems is limited to too small columns, i.e. there is
no intermediate/semi-industrial scale effort avail-
able to develop systematically the necessary scale-
-up knowledge. This is expected to be developed by
combining model developments and non-reactive,
i.e. hydraulics and separation efficiency related
tests at larger scale to validate accordingly predic-
tive models, taking into account reaction kinetics
information obtained from small-scale experiments.
This approach is outlined to some extent in ref. 23.
A state of the art review of the reactive distillation
technology based on BASF experiences is given in
the paper by Althaus and Schoenmakers.24 A spe-
cial issue of Chemical Engineering and Processing
(March 2003) is devoted to reactive separations.

Finally, it should be noted that in the meantime
J. Montz GmbH decided to drop this line of devel-
opment and transferred its rights for Multipak to
Sulzer Chemtech. Based on a much wider involve-
ment with all aspects of this technology, Sulzer
Chemtech expects a breakthrough to happen in this
field upon consolidation of the implementation re-
lated knowledge.25

Dividing wall column

First concepts of dividing wall (partitioned) col-
umns can be traced back in 1930s and 1940s.26,27 In
the same period, Brugma28 laid the fundaments for
what is known today generally as thermally coupled
distillation. However the credit for full recognition of
the energy conservation potential of fully thermally
coupled distillation columns goes to Felix Petlyuk,
who published with co-workers in the mid 1960s a
paper29 that represents the milestone in the develop-
ment of this technology. A dividing wall column
(DWC) is the most daring variation of the so-called
Petlyuk column. Its major feature is that it allows
substantial energy savings, while separating in a sin-
gle body a three-component mixture into pure prod-
ucts. A conventional configuration for separation of
a three-component mixture into pure components is
shown in Fig. 8 together with a Petlyuk- and a DWC
configuration. Obviously, the dividing wall column
represents the most compact configuration, which al-
lows both considerable energy and capital saving.
However, in spite of potential benefits, for years
DWC remained to be an exotic academic concept
and even the energy price explosion of mid 1970s
was not good enough to push toward its industrial
implementation. Certainly, it may look strange that
the application pioneer, the company BASF, realised
some twenty columns before other companies con-
sidered this as a possibility.

Reintroduced to the distillation community by
G. Kaibel in 1987,30 the dividing wall column is con-
sidered today to be an established technology with a
steadily growing application potential, including also
separation of four component mixtures. Energy sav-
ings with respect to conventional two-column ar-
rangements are in the range of 30 %. A realistic idea
on this and other practical benefits from the utilisa-
tion of DWCs can be obtained from a paper by
Ennenbach et al.31 The most recent paper by Kolbe
and Wenzel32 discusses the potential for application
in processing petrochemical cuts. Certainly academic
people also embarked on this idea, and over the last
ten years a good deal of academic and industrial re-
search effort went into the evaluation of the energy
saving potential in various applications.33–35

However it should be noted that the implemen-
tation of this concept required specific constructional
solutions. An idea on the internal configuration of a
packed DWC can be obtained from Figure 9. Special
DWC related know-how was developed from the be-
ginning at J. Montz GmbH, which built the BASF
columns. For instance, the first columns were pro-
vided with a fixed dividing wall, which was welded
on both sides to the column shell. To provide for
better flexibility of the internal configuration and to
reduce the design accuracy requirements of the sys-
tem, a free, movable wall system was employed in
new designs. For larger diameter columns the divid-
ing wall is built by assembling it in the column from
specially designed, easy to install manhole size seg-
ments (see Fig. 10). Such details including the edge
seals and other constructive solutions belong to the
proprietary know-how of Montz. Modern concepts
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F i g . 8 � Distillation configurations for separation of a three
component mixture: (a) conventional, (b) thermally
coupled – Petlyuk, and (c) dividing wall column



also provide off-centre positions of the dividing wall
to meet special requirements, e.g. for vapour feeds
in high vacuum applications. The dividing walls
are preferably combined with special self-adjusting
packings to avoid assembling problems.

Certainly a considerable research effort procee-
ded industrial implementation. The necessary know-
ledge of hydrodynamics of DWC was collected dur-
ing air/water and tracer testing on large scale (0.8 m
inner diameter) carried out in Hilden in cooperation
with TU Delft. These experiences helped to develop
the full design and construction know-how that rep-
resents the basis for the realisation or much larger
packed columns than in the beginning (diameters
first below 1 m, now up to 4 m). With the increase
in diameter it became possible to consider the use
of trays in applications where trays offer advantages
over packings. Meanwhile several tray DWCs with
diameters up to 5 m are in operation. Certainly, the
operation of a DWC requires a more advanced and
elaborate control scheme. This aspect is for instance
discussed by Adrian et al.36

The layout of a DWC can be made on the basis
of computer simulations as in the case of conven-
tional column arrangements. In cases where experi-
ments have to be made laboratory scale columns
with diameters down to 50 mm can be used (see
Figure 11).

Concluding remarks

During the last ten years, J. Montz GmbH, an
established worldwide operating medium size pro-
cess equipment manufacturer managed in a number
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F i g . 9 � Artist impression of a packed DWC

F i g . 1 0 � Photograph illustrating the assembling a packed column with proprietary loose dividing wall elements



of cooperative efforts with some German and a
Dutch university as well as BASF to make technol-
ogy advances which helped to preserve its share in
ever harshening distillation equipment market.

Among others, the nature of pressure drop in a
corrugated sheet structured packing has been re-
vealed and manipulated accordingly. A significant
improvement in capacity of a conventional corru-
gated sheet structured packing has been achieved:
simply by bending smoothly to the vertical the cor-
rugations in the lower third of a sheet. With respect
to the performance of 60° packing, the capacity of
M-series packing is still on the shorter side, indi-
cating that the considerable pressure drop due to
gas/gas interaction also influences the capacity. In
the range of interest for application of this packing
the efficiency matches that of the original packing.

Certainly, further packing performance im-
provement is possible, and optimising the liquid
redistributor design will compensate for a loss of
gas distribution capability of a bed due to reduced
pressure drop. Progressing along this line we could
eventually arrive at a solution that will approach
closely the theoretical potential for this kind of con-
tacting devices.

The Delft model proved to be versatile enough
to account appropriately for all geometry manipula-
tions considered in our packing improvement stud-
ies. Since it does not require any empirical, packing
specific constant it enables a tailor made approach
to the design and retrofitting of distillation columns
containing corrugated sheet structured packing.

CFD appeared to predict well the single phase
flow fields in configurations encountered in packed
columns and the simulation tools like Fluent may
be considered as a useful aid for design and evalua-
tion of performance of packed column internals.
Major difficulty, which may work adversely to po-
tential users is the immense run time associated
with CFD simulations. The simulation capability,
regarding the real, two-phase flow situations is still
in an early stage of development.

Hybrid packed beds with gas-liquid contacting
enhancement means may prove useful, if not widely
for separation purposes than certainly for catalytic
distillation purposes. Hybrid catalytic elements
proved to work in practice and the ongoing perfor-
mance optimisation effort will result in technically
and economically more elegant designs than it was
the case with the industrial applications of the first
generation of catalytic packings.

Dividing wall column is now considered to be
an accepted technology and is expected to grow
steadily in the number and variety of applications in
industrial practice. This growth will accelerate fur-
ther improvements in this technology where neces-
sary.

In this time of globalisation of all aspects of
human life, with less ground left for small undertak-
ings, faster innovation cycles are an imperative. It is
our belief that a more effective utilization of re-
sources available within this proven, industrial us-
ers/university/equipment manufacturer collabora-
tions formula will help us to respond successfully to
challenges for faster technology developments in
the field of distillation.
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