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Abstract

Zeolite imidazolate framework (ZIF) is one of the subclasses of metal-organic frameworks (MOFs) that has been widely inves-
tigated in the last decade. Among the ZIF members, a particular interest has been devoted to ZIF-8 due to various factors, such
as mild and fast synthesis conditions, framework stability and the right pore aperture to perform various separations. Recently,
there has also been growing interest in developing ZIF-8 as a thin layer membrane on polymeric substrates as they are consid-
erably cheaper than the inorganic ones. This review then discusses recent advances in this field, focusing on various fabrication
strategies and promising future applications. The challenges and future perspectives are also discussed with an emphasis on

employing this approach in industrial scale.
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INTRODUCTION

Metal-organic framework (MOF) is an inorganic—organic hybrid
material that has gained considerable interest in the last two
decades. This is because it offers numerous benefits, such as high
surface area and tailorability, making it suitable for various appli-
cations including gas adsorption and catalysis. Among the sub-
classes of MOFs, the zeolitic imidazolate framework (ZIF) has
been widely investigated.! This material has a similar topology
to zeolite and it is constructed from tetrahedral transition metal
cations such as Co** and Zn**, which are linked to imidazole-
based ligands. Although their coordination bonds are not as sta-
ble as those found in zeolite, several ZIFs, such as ZIF-8, ZIF-11
and ZIF-69, can maintain their framework stability in boiling sol-
vents.2 Among ZIF material, ZIF-8, which is constructed from Zn**
and 2-methylimidazole with sodalite (SOD) topology, is the most
extensively studied.® This might be due to various factors, such as
its relatively mild reaction conditions, considerably fast reaction
time, framework flexibility and stability, and molecular sieving
potential ability based on its pore aperture.*

Recently, there has also been a growing interest in turning ZIF-8
into a membrane. Figure 1 shows the trends in publications on
ZIF-8-based membranes and applications. In general, the synthe-
sis of ZIF-8-based membranes could be accomplished by two dif-
ferent methods. In the first method, ZIF-8 particles are dispersed
in a polymer matrix, which is then cast into a membrane. This
approach is known as mixed matrix membranes (MMMs).” In the
second method, ZIF-8 is fabricated as a selective thin layer, which
is grown on a porous substrate.® Both inorganic and polymeric
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substrates have been applied to synthesize ZIF-8 membranes.
However, compared with inorganic materials, polymeric materials
could offer more benefits, particularly since they are more easily
processed and considerably cheaper than inorganic substrates,
such as alumina, which could hamper the industrial implementa-
tion of ZIF-8 membrane.” Growing a defect-free ZIF-8 membrane
on a polymeric substrate could then produce a low-cost mem-
brane that is more scalable and more industrially attractive.”
Therefore, this review focuses on the development of ZIF-8 mem-
brane on polymeric substrates. The review is divided into three
main sections: fabrication strategies, various promising applica-
tions, and challenges and future perspectives.
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Figure 1. Number of published papers related to ZIF-8-based membrane, indexed by Scopus. The inserted pie chart illustrates the distribution of ZIF-8

membrane applications.

FABRICATION STRATEGIES OF ZIF-8
MEMBRANES ON POLYMERIC SUBSTRATES

The techniques employed to fabricate ZIF membranes on poly-
meric substrate can be classified into two techniques: in situ
growth and secondary growth techniques. The processes are
depicted in Fig. 2(A) and (B), respectively. There are also other fab-
rication techniques that could be used, such as counter-diffusion.
These strategies are discussed below.

In situ growing method

In situ growing is one method to fabricate a ZIF-based membrane
without a particle seeding step. During the synthesis, a porous
support is soaked orimmersed in ZIF precursor solutions at a con-
trolled temperature.®® Both nucleation and crystal growing steps
occur simultaneously since no crystal seed is provided during the
membrane fabrication, resulting in a defect-free ZIF membrane
layer on the polymeric substrates. Both flat-sheet and hollow fibre
membrane configurations have been utilized to grow defect-free
ZIF membranes using this strategy.

The simplest strategy to grow ZIF-8 membrane based on this
method is to directly immerse the polymeric substrate into MOF
precursor solutions. Various polymers have been investigated
using this approach, such as polysulfone (PSF),'® polyphenylsul-
fone (PPSU)'" and polyimide (PI)." In this approach, controlling
the synthesis condition is important since it will affect both the
particle size of the ZIF-8 and the final membrane structure.'®'?
Apart from direct immersion, in situ growing could also be accom-
plished by first depositing a metal precursor on a polymeric sub-
strate, followed by crystal growing. ZnO has been investigated
for use as a metal precursor deposited on polyacrylonitrile (PAN)
polymeric substrate.'® The layer was then converted into a ZIF-8
membrane once the substrates underwent a solvothermal
reaction. A similar approach has also been used by depositing
Zn-based gel on various polymeric substrates, such as polyether
sulfones (PES), polyvinylidene fluoride (PVDF), PAN and PSF.'* In
situ growing technique can also be combined with other
approaches, such as layer-by-layer deposition method as
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depicted in Fig. 2(D).""'> When using this technique, the poly-
meric substrate was first immersed in a precursor solution con-
taining the metal ions. It was then subsequently immersed in a
ligand precursor solution, followed by washing and drying. This
procedure was repeated several times to obtain a few ZIF-8 layers
on the polymeric substrate.

Although relatively simple, one of the main challenges for fabri-
cating using unmodified polymers is relatively weak interaction
between the particle and the substrate. Another challenge is the ten-
dency of the particles to self-aggregate on the surface or inside the
pores of polymeric support. The presence of aggregates will form
defects that can reduce the selectivity and/or rejection capacity of
the membranes. The aggregation of particles can be alleviated by
modifying the surface of the particles, such as surface functionaliza-
tion to adjust the hydrophilicity/hydrophobicity of the particles or
to add additional functional groups, thus enhancing particle—polymer
interaction.'®* Efforts to create either more hydrophilic or hydro-
phobic surface can be achieved by various techniques, including
the application of 1H,1H,2H,2H-perfluorodecyltriethoxydsilane (FAS-
17) or 5,6-dimethylbenzimidazole (DMBIM) to decrease the particle’s
surface energy,'** postsynthetic covalent modification,?®*” dip coat-
ing or spray coating in hydrophobic solution.?' In addition, the sur-
face of polymeric substrate can be modified to provide a
superhydrophobic surface that can enhance its interaction with the
particles.'® Furthermore, it was also observed that more than one step
synthesis is required to obtain a defect-free ZIF membrane.'® This can
then be addressed, for example, by slightly modifying the synthesis
process by gradually removing the solvent during ZIF-8 membrane
synthesis. This step contributes to increasing reactant concentration
during membrane synthesis and thus enhances ZIF-8 crystallization
on PAN substrate, resulting in a defect-free membrane.?®

Another way to address the polymer—particle interaction issue is
to modify the polymeric substrates. Introducing a heterogeneous
nucleation site on top of the polymeric substrate is one way to
address the issue. This could be accomplished, for instance, by
depositing a non-activated ZnO layer.*° Differing from ZnO as
the metal source for membrane growing, the non-activated state
of ZnO will limit the involvement of Zn** ion from ZnO to form
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Figure 2. Various techniques to synthesize ZIF-8 membrane on polymeric substrates: (A) in situ growth; (B) secondary growth; (C) counter-diffusion;
(D) layer-by-layer; (E) interfacial; and (F) phase transformation interfacial growth; Note: Hmim = 2-methylimidazole.

