
10326 Chem. Commun., 2013, 49, 10326--10328 This journal is c The Royal Society of Chemistry 2013

Cite this: Chem. Commun.,2013,
49, 10326

Growth of a ZIF-8 membrane on the inner-surface of
a ceramic hollow fiber via cycling precursors†

Kang Huang, Ziye Dong, Qianqian Li and Wanqin Jin*

For the first time, a ZIF-8 membrane was grown on the inner surface of

a ceramic hollow fiber via cycling precursors. The inner-side hollow

fiber ZIF-8 membrane exhibits good performance for recovering

hydrogen.

Metal–organic frameworks (MOFs) have attracted considerable
attention because of their striking advantages in gas adsorption
and storage,1 molecule separation,2 catalysis,3 sensors4 and
chiral resolution.5 Because of their structural flexibility, MOFs
exhibit a wide topological variety and surface properties, as well
as high thermal, hydrothermal and chemical stability.6 These
features offer unprecedented opportunities for the preparation
of molecular sieve membranes. To date a number of MOF
materials, such as HKUST-1,7 MOF-5,8 MIL-53,9 and ZIFs,10,11

have been used to fabricate membranes. Many of them exhibit
outstanding separation performance for small molecular gases
(H2, CO2 and hydrocarbons)12 or organic solvents.13

MOF membranes are usually prepared on planar porous
disks7–10,12c–e,13 or on tubular supports.12b,f Recently, in order to
increase the flux of MOF membranes and decrease the volume
of the modules, the ceramic hollow fiber supports have been
greatly preferred for preparing MOF membranes.11,12a,14 However,
few studies concerning the preparation of MOF membranes on the
inner surface of ceramic hollow fibers have been reported in the
literature. From the viewpoint of industrial application, preparing
membranes on the inner side of supports is attractive because
membranes can be better protected against mechanical and
physical damage during handling operations.15,16 Moreover, it
is also desirable in high-area applications (for example, multi-
channel ceramic supports).17

However, it is noteworthy that fabricating a MOF membrane
on the inner side of a ceramic hollow fiber will face many
challenges.18 Firstly, material selection is not easy because a lot

of properties, such as pore size and structure, surface chemistry,
and thermal and chemical stability, affect their applications. The
second challenge is that it is hard to maintain an adequate
supply of nutrients for crystal growth in the lumen of the
ceramic hollow fiber, which could be easily achieved when the
crystal layer grows on the outside. Finally, because of the low
accessibility to the lumen of supports, growing an inner layer
presents a critical challenge for the present preparation method.

Zeolitic imidazolate frameworks (ZIFs), a sub-class of MOFs
with 3D tetrahedral frameworks and zeolite like topologies, are
formed from transition metal ions (Zn2+, Co2+) and imidazolate
linkers.19 Because of their unique structural features, ZIFs are
very attractive for gas adsorption and separation.10,11 Among a
mass of ZIFs synthesized to date, ZIF-8 with a sodalite (SOD)
topology, which consists of Zn ions and 2-methylimidazolate
(MeIM) ligands, is the most extensively studied.20,21 Its ultra-
small pore size and high stability provide excellent separation
performance, especially for small molecular gases (H2, CO2 and
hydrocarbons).12c,d In this study, we firstly prepared a ZIF-8
membrane on the inner surface of a ceramic hollow fiber and
studied its gas separation performance.

For the preparation of MOF membranes, the secondary
growth method is considered as an effective approach to
fabricate integrated MOF membranes because it provides a better
control of the membrane formation process by decoupling the
nucleation and growth steps.16 The key step for this method is the
synthesis of a seed layer. Up to now, many attempts have been
carried out to prepare strong adhesive and uniform seed layers,
such as dip coating,22 wiping method,12a thermal seeding,23

reactive seeding9 and step-by-step seeding.7b Herein, we designed
a modified in situ seeding process to prepare a strong adhesive
and uniform ZIF-8 seed layer at room temperature. Furthermore,
in order to supply sufficient nutrients for crystal growth, a cycling
precursors (CP) method (Fig. S2, ESI†) was used to prepare the
inner-side hollow fiber membrane, in which the precursors would
continuously flow through the lumen of support.

A schematic of the growth process is shown in Fig. 1. Before
the seeding process, the alpha-Al2O3 ceramic hollow fiber is
treated with 3-aminopropyltriethoxysilane (APTES), which can
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be expected to act as a covalent linker between seed layers and
supports.10a Then, the seeding synthesis solution continuously
flows through the lumen of the APTES modified alpha-Al2O3

ceramic hollow fiber by the CP method (typical synthesis
conditions: 30 1C for 0.5 h). This is followed by a secondary
growth process in which an integrated inner-side hollow fiber
ZIF-8 membrane is fabricated under synthesis conditions (typical
synthesis conditions: 30 1C for 6 h). In the process of preparation,
the synthesis of seeds and the seeding step are simplified to a
single procedure. A strong adhesive and uniform ZIF-8 seeding
layer can, therefore, be expected to form and aid in the growth of a
superior ZIF-8 membrane in the following step.

Fig. 2a and b show the microstructures of a ceramic hollow
fiber and the seed layer prepared by the modified in situ seeding
process, respectively. Compared with the original ceramic hollow
fiber, the seed crystals are uniformly distributed on the inner
surface of the alpha-Al2O3 ceramic hollow fiber. The crystal size
is about 50–100 nm, which is beneficial for preparing a MOF
membrane. To confirm that they are indeed ZIF-8 crystals, the
X-ray diffraction (XRD) pattern of the seed layer was analysed. As
shown in Fig. S4 (ESI†), the corresponding XRD pattern shows
that the crystal structure of the seed crystals is consistent with

the ZIF-8 pattern reported in the literature.24 For comparison, we
also fabricated the seed layer using an unmodified alpha-Al2O3

ceramic hollow fiber. The results (see Fig. S5, ESI†) show that the
inner surface of the ceramic hollow fiber is almost blank,
indicating that APTES plays an important role in preparing a
strong adhesive and uniform ZIF-8 seeding layer.

In order to further demonstrate that APTES can induce the
formation of the nanoscale ZIF-8 seed layer, we conducted an
experiment to monitor the ZIF-8 crystal growth process under
different conditions by the quartz crystal microbalance techni-
que (QCM). QCM is an ultra-sensitive device capable of sensing
mass changes in the nanogram range and is usually used to
study the MOF growth mechanism.25 The results are presented
in Fig. 3. Upon increasing the experimental time, mass loading on
APTES modified QCM gold substrate simultaneously increases,
indicating that there are some substances formed on the substrate.
In contrast, mass loading on the unmodified substrate remains
almost the same after the initial instability. The corresponding
XRD patterns (the XRD inset in Fig. 3) show that they are ZIF-8
crystals formed on the APTES modified QCM gold substrate, and
the SEM images (the SEM inset in Fig. 3) further confirm this
conclusion. These results prove that APTES can effectively enhance
the heterogeneous nucleation of the ZIF-8 crystals. It is possible
that the amino groups of APTES can coordinate with the free Zn2+

centers and bind the growing nanocrystals directly.11

Fig. 2c and d show the surface and cross-sectional micro-
structures of the inner-side hollow fiber ZIF-8 membrane. The
membrane surface shows intergrowth and is free of cracks.
Fig. 2d illustrates that the membrane layer is well bonded with
the ceramic hollow fiber, and the thickness of the membrane is
about 2 mm, which is close to that of the outside ZIF-8
membrane reported by the Lai group.12a The XRD pattern of the
as-prepared inner-side hollow fiber ZIF-8 membrane (Fig. S4, ESI†)
shows that it contains a full of the ZIF-8 phase. After the secondary
growth procedure, the ZIF-8 crystals were also collected from the
feed tank. The corresponding SEM image, XRD pattern, and IR

Fig. 1 Schematic diagram of growth of the inner-side hollow fiber ZIF-8 membrane.

Fig. 2 SEM images of (a) a ceramic hollow fiber: (insert (i) an enlarged cross-
section and insert (ii) an inner surface of a ceramic hollow fiber); (b) ZIF-8 seed
layer; (c) inner-side hollow fiber ZIF-8 membrane surface and (d) cross-section.

Fig. 3 QCM response of ZIF-8 crystal grown on APTES modified QCM gold
substrate (red line) and unmodified QCM gold substrate (black line). The inserts
are the XRD patterns and SEM images, respectively.
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spectra (see Fig. S6–S8, ESI†) further confirm that the ZIF-8
crystals can be synthesized under the synthesis conditions.

The permeances of a series of small gas molecules (H2, CO2,
N2 and CH4) were systematically measured to examine the
quality of the inner-side hollow fiber ZIF-8 membrane. Table S1
(ESI†) lists the single gas permeance data, which suggest that the
inner-side hollow fiber ZIF-8 membrane shows a good molecular
sieve performance. The permeances of these small gas molecules
decrease in the order H2 > CO2 > N2 > CH4, with increasing
molecular sizes. The ideal selectivities of H2 over CO2, N2, and
CH4, calculated by the ratio of the single gas permeances, are 3.54,
12.28 and 13.41, respectively. The permeation behaviors of binary
gas mixtures (H2–CO2, H2–N2 and H2–CH4 with an equal volume
ratio) were also studied. As shown in Fig. 4, the separation factors
of H2/CO2, H2/N2 and H2/CH4 are 3.28, 11.06 and 12.13, respec-
tively, which are close to the results reported in other literature.12c,d

These results indicate that the inner-side hollow fiber ZIF-8
membrane is continuous and free of cracks. Additionally, the
long-term stability of the inner-side hollow fiber ZIF-8 membrane
was also examined for more than 200 h. As shown in the inset of
Fig. 4, both the permeance and H2/CH4 selectivity show almost no
change upon increasing the experiment time, indicating that the
stability of the inner-side hollow fiber ZIF-8 membranes is good.

In summary, an inner-side hollow fiber ZIF-8 membrane was
successfully grown via cycling precursors. QCM demonstrated
that APTES effectively enhanced the heterogeneous nucleation
of the ZIF-8 crystals. After the modified in situ seeding process,
a strong adhesive and uniform ZIF-8 seeding layer was formed
on the inner surface of the APTES modified ceramic hollow
fiber in a single step. The as-prepared inner-side hollow fiber
ZIF-8 membrane had high integrity and was thin. Gas permea-
tion experiments indicated that the inner membrane showed
good molecular sieve performance, especially for recovering
hydrogen from hydrocarbons. This work demonstrates that

inner MOF membranes have promising applications in energy
and environmental fields. Considering the viewpoint of indus-
trial application, we think that researchers should pay more
attention to fabricating MOF membranes on the inner surface
of the tubular supports or ceramic hollow fibers.

This work was financially supported by the National Natural
Science Foundation of China (No. 21176115).
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