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Introduction
HybSi® is the trade name of a recently developed nanoporous membrane system with an unprecedented high stability under both
hydrothermal and acidic conditions. Typical applications of HybSi® membranes are pervaporation and vapor permeation. Characteristic of the membrane material is that it combines organic and ceramic units that are connected on an atomic level. By doing so
the best of both worlds are combined in this true hybrid material.
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What is pervaporation?
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The special feature of HybSi® is that the organic fragments

Speciﬁc applications

are acting as integral bridging fragments of the structure,

Examples of water and methanol azeotropes that can be
®

Licenses and patents
The HybSi® membrane and the necessary sealing and module

Pervaporation is the selective evaporation of one of the com-

and not just as end standing groups as in methylated silica.

ponents of a liquid mixture using a membrane. The word

The result is a true hybrid silica pore network in which or-
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ganic and inorganic fragments cooperate. It is prepared by
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tion, the transport through a membrane, and evaporation, the

a sol-gel process from so-called bis-silyl precursors, such
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area of ~40cm2 and ~400cm2 respectively. These ECN steel

and reverse osmosis. Instead, the driving force is due to the
fact that on the feed side the chemical potential is higher
than on the permeate side, similar to what is found in gas
separation membranes. The gradient in chemical potential
is maximized by using high feed temperatures and low pressures on the permeate side. Alternatively to pervaporation,
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separated with the HybSi membrane system include:

technology are covered by a number of ECN patents. ECN is
Retained species
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looking for interested parties to take a license on its technol-

retained species

ogy and broad patent portfolio. Potentially interested parties

interested in the final utilization of it. We can provide a detailed
technology transfer and aim for a joined effort in the further
scale-up and market development of HybSi® membranes.
Membranes and modules

modules, including membrane and metal housing seal, are

option offers the highest benefits to the end user. These
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kinds of membrane processes are beneficial for the separa-

Other dewatering examples for which HybSi can be used

tion of e.g. azeotropes. In distillation the complete liquid feed

include complex distillations and processes like:

permeate. They are certified to function at Tmax = 200ºC and

is evaporated leading to high energy demands. By replacing

• Acetone/phenol in e.g. the oxidation of. cumene

Pmax = 15 bar.

distillation by the pervaporation membranes or combining the

• Acrylates

two processes large energy savings are possible.

• Bisphenol A

Laboratory measurements

• Carbonates

ECN offers to perform pervaporation measurements for inter-

Membrane stability

• Diols

ested end users on their industrial mixtures. The emphasis is

A fair number of pervaporation membranes are available on

• EDC/VCM/PVC

on water and methanol separation from organic solvents. To

• Isocyanates

this end ECN has more than ten glass pervaporation set ups

• Propylene oxide

available. For more demanding conditions a further 5 stainless

• Terephthalate compounds and terephthalic acid

steel autoclaves are available that can run up to 30 bars pres-

the market today. These polymeric and ceramic membranes
all have their advantages and disadvantages, and a careful
selection has to be made based on detailed knowledge of the

Cross-sectional SEM micrograph of the layered structure of a hybrid
membrane, showing the supporting layers and the ~150 nm thick selective
HybSi® top layer.

process. The HybSi® team has been working over the years
to overcome common disadvantages and offer membranes
for a wider application window.

delivered with Swagelock connections to feed, retentate, and

sure and 200°C in a batch experiment set-up. These instal-

Explanations

lations can run 24/7 including fresh feed addition. They are
normally operated with one membrane of ~15 cm length and

This has been achieved by enhancing the stability towards

Several explanations have been proposed for the remarkable

typically use 1-2 liter of feed liquid. For larger scale measure-

• hydrothermal attack,

stability of the HybSi®. These include

ments with continuous flow feed conditions a set up with a

• the presence of acids,

• More stable bonds: the hydrothermally instable Si-O-Si

feed capacity of ~35 liters is available. This set up can be run

• the presence of aggressive organic solvents
All of this results in a membrane system that is applicable in a
wide range of solvents and is stable in the presence of water
and acids at high temperatures.

bonds are replaced by Si-(CH2)n-Si bonds
• Higher crack propagation energy resulting in more ductile

with six membranes in series with pressures up to 25 bars
and temperature up to 150°C.

material in which initiated nano-cracks do not easily grow
to a defect.

On site pilot testing

• Increased connectivity number of the basic building block

A further service that ECN offers is on site testing with a total

Details of the HybSi® material

from four to six siloxane bridges, resulting in a lower sur-

membrane surface area of 1 m2. To this end a skid mounted

HybSi® is an organic-inorganic hybrid silica-based amor-

face diffusion coefficient

test installation is available, that has passed a number of

phous material. The hybrid nature of this material lies in the

• Lower solubility, the larger bis-silyl units are expected to

HAZOP analyses and is explosive proof. This unit can run

fact that each silicon atom is not only connected to oxygen

have a much lower solubility leading to suppressed mobility

batchwise as stand alone equipment using a 1000 liter feed

atoms as in pure silica, but also to an organic fragment.

of silica fragments.

vessel, or in line using a continuous feed.