ZIF-8 during membrane formation. Therefore, ZnO will act as a
heterogeneous nucleation site that could establish a stronger
anchor between the PVDF substrate and the particle. A TiO, layer
coated on an 3-aminopropyl)triethoxysilane-functionalized PVDF
substrate has also been shown to be able to act as a heterogenous
nucleation site where a defect-free ZIF-8 membrane could be
directly grown by immersing in the MOF precursor solutions with-
out further pre-seeding.'®3"32

Another way to address the interaction issue is to introduce new
functional groups on to the polymeric substrate that could estab-
lish a stronger bond with the ZIF-8 particles. Modification of PVDF
through ammoniation has been reported for enabling the fabrica-
tion of an ultrathin ZIF-8 membrane through vapor phase conver-
sion of deposited Zn0.2* The structural integrity of the ultrathin
membrane showed enhanced polymer-particle interaction. Ethyle-
nediamine (EDA) has also been employed to introduce amine
groups on to a bromomethylated poly(2,6-dimethyl-1,4-phenylene
oxide (BPPO) polymeric substrate by reaction with its bromine
(—CH,Br) group. EDA contributes in various ways to obtaining a
defect-free ZIF-8 membrane, such as by providing heterogeneous
nucleation sites and covalently binding the Zn>*.3* Polymeric sub-
strate modification could also be accomplished by hydrolysis. This
has been investigated on a PAN support, which was modified by
NaOH solution. The process successfully hydrolysed the CN group
to be carboxyl group, hence establishing a stronger bond with
the metal ion during growth of the ZIF-8 layer.>

Secondary growing method

Although relatively simple, the in situ growing technique of ZIF-8
membranes faces some challenges particularly in controlling the
growing of particles on the substrate surface. To enhance the per-
formance of ZIF membranes, several studies have employed a
secondary growing technique to produce defect-free ZIF mem-
branes. In the secondary growing technique, the nucleation and
crystal growing steps are separated and thus offer better control
on the microstructure of the membranes.

Seeding the polymeric substrate is the first step in accom-
plishing this method. This step is also crucial since a homoge-
neous particle seeding across the substrate surface is highly
required to obtain a homogeneous ZIF-8 membrane. Once
the seeding process is complete, the substrate is subjected to
secondary growing to obtain ZIF-8 membranes through vari-
ous methods such as solvothermal and microwave-assisted
techniques.3®

There are various techniques to coat the substrate surface with
ZIF-8 particles. Rubbing could be used to introduce the seed on to
the polymeric substrate. This strategy has been used to grow a
thin film of ZIF-8 on the surface of PES by first rubbing the support
surface with ZIF-8 seed particles, followed by immersing the sub-
strate in the ZIF-8 synthesis solution for secondary growing.>’ Dip
coating is also another simple strategy to introduce ZIF seeds on
to a polymeric substrate.® In this case, the polymeric substrate
is dipped in a suspension containing ZIF-8 particles, followed by
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drying. Another method that could be used is spin coating. This
technique has been used to introduce a mixed seed containing
ZIF-8 and 2D graphene oxide (GO) on a Nylon substrate.>® Spin
coating can offer better control coating through parameter
adjustment.

Particle seed can also be generated in situ on the polymeric sub-
strate. In this scenario, the ZIF-8 seed is generated on the poly-
meric substrate rather than prepared in advance. This has been
investigated using Matrimid hollow fibre as a polymeric sub-
strate.*® The metal solution was first pumped into the bore side
of the hollow fibre, followed by pumping the ligand solution.
While the ligand solution is still being pumped, the hollow fibre
is placed in a microwave to induce crystallization process. The
microwave-assisted seeding process is believed to improve
the interaction of both physical and chemical bonding between
the seeds and the substrate. The seeded hollow fibre is then fur-
ther subjected to secondary growing by pumping a ZIF-8 synthe-
sis solution into the bore side. Another technique is to introduce a
metal source that could be converted into ZIF-8 seeds. This tech-
nique has been used to deposit a composite layer consisting of
gelatin and zinc hydroxide nanostrands (ZHN) on a PVDF hollow
fibre substrate through filtration.*' The layer could be deposited
either inside or outside the hollow fibre. The ZHN in the layer
was then converted into ZIF-8 seeds once immersed in the ZIF-8
precursor solution in the first step, which was then followed by
secondary growing to form the ZIF-8 membrane.

As in in situ growing, polymeric support modification could also
be employed to enhance the adhesion of ZIF-8 membranes on
the support. This has been investigated using vapour phase mod-
ification to add amine functional groups and reduce the pore size
of the support. This technique could produce a ZIF-8 membrane
with a relatively continuous structure.3* Two-step polymeric sup-
port modification could also be conducted to further enhance the
adhesion of ZIF-8 membrane on a Pl support layer.3® The first step
involved modifying the Pl support with EDA to introduce an
amine functional group. The amine functional group was then fur-
ther covalently bonded with imidazole-2-carboxaldehyde (ICA) to
produce homogeneous seeds. The modified support was then
immersed in ZIF-8 solution for particle seeding, followed by sec-
ondary growing.

Another approach to modify the polymeric substrate is to turn it
into a mixed matrix support. Using ZnO as the nanofiller in poly-
etherimide (PEl) polymer matrix, a continuous and defect-free
ZIF-8 membrane has been successfully fabricated. The substrate
was first seeded with ZIF-8 particles through a combination of
rubbing and dip coating method, followed by secondary growing.
ZnO is assumed to act as a secondary source of metal ion to
enhance ZIF-8 adhesion to the support.*? ZIF-8 seed could also
be directly embedded into a polymer, resulting in a mixed matrix
membrane support.*> Upon secondary growing, a continuous
ZIF-8 membrane could be uniformly grown on the mixed matrix
support.

Other approaches

In addition to in situ and secondary growing methods, several
studies offer new and innovative techniques to grow ZIFs layer
on the surface of polymeric substrate. One strategy is through a
counter-diffusion technique, which is depicted in Fig. 2(C). In this
strategy, the polymeric substrate acts as a barrier between the
metal and ligand precursor solution.** The reaction then occurs
at the interface, resulting in ZIF membranes that could be grown
on either side of the membrane depending upon the synthesis
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conditions and configuration. This technique has been shown to
grow a ZIF-8 membrane on a Nylon** and poly-thiosemicarbazide
polymeric substrate.*®

One of the key challenges in this approach is to control the dif-
fusion process of both metal and ligand. Uncontrolled diffusion
leads to the formation of membrane defects.*® This could then
be addressed using various approaches such as substrate modifi-
cation. BPPO covalently bonded to EDA has been proven to
address this issue. EDA can act as an anchor for the metal precur-
sor to control its diffusion, so that its concentration is higher on
the metal side of the substrate, resulting in a well-controlled con-
dition for ZIF-8 membrane growth.*” A polymeric substrate with
narrower pore size than in a microfiltration range could also be
employed to control the diffusion process, since it offers better
control for the transport of both metal and ligand. This has been
shown by using a composite substrate of polydopamine and
single-wall carbon nanotube (PD/SWCNT) to fabricate a ZIF-8
membrane.*® Another strategy is to utilize a 2D material that
could act as a confined space and barrier between the two reac-
tants. This has been investigated by using a mixed-seed of ZIF-8
and 2D GO coated on a Nylon substrate. The presence of the 2D
layer offers better crystallization control during the counter-
diffusion process and thus can produce an ultra-thin ZIF-8
membrane.®

Interfacial synthesis (Fig. 2E) can also be employed to produce a
defect-free ZIF-8 membrane on a polymeric substrate. This strat-
egy is inspired by the interfacial polymerization technique, which
has been widely investigated to fabricate a thin-film composite
membrane. Differing from counter-diffusion, the main idea of
interfacial synthesis is to use two immiscible liquids as solvents
for metal and ligand precursors. The reaction occurs at the inter-
face between the two liquids. Using this strategy, a defect-free
ZIF-8 membrane can be fabricated using PES as the substrate.*®*°
The substrate was first immersed in the aqueous metal precursor
solution, followed by immersion in ligand precursor in an organic
solvent. A longer reaction time with higher ligand:metal ratio fab-
ricated on a denser polymeric substrate was found to be benefi-
cial in producing a defect-free ZIF-8 membrane.*®*°

Another innovative method to grow a ZIF-8 membrane on a
polymeric substrate is through microfluidic continuous proces-
sing. There are two possible scenarios in this case. The first option
is to continuously flow both metal and ligand solutions on one
side of the substrate. They could be flowed simultaneously® or
in sequence.®’ In this scenario, the ZIF-8 membrane will grow on
the side where the reagent solution is flowed, and controlling
the flow rate is important to obtain a defect-free membrane.°
Another scenario is to flow both metal and ligand solutions sepa-
rately, with the polymeric substrate acting as a barrier separating
both solutions.>>~>* Differing from the first scenario, the second
scenario offers more flexibility to grow the membrane on either
side of the membrane, depending on the location of the metal
reagent.>>3 Various processing parameters can then affect the
resulting ZIF-8 membrane formation in this scenario, such as sol-
vent selection to dissolve the reagents, flow rate of the reagent
solution, polymeric substrate porosity and heat pretreatment of
polymeric substrate before membrane formation.>*>*

Another strategy that could be employed is by integrating the
ZIF particle synthesis with conventional membrane fabrication.
Li and coworkers described this strategy as phase transformation
interfacial growth (PTIG), as depicted in Fig. 2(F).>> This was
started by first dissolving the PES as the polymeric substrate with
Zn metal precursor in a solvent. After casting the first precursor
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solution, it was then immersed in a coagulation bath containing
2-methylimidazole and poly(sodium 4-styrenesulfonate) (PSS) to
induce non-solvent-induced phase separation to form a continu-
ous layer of ZIF-8 membrane on the polymer substrate. The role
of the PSS is to heal the intercrystalline defects of the ZIF-8.

APPLICATIONS OF ZIF-8 MEMBRANES ON
POLYMERIC SUBSTRATES

Once successfully turned into a membrane on a polymeric sub-
strate, ZIF-8 membranes can be used for various applications,
which will be discussed below.

Gas and hydrocarbon separation

Gas separation is one of the most widely investigated fields for
ZIF-8-based membranes grown on a polymeric substrate. This is
due to the pore aperture of ZIF-8 (0.34 nm), which is suitable for
performing molecular sieving once a defect-free membrane could
be fabricated, particularly for H, (kinetic diameter 0.29 nm) and
CO, (kinetic diameter 0.33 nm) separation against other gases.
The membrane could then be applied, for example, in the field
of both pre- and post-combustion CO, separation.

Apart from gas separation, ZIF-8 has also been widely investi-
gated for hydrocarbon separation. Particular attention has been
given to olefin/paraffin separation, since performing this separa-
tion using a membrane could significantly improve the current
process in terms of energy consumption.>® This application has
also been investigated with a ZIF-8 membrane grown on a poly-
meric substrate with emphasis on propylene/propane separation,
which is currently performed using cryogenic distillation, since
the molecular structure of ZIF-8 is suitable for performing this sep-
aration.*> A defect-free ZIF-8 membrane thus exhibits high pro-
pylene permeance while maintaining a satisfactory separation
factor.”

Compared with ZIF-8 grown on an inorganic substrate, ZIF-8
membrane on a polymeric substrate might suffer both lower per-
meance and separation factor. This could be for several reasons,
such as polymeric chain rigidification during high-temperature
synthesis conditions*® and membrane cracking during handling
because of the flexibility of the polymer.'® Despite this, mem-
branes with satisfactory gas separation performance could still
be obtained in the absence of ZIF-8 intercrystalline defects. Cer-
tain strategies could then be employed, such as growing nano-
sized rather than micro-sized crystals'® and coating with other
polymers such as PDMS on top of the ZIF-8 layer.'® A summary
of gas and hydrocarbon separation performance of various ZIF-8
membranes grown on polymeric substrates is given in Table 1.

Pervaporation
Pervaporation is a membrane-based separation process where a
liquid mixture is separated based on the vaporization of one of
its constituents. The vaporization occurs because the permeate
side of the membrane is operated under vacuum. Since the vapor
phase is involved in pervaporation, the ZIF-8 membrane could be
suitable for carrying out the process because of its hydrophobic
properties.®® This application has then been investigated either
by using ZIF-8 as a porous filler to form a mixed matrix membrane
or as free-standing membrane.>*°

This objective could also be then carried out using ZIF-8 mem-
brane grown on a polymeric substrate. Zhao and coworkers have
shown this by growing ZIF-8 on a modified PI substrate for dehy-
dration of isopropanol.®® This is based on the kinetic diameter of
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the water molecule (0.265 nm), which is able to pass through
the ZIF-8 pore aperture. It was observed that introducing ZIF-8
membrane on to the substrate could enhance the separation fac-
tor compared with only modified PI. The separation factor could
be further improved with a thicker ZIF-8 layer and additional poly-
mer coating (PDA or PDMS) since, as in gas separation, the addi-
tional coating could contribute in healing the defects although
with the sacrifice of membrane flux.

Nanofiltration
Nanofiltration is another application field employing a ZIF-8
membrane that has been grown on a polymeric substrate. The
pore aperture of ZIF-8 is suitable for filtering Red Bengal
(RB) dye dissolved in water and ethanol.***° The rejection rate
was observed to be more than 90% and, although the solvents
used have a larger molecular size than the pore aperture of
ZIF-8, they could still permeate through because of the framework
flexibility of ZIF-8. This satisfactory performance, however, could
only be obtained under optimized ZIF-8 membrane synthesis
conditions. This could be achieved by using a less porous poly-
meric substrate, for example, since it could contribute in increas-
ing the ligand:metal ratio during the ZIF-8 membrane
fabrication, resulting in a defect-free membrane with higher rejec-
tion rate.*®

Rhodamine-B (RhB) is another dye molecule that could be fil-
tered by ZIF-8 membrane grown on PVDF substrate.*' Since RhB
diameter (1.1 nm) is larger than the ZIF-8 pore aperture, it could
be exclusively rejected, while the water could permeate easily
through the membrane. It was observed that more than 90%
rejection could be obtained with water permeance reaching
around 137 Lm=2h™" bar™".

Catalysis

Apart from separation, the ZIF-8 membrane also has the potential
to be employed in catalysing several reactions. It has been previ-
ously observed that ZIF-8 particles could be used as a catalyst for
transesterification of vegetable 0il®’ and in the Knoevenagel con-
densation reaction.® This ability could then be translated once it
is turned into a membrane. ZIF-8 membrane grown on Pl sub-
strate has been observed also to catalyse the Knoevenagel con-
densation reaction.'? Reactions of various aromatic aldehydes
and malononitrile could be carried out with the membrane, and
a comparable yield was obtained with a reaction catalysed by
2-methylimidazole, indicating their role as a weak base for the
reaction. Compared with using particles, utilizing the ZIF-8 in a
membrane form is more beneficial since the catalyst separation
process is not required once the reaction finishes.

CHALLENGES AND FUTURE PERSPECTIVES

Efforts to improve the separation performance and application of
ZIF-8 membrane have been made recently and can be distin-
guished by synthesis and application points of views. In terms of
membrane synthesis, there are various challenges in fabricating
a ZIF-8 membrane on a polymeric substrate that need to be
addressed in future research. From membrane formation, reduc-
ing the ZIF-8 membrane thickness is important since this could
significantly improve membrane productivity by increasing its
permeance. In microfluidic continuous processing, one of the
strategies is to limit the diffusion process of the reactants and thus
inhibit over-growing of the ZIF-8 membrane.>*® This could be
done, for example, by initially heating the polymeric substrate
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Table 1. Gas separation performance of ZIF-8 membranes grown on various polymeric substrates

PD Sutrisna et al.

. Selectivity
Thickness

Support Membrane fabrication method (pm) H, permeance® H,/CO, H,/N, Ref.
Poly-thiosemicarbazide Counter-diffusion 0.68 21 %1077 1737 (Hy/ 25.5 (CsHe/ 45

C3Hg) C3Hg)
PEI/ZnO Mixed matrix substrate 1.5 16 %107 22.4 (Hy/ 42

C3Hg)
PSF None 35 2x 1077 10.5 (Ho/CH,) 124 10
PD/SWCNT Counter-diffusion ~0.55 6.31 43 NA 46
PES In situ growth using Zn-based gel 20 111 x 1077 NA 227 14

deposition
PPSU Layer-by-layer in situ growing directed 32 76 x 1078 6.4 (CO,/CH,) 125 1
with PEBAX 5.7 (CO,/Ny)
In situ growing directed with PEBAX 30 46 x 1078 7.3 (CO,/CHy) 144
6.9 (CO,/Ny)

PSF Continuous processing 3.6 47 x107° 2.6 18.3 50
ZIF-8/PES composite Secondary growing 6.5-8 7.3 x 107° (CO,) 14.6 (CO,/ 43

CHy)
PVDF Non-activated ZnO coating ~50 20.1 x 1077 16.3 18.1 30
PVDF hollow fibre TiO, functionalized ~1 201 7 7.8 16
PVDF hollow fibre Ammoniation ~40 2443 12.18 14.31 57
PAN hollow fibre Dehydrogenation <1 3.05 6.85 N/A 35
Nylon hollow fibre Counter-diffusion ~16 126.2 N/A 3.7 44
Porous PSF Micro-nanosized growth ~50 2.0 N/A 124 10
BPPO Chemical modification 0.2 20.5 12.8 9.7 34
BPPO flat sheet Counter-diffusion ~2 7.5 5.1 8.3 47
Torlon HF Continuous processing 8.5 22 GPU 22 (CO,/Ny) 53
Matrimid Secondary growing 0.8 1832 x 1071° 45.5 (CsHe/ 40

(C3He) CsHg)

2 Permeance units are 10~ mol m™2s~' Pa~".

during the first step of membrane formation. This step will induce
faster crystallization and create a thin, dense crystal layer which
acts as an additional resistance for the transport of reactants
and thus inhibit ZIF-8 membrane formation, resulting in a thinner
membrane.>* Another way to create a thinner membrane is by
reducing the ZIF-8 particle size and enhancing interaction
between the ZIF layer and porous support. The reduction in parti-
cle size can potentially provide better crystal packing during ZIF-8
growth on the polymeric substrate. This reduction can be pre-
pared by controlling the crystal growth to produce smaller-size
crystals with narrow crystal size distribution (CSD).2 Improved
interaction between the support and ZIF-8 layer can be achieved
by functionalization of the support and ZIF-8, as well as improving
the membrane intergrowth through chemical, physical, thermal
and improved seeding techniques.®%*

There are also several challenges from the application point of
view. Although usually exhibiting sharp molecular sieving
between H, and other larger gases, ZIF-8 membrane grown on a
polymeric substrate is rarely investigated for other promising
gas separation applications such as for CO, separation (CO,/N,
or CO,/CH,). Although the kinetic diameter of CO, is just below
the pore aperture of ZIF-8, the kinetic diameter similarities of
the gas pairs could make the separation process more challeng-
ing, which could be exacerbated by the ZIF-8 framework flexibil-
ity.” Testing the ZIF-8 membrane under real conditions for gas
separation is also necessary, since ZIF-8 is a weak base and thus
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prone to framework destruction, particularly in the presence of
contaminants and acid gases such as H,S.”

Another application challenge is related to the stability of the
ZIF-8 membrane for liquid-based separation. A previous report
has shown the issue of ZIF-8 framework stability under hydrother-
mal conditions both as particles or in membrane form.5>¢¢ This
issue must then be considered if the membrane is to be applied
in liquid-based applications, so the performance will not be com-
promised. This issue could be addressed, for example, by modify-
ing and functionalizing the ZIF-8 membrane so that its
hydrothermal resistance could be improved.

In addition, to realize the industrial application of ZIF-8 mem-
brane, it is very important to consider using a more environmen-
tally benign solvent during ZIF-8 membrane development and
fabricating the ZIF-8 membrane using low-energy techniques to
reduce production costs and to ensure the sustainability of our
environment.*?

CONCLUSIONS

This review has successfully illustrated recent advances in the fab-
rication of ZIF-8 membrane on a polymeric substrate. Various
strategies can be employed to grow a defect-free ZIF-8 mem-
brane, the simplest being through in situ growing. Although rela-
tively simple, this approach usually suffers from poor particle-
polymer substrate interaction. This could then be improved by
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modifying the substrate or through secondary growing to build a
stronger anchor between the particle and the substrate. Apart
from these methods, various innovative approaches could also
be used to grow ZIF-8 on a polymeric substrate. One of the most
widely investigated is through counter-diffusion and microfluidic
continuous processing.

Once a defect-free ZIF-8 membrane is obtained, it could then be
employed for various applications. One of the most widely inves-
tigated is for H, separation and propylene/propane separation,
since its pore aperture is ideal to perform these separations. How-
ever, there is also a possibility to extend this to other gas separa-
tions, although some modifications are required. In addition,
various liquid-based separations such as nanofiltration and per-
vaporation have been investigated. However, this should be trea-
ted cautiously as some investigations have also shown ZIF-8
framework instability under hydrothermal conditions.

ACKNOWLEDGEMENTS

The authors gratefully acknowledge financial support from the
Ministry of Research and Higher Education of Indonesia under
the National Competitive Fundamental Research Grant under
contract No. 028/SP-Lit/LPPM-01/RistekBRIN/Multi/FT/I1l/2020.
This research is partially funded by the Indonesian Ministry of
Research, Technology and Higher Education under the WCU Pro-
gram managed by Institut Teknologi Bandung.

REFERENCES
1 Shah M, McCarthy MC, Sachdeva S, Lee AK and Jeong H-K, Current sta-
tus of metal-organic framework membranes for gas separations:
promises and challenges. Ind Eng Chem Res 51:2179-2199 (2011).

Park KS, Ni Z, Cote AP, Choi JY, Huang R, Uribe-Romo FJ et al., Excep-
tional chemical and thermal stability of zeolitic imidazolate frame-
works. Proc Natl Acad Sci USA 103:10186-10191 (2006).

Zhang C, Lively RP, Zhang K, Johnson JR, Karvan O and Koros WJ, Unex-
pected molecular sieving properties of zeolitic imidazolate
framework-8. J Phys Chem Lett 3:2130-2134 (2012).

4 Lai Z, Development of ZIF-8 membranes: opportunities and challenges
for commercial applications. Curr Opin Chem Eng 20:78-85 (2018).

Vinoba M, Bhagiyalakshmi M, Algaheem Y, Alomair AA, Pérez A and
Rana MS, Recent progress of fillers in mixed matrix membranes for
CO, separation: a review. Sep Purif Technol 188:431-450 (2017).

6 Gong X, Wang Y and Kuang T, ZIF-8-based membranes for carbon diox-
ide capture and separation. ACS Sustain Chem Eng 5:11204-11214
(2017).

Zhang C and Koros WJ, Zeolitic imidazolate framework-enabled mem-
branes: challenges and opportunities. J Phys Chem Lett 6:3841-3849
(2015).

Venna SR and Carreon MA, Metal organic framework membranes for
carbon dioxide separation. Chem Eng Sci 124:3-19 (2015).

Melgar VMA, Kim J and Othman MR, Zeolitic imidazolate framework
membranes for gas separation: a review of synthesis methods and
gas separation performance. J Ind Eng Chem 28:1-15 (2015).

10 Cacho-Bailo F, Seoane B, Téllez C and Coronas J, ZIF-8 continuous

membrane on porous polysulfone for hydrogen separation.
J Membr Sci 464:119-126 (2014).

11 Jomekian A, Behbahani RM, Mohammadi T and Kargari A, Innovative
layer by layer and continuous growth methods for synthesis of
ZIF-8 membrane on porous polymeric support using poly(ether-
block-amide) as structure directing agent for gas separation. Micro-
porous Mesoporous Mater 234:43-54 (2016).

12 Jin R, Bian Z, Li J, Ding M and Gao L, ZIF-8 crystal coatings on a polyi-
mide substrate and their catalytic behaviours for the Knoevenagel
reaction. Dalton Trans 42:3936-3940 (2013).

13 Neelakanda P, Barankova E and Peinemann K-V, Polymer supported
ZIF-8 membranes by conversion of sputtered zinc oxide layers.
Microporous Mesoporous Mater 220:215-219 (2016).

14 SuP,LiW, Zhang C, Meng Q, Shen Cand Zhang G, Metal based gels as
versatile precursors to synthesize stiff and integrated

N

w

w

~N

o)

o)

J Chem Technol Biotechnol 2020

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

© 2020 Society of Chemical Industry

WWW.S0Ci.org

MOF/polymer composite membranes. J Mater Chem A 3:
20345-20351 (2015).

Nagaraju D, Bhagat DG, Banerjee R and Kharul UK, In situ growth of
metal-organic frameworks on a porous ultrafiltration membrane
for gas separation. J Mater Chem A 1:8828-8835 (2013).

Hou J, Sutrisna PD, Zhang Y and Chen V, Formation of ultrathin, contin-
uous metal-organic framework membranes on flexible polymer
substrates. Angew Chem Int Ed 128:4015-4019 (2016).

Han J, Yue Y, Wu Q, Huang C, Pan H, Zhan X et al., Effects of nanocellu-
lose on the structure and properties of poly(vinyl alcohol)-borax
hybrid foams. Cellulose 24:4433-4448 (2017).

Zhong L and Gong X, Phase separation-induced superhydrophobic
polylactic acid films. Soft Matter 15:9500-9506 (2019).

Peng J, Zhao X, Wang W and Gong X, Durable self-cleaning surfaces
with superhydrophobic and highly oleophobic properties. Langmuir
35:8404-8412 (2019).

Gao S, Tang G, Hua D, Xiong R, Han J, Jiang S et al., Stimuli-responsive
bio-based polymeric systems and their applications. J Mater Chem B
7:709-729 (2019).

Wang Y and Gong X, Special oleophobic and hydrophilic surfaces:
approaches, mechanisms, and applications. J Mater Chem A 5:
3759-3773 (2017).

Wang Y and Gong X, Superhydrophobic coatings with periodic ring
structured patterns for self-cleaning and oil-water separation. Adv
Mater Interfaces 4:1700190 (2017).

Li Z, Zhao X, Huang C and Gong X, Recent advances in green fab-
rication of luminescent solar concentrators using nontoxic
quantum dots as fluorophores. J Mater Chem C 7:12373-12387
(2019).

Liang J, Huang C and Gong X, Silicon nanocrystals and their compos-
ites: syntheses, fluorescence mechanisms, and biological applica-
tions. ACS Sustain Chem Eng 7:18213-18227 (2019).

Yuan J, Li Q, Shen J, Huang K, Liu G, Zhao J et al., Hydrophobic-
functionalized ZIF-8 nanoparticles incorporated PDMS membranes
for high-selective separation of propane/nitrogen. Asia-Pac J Chem
Eng 12:110-120 (2017).

Nguyen JG and Cohen SM, Moisture-resistant and superhydrophobic
metal—organic frameworks obtained via postsynthetic modifica-
tion. J Am Chem Soc 132:4560-4561 (2010).

Mukherjee S, Sharma S and Ghosh SK, Hydrophobic metal-organic
frameworks: potential toward emerging applications. APL Mater 7:
050701 (2019).

Himma Nurul F, Prasetya N, Anisah S and Wenten IG, Superhydropho-
bic membrane: progress in preparation and its separation proper-
ties. Rev Chem Eng 35:211-238 (2017).

Isaeva VI, Barkova MI, Kustov LM, Syrtsova DA, Efimova EA and
Teplyakov VV, In situ synthesis of novel ZIF-8 membranes on
polymeric and inorganic supports. J Mater Chem A 3:7469-7476
(2015).

Li W, Meng Q, Li X, Zhang C, Fan Z and Zhang G, Non-activation ZnO
array as a buffering layer to fabricate strongly adhesive metal-
organic framework/PVDF hollow fiber membranes. Chem Commun
50:9711-9713 (2014).

Hou J, Sutrisna PD, Wang T, Gao S, Li Q, Zhou C et al., Unraveling the
interfacial structure-performance correlation of flexible metal-
organic framework membranes on polymeric substrates. ACS Appl
Mater Interfaces 11:5570-5577 (2019).

Hou J, Sutrisna PD, Li L and Chen V, Organic-inorganic nanocomposite
membranes for molecular separation and bioapplications. IOP Conf
Ser Mater Sci Eng 703:012029 (2019).

LiW, SuP, LiZ, Xu Z, Wang F, Ou H et al., Ultrathin metal-organic frame-
work membrane production by gel-vapour deposition. Nat Com-
mun 8:406 (2017).

Shamsaei E, Low Z-X, Lin X, Mayahi A, Liu H, Zhang X et al., Rapid syn-
thesis of ultrathin, defect-free ZIF-8 membranes via chemical vapour
modification of a polymeric support. Chem Commun 51:
11474-11477 (2015).

Li W, Yang Z, Zhang G, Fan Z, Meng Q, Shen C et al., Stiff metal-
organic framework-polyacrylonitrile hollow fiber composite mem-
branes with high gas permeability. J Mater Chem A 2:2110-2118
(2014).

Liu C, Wu Y-N, Morlay C, Gu Y, Gebremariam B, Yuan X et al., General
deposition of metal-organic frameworks on highly adaptive
organic-inorganic hybrid electrospun fibrous substrates. ACS Appl
Mater Interfaces 8:2552-2561 (2016).

wileyonlinelibrary.com/jctb


http://wileyonlinelibrary.com/jctb

O

37

38

39

40

4

42

43

44

45

46

47

48

49

50

51

wileyonlinelibrary.com/jctb

WWW.S0Ci.org

Ge L, Zhou W, Du A and Zhu Z, Porous polyethersulfone-supported
zeolitic imidazolate framework membranes for hydrogen separa-
tion. J Phys Chem C 116:13264-13270 (2012).

Zhao X, Zhang H, Xu S and Wang Y, ZIF-8 membrane synthesized via
covalent-assisted seeding on polyimide substrate for pervaporation
dehydration. AIChE J 65:¢16620 (2019).

Hu Y, Wei J, Liang Y, Zhang H, Zhang X, Shen W et al., Zeolitic imidazo-
late framework/graphene oxide hybrid nanosheets as seeds for the
growth of ultrathin molecular sieving membranes. Angew Chem Int
Ed 55:2048-2052 (2016).

Lee MJ, Abdul Hamid MR, Lee J, Kim JS, Lee YM and Jeong H-K, Ultra-
thin zeolitic-imidazolate framework ZIF-8 membranes on polymeric
hollow fibers for propylene/propane separation. J Membr Sci 559:
28-34 (2018).

Guo Y, Wang X, Hu P and Peng X, ZIF-8 coated polyvinylidenefluoride
(PVDF) hollow fiber for highly efficient separation of small dye mol-
ecules. App Mater Today 5:103-110 (2016).

Barankova E, Pradeep N and Peinemann K-V, Zeolite-imidazolate
framework (ZIF-8) membrane synthesis on a mixed-matrix substrate.
Chem Commun 49:9419-9421 (2013).

Yeo ZY, Tan PY, Chai S-P, Zhu PW and Mohamed AR, Continuous poly-
crystalline ZIF-8 membrane supported on CO,-selective mixed
matrix supports for CO,/CH, separation. RSC Adv 4:52461-52466
(2014).

Yao J, Dong D, Li D, He L, Xu G and Wang H, Contra-diffusion synthesis
of ZIF-8 films on a polymer substrate. Chem Commun 47:2559-2561
(2011).

Barankova E, Tan X, Villalobos LF, Litwiller E and Peinemann K-V, A
metal chelating porous polymeric support: the missing link for a
defect-free metal-organic framework composite membrane. Angew
Chem Int Ed 56:2965-2968 (2017).

Zhang S, Wang Z, Ren H, Zhang F and Jin J, Nanoporous film-mediated
growth of ultrathin and continuous metal-organic framework mem-
branes for high-performance hydrogen separation. J Mater Chem A
5:1962-1966 (2017).

Shamsaei E, Lin X, Low Z-X, Abbasi Z, Hu Y, Liu JZ et al., Aqueous phase
synthesis of ZIF-8 membrane with controllable location on an asym-
metrically porous polymer substrate. ACS App Mater Interfaces 8:
6236-6244 (2016).

Li Y, Wee LH, Martens JA and Vankelecom IFJ, Interfacial synthesis of
ZIF-8 membranes with improved nanofiltration performance.
J Membr Sci 523:561-566 (2017).

Li Y, Wee LH, Volodin A, Martens JA and Vankelecom IFJ, Polymer sup-
ported ZIF-8 membranes prepared via an interfacial synthesis
method. Chem Commun 51:918-920 (2015).

Cacho-Bailo F, Catalan-Aguirre S, Etxeberria-Benavides M, Karvan O,
Sebastian V, Téllez C et al., Metal-organic framework membranes
on the inner-side of a polymeric hollow fiber by microfluidic synthe-
sis. J Membr Sci 476:277-285 (2015).

Maya F, Palomino Cabello C, Clavijo S, Estela JM, Cerda V and
Palomino GT, Automated growth of metal-organic framework coat-
ings on flow-through functional supports. Chem Commun 51:
8169-8172 (2015).

52

53

54

55

56

57

58

59

60

6

iy

62

63

64

65

66

© 2020 Society of Chemical Industry

PD Sutrisna et al.

Brown AJ, Brunelli NA, Eum K, Rashidi F, Johnson JR, Koros WJ et al.,
Interfacial microfluidic processing of metal-organic framework hol-
low fiber membranes. Science 345:72-75 (2014).

Marti AM, Wickramanayake W, Dahe G, Sekizkardes A, Bank TL,
Hopkinson DP et al.,, Continuous flow processing of ZIF-8 mem-
branes on polymeric porous hollow fiber supports for CO, capture.
ACS Appl Mater Interfaces 9:5678-5682 (2017).

Eum K, Rownaghi A, Choi D, Bhave RR, Jones CW and Nair S, Fluidic pro-
cessing of high-performance ZIF-8 membranes on polymeric hollow
fibers: mechanistic insights and microstructure control. Adv Funct
Mater 26:5011-5018 (2016).

Li Q, Li J, Fang X, Liao Z, Wang D, Sun X et al., Interfacial growth of
metal-organic framework membranes on porous polymers via
phase transformation. Chem Commun 54:3590-3593 (2018).

Sholl DSL and Ryan P, Seven chemical separations to change the world.
Nat News 532:435-437 (2016).

Li W, Meng Q, Zhang C and Zhang G, Metal-organic framework/PVDF
composite membranes with high H, permselectivity synthesized by
ammoniation. Chemistry 21:7224-7230 (2015).

Zhang K, Lively RP, Zhang C, Chance RR, Koros WJ, Sholl DS et al.,
Exploring the framework hydrophobicity and flexibility of ZIF-8:
from biofuel recovery to hydrocarbon separations. J Phys Chem Lett
4:3618-3622 (2013).

Bai Y, Dong L, Zhang C, Gu J, Sun Y, Zhang L et al., ZIF-8 filled polydi-
methylsiloxane membranes for pervaporative separation of n-
butanol from aqueous solution. Sep Sci Technol 48:2531-2539 (2013).

Liu G, Jiang Z, Cao K, Nair S, Cheng X, Zhao J et al., Pervaporation per-
formance comparison of hybrid membranes filled with two-
dimensional ZIF-L nanosheets and zero-dimensional ZIF-8 nanopar-
ticles. J Membr Sci 523:185-196 (2017).

Chizallet C, Lazare S, Bazer-Bachi D, Bonnier F, Lecocq V, Soyer E et al.,
Catalysis of transesterification by a nonfunctionalized metal
—organic framework: acido-basicity at the external surface of ZIF-8
probed by FTIR and ab initio calculations. J Am Chem Soc 132:
12365-12377 (2010).

Tran UPN, Le KKA and Phan NTS, Expanding applications of metal
—organic frameworks: zeolite imidazolate framework ZIF-8 as an
efficient heterogeneous catalyst for the Knoevenagel reaction. ACS
Catal 1:120-127 (2011).

Eum K, Ma C, Rownaghi A, Jones CW and Nair S, ZIF-8 membranes via
interfacial microfluidic processing in polymeric hollow fibers: effi-
cient propylene separation at elevated pressures. ACS Appl Mater
Interfaces 8:25337-25342 (2016).

Prasetya N, Himma NF, Sutrisna PD, Wenten |G and Ladewig BP, A
review on emerging organic-containing microporous material
membranes for carbon capture and separation. Chem Eng J 2019:
123575 (2019).

LiuX, LiY,BanY, PengY, Jin H, Bux H et al., Improvement of hydrother-
mal stability of zeolitic imidazolate frameworks. Chem Commun 49:
9140-9142 (2013).

Zhang H, Liu D, Yao Y, Zhang B and Lin YS, Stability of ZIF-8 membranes
and crystalline powders in water at room temperature. J Membr Sci
485:103-111 (2015).

J Chem Technol Biotechnol 2020


http://wileyonlinelibrary.com/jctb

Valume 95, Mumber 11, November 2020
155N 0268-2575

Journal of
Chemical Technology
and Biotechnology




Journal of Chemical Technology & Biotechnology

1of6

Advertisement

Journal of
Chemical Technology
and Biotechnology

Editorial Board

Executive Editorial Board

Dionissios Mantzavinos
Editor-in-Chief
University of Patras, Greece

Jack Melling
Emeritus Editor-in-Chief

Elena Baranova
Executive Editor
University of Ottawa, Ontario, Canada

Peter Hambleton
Executive Editor
Salisbury, UK

Dawid Hanak
Associate Editor
Cranfield University, UK

Xingang Li
Associate Editor
Tianjin University, Tianjin, China

Renata de Lima
Associate Editor
University of Sorocaba, Brazil

Stephen M Mahler
Associate Editor
University of Queensland, Australia

Inmaculada Ortiz

https://onlinelibrary.wiley.com/page/journal/10974660/homepage/edito...

)
SCl

where science
meets business

3/17/2022, 2:53 PM



Journal of Chemical Technology & Biotechnology https://onlinelibrary.wiley.com/page/journal/10974660/homepage/edito...

Associate Editor
University of Cantabria, Santander, Spain

Anurag Rathore
Associate Editor
Indian Institute of Technology, Delhi, India

Marco Rito-Palomares
Executive Editor
Tecnologico de Monterrey, Mexico

Bart Van der Bruggen
Executive Editor
University of Leuven, Belgium

Danae Venieri
Associate Editor
Technical University of Crete, Greece

Joachim Venus
Associate Editor
Leibniz Institute for Agricultural Engineering and Bioeconomy, Potsdam, Germany

Advisory Editorial Board

Frank Baganz
University College London, UK

Moises A Carreon
Colorado School of Mines, USA

Michael Cox
University of Hertfordshire, Hatfield, UK

Rathin Datta
Coskata, Inc., lllinois, USA

Andrew | Daugulis
Queen’s University, Canada

Riaan Den Haan
University of Stellenbosch, South Africa

Nazely Diban
University of Cantabria, Spain

Marcelo Fernandez-Lahore
Jacobs University, Bremen, Germany

Geoffrey Gadd

2 of 6 3/17/2022, 2:53 PM



Journal of Chemical Technology & Biotechnology

30f6

University of Dundee, UK

Ola M Gomaa
Egyptian Atomic Energy Authority, Egypt

Justin Hargreaves
University of Glasgow, UK

Ben Harvey
NAWCWD, California, USA

Ahmad Fauzi Ismail
Universiti Teknologi Malaysia, Malaysia

Malgorzata Jaworska
Warsaw University of Technology, Poland

Nalan Kabay
Ege University, Turkey

Alexandros Katsaounis
University of Patras, Greece

Christian Kennes
University of La Coruna, Spain

Tajalli Keshavarz
University of Westminster, London, UK

Jeonghwan Kim

INHA University, Incheon, Republic of Korea

Anton A Kiss
University of Manchester, UK

Adam Lee
Aston University, UK

Kang Li
Imperial College, London, UK

Fudong Liu
University of Central Florida, USA

Phil Longhurst
Cranfield University, UK

Patricia Luis
University of Leuven, Belgium

Helen Mason

https://onlinelibrary.wiley.com/page/journal/10974660/homepage/edito...

3/17/2022, 2:53 PM



Journal of Chemical Technology & Biotechnology https://onlinelibrary.wiley.com/page/journal/10974660/homepage/edito...

BP, UK

Sarika Mehra
Indian Institute of Technology Bombay, India

Daniele Molognoni
Leitat Technological Center, Spain

Chun Kiat Ng
University of Oxford, UK

Williams Olughu
Ipsen Group, UK

Guillermo Quijano Govantes
National Autonomous University of Mexico, Mexico

Om V Singh
John Hopkins University, Baltimore, USA

Fubao Sun
Jiangnan University, China

Eirini Theodosiou
Aston University, UK

Hai Nguyen Tran
Duy Tan University, Vietnam

Erick ] Vandamme
University of Ghent, Belgium

Leland Vane
US Environmental Protection Agency, Cincinnati, USA

Huaming Yang
Central South University, China

Humphrey Yiu
Heriot—Watt University, Edinburgh, UK

Hua Zhao
Howard University, USA

Tools

A Submit an Article

B Browse free sample issue

4 of 6 3/17/2022, 2:53 PM



Journal of Chemical Technology & Biotechnology: Vol 95, No 11 https://onlinelibrary.wiley.com/toc/10974660/2020/95/11

Journal of

Chemical Technology Osc I

and Biotechnology

where science
meets business

Volume 95, Issue 11

Pages: 2761-3050
November 2020

< Previous Issue | Next Issue >

GO TO SECTION

97 Export Citation(s)

| Issue Information

@ Free Access
Issue Information
Pages: 2761-2766 | First Published: 03 October 2020

First Page | PDF ‘ Request permissions

| Mini-review

A mini-review and recent outlooks on the synthesis and applications of zeolite
imidazolate framework-8 (ZIF-8) membranes on polymeric substrate

Putu Doddy Sutrisna, Nicholaus Prasetya, Nurul Faigotul Himma, | Gede Wenten
Pages: 2767-2774 | First Published: 05 April 2020

Abstract | Full text ‘ PDF ‘ References | Request permissions

1of 8 3/17/2022, 2:48 PM



Journal of Chemical Technology & Biotechnology: Vol 95, No 11 https://onlinelibrary.wiley.com/toc/10974660/2020/95/11

| Reviews

(3 Open Access

Current state of chitin purification and chitosan production from insects
Thomas Hahn, Elena Tafi, Aman Paul, Rosanna Salvia, Patrizia Falabella, Susanne Zibek
Pages: 2775-2795 | First Published: 10 July 2020

Abstract | Full text | PDF ‘ References ‘ Request permissions

Biotechnological recycling of critical metals from waste printed circuit boards

Rajiv R Srivastava, Sadia llyas, Hyunjung Kim, Sowon Choi, Ha B Trinh, Muhammad A Ghauri, Nimra
llyas

Pages: 2796-2810 | First Published: 13 May 2020

Abstract | Full text ‘ PDF ‘ References | Request permissions

| Research Articles

Solar light-induced photocatalytic degradation of methylparaben by g-C5N4 in
different water matrices

Olga S Arvaniti, Athanasia Petala, Athanasia-Artemis Zalaora, Dionissios Mantzavinos, Zacharias
Frontistis

Pages: 2811-2821 | First Published: 03 September 2020

Abstract ‘ Full text ‘ PDF ‘ References ‘ Request permissions

Economic evaluation of M13 bacteriophage production at large-Scale for
therapeutic applications using agueous Two-Phase systems

Mario Torres-Acosta, Alejandro Gonzalez-Mora, Federico Ruiz-Ruiz, Marco Rito-Palomares, Jorge
Benavides

Pages: 2822-2833 | First Published: 06 July 2020

Abstract | Full text | PDF ‘ References ‘ Request permissions

2 of 8 3/17/2022, 2:48 PM



Journal of Chemical Technology & Biotechnology: Vol 95, No 11 https://onlinelibrary.wiley.com/toc/10974660/2020/95/11

(3 Open Access

Application of rotating packed bed for in-line aroma stripping from cell slurry
llya Lukin, Isabell Wingartz, Gerhard Schembecker

Pages: 2834-2841 | First Published: 20 May 2020

Abstract | Full text | PDF ‘ References ‘ Request permissions

Enhanced visible light photocatalysis with E-waste-based V,0s/zinc—ferrite: BTEX
degradation and mechanism

Harshavardhan Mohan, Jeong-Muk Lim, Se-Won Lee, Jum Suk Jang, Yool-Jin Park, Kamala-Kannan
Seralathan, Byung-Taek Oh

Pages: 2842-2852 | First Published: 12 April 2020

Abstract ‘ Full text ‘ PDF ‘ References ‘ Request permissions

Effects of bubble size on the gas-liquid mass transfer of bubble swarms with Sauter
mean diameters of 0.38-4.88 mm in a co-current upflow bubble column

Zhengchao Wang, Kai Guo, Hui Liu, Chunjiang Liu, Yao Geng, Zhe Lu, Boya Jiao, Dengyue Chen
Pages: 2853-2867 | First Published: 17 April 2020

Abstract ‘ Full text ‘ PDF ‘ References ‘ Request permissions

Preparation, characterization, and application of nano-FeO,/Al,03/cordierite
monolithic catalysts for heterogeneous dark Fenton reaction

Alejandra A Martinez, Esther M Fixman, Analia L Canepa, Bibiana P Barbero
Pages: 2868-2878 | First Published: 19 April 2020

Abstract ‘ Full text ‘ PDF ‘ References ‘ Request permissions

A novel environment-friendly synthetic technology of dibutyl itaconate
Yue Yu, Shizhen Wang, Zhong Yang, Fang Wang, Li Deng
Pages: 2879-2885 | First Published: 19 April 2020

Abstract ‘ Full text ‘ PDF ‘ References ‘ Request permissions

Separation of Al(lll), Mo(VI), Ni(ll), and V(V) from model hydrochloric acid leach
solutions of spent petroleum catalyst by solvent extraction

Minh Nhan Le, Man Seung Lee

30f8 3/17/2022, 2:48 PM



Journal of Chemical Technology & Biotechnology: Vol 95, No 11 https://onlinelibrary.wiley.com/toc/10974660/2020/95/11

Pages: 2886-2897 | First Published: 19 April 2020

Abstract | Full text | PDF ‘ References ‘ Request permissions

Green synthesis of doped Co304 nanocatalysts using organic template for fast azo
dye degradation from aqueous environment

[rum Shaheen, Khuram Shahzad Ahmad
Pages: 2898-2910 | First Published: 19 April 2020

Abstract | Full text | PDF ‘ References ‘ Request permissions

Dry reforming of methane by Lag 5Srg sNiO3 perovskite oxides: influence of
preparation method on performance and structural features of the catalysts

Maryam Mousavi, Ali Nakhaei Pour, Mostafa Gholizadeh, Ali Mohammadi, Seyed Mehdi Kamali
Shahri

Pages: 2911-2920 | First Published: 20 April 2020

Abstract ‘ Full text ‘ PDF ‘ References ‘ Request permissions

Nickel carbonyl formation in a fluidized bed reactor: experimental investigation and
modeling

Seyedfoad Aghamiri, Amin Ghobeity
Pages: 2921-2929 | First Published: 20 April 2020

Abstract ‘ Full text ‘ PDF ‘ References ‘ Request permissions

An alumina-coated UiO-66 nanocrystalline solid superacid with high acid density as
a catalyst for ethyl levulinate synthesis

Zhi Zhang, Hong Yuan
Pages: 2930-2942 | First Published: 22 April 2020

Abstract ‘ Full text ‘ PDF ‘ References ‘ Request permissions

Lowering the inhibition of sugarcane vinasse as a culture medium for oleaginous
fungi through oxidative pre-treatment aiming at the degradation of toxic
compounds

Cristiano E Rodrigues Reis, Ana KF Carvalho, Heitor BS Bento, Thiago M Alves, Heizir F de Castro

Pages: 2943-2950 | First Published: 20 April 2020

4 of 8 3/17/2022, 2:48 PM



Journal of Chemical Technology & Biotechnology: Vol 95, No 11 https://onlinelibrary.wiley.com/toc/10974660/2020/95/11

Abstract | Full text | PDF ‘ References ‘ Request permissions

Comparison of micro- and nano-sized CuBTC particles on the CO,/CH4 separation
performance of PEBA mixed matrix membranes

Amir Erfani, Morteza Asghari
Pages: 2951-2963 | First Published: 28 April 2020

Abstract | Full text | PDF ‘ References ‘ Request permissions

Silica-immobilized acid ionic liquid: An efficient catalyst for pentanal self-
condensation

Wenhao Wang, Di Wang, Qiusheng Yang, Hualiang An, Xingiang Zhao, Yanji Wang
Pages: 2964-2972 | First Published: 01 May 2020

Abstract ‘ Full text ‘ PDF ‘ References ‘ Request permissions

Liquefaction of corn husks and properties of biodegradable biopolyol blends
Rodrigo Briones, Jesus Rodriguez, Jalel Labidi, Eoin Cunningham, Peter Martin
Pages: 2973-2982 | First Published: 01 May 2020

Abstract ‘ Full text ‘ PDF ‘ References ‘ Request permissions

Methane production enhanced by reduced graphene oxide in an anaerobic
consortium supplied with particulate and soluble substrates

J Ivan Bueno-Lopez, Alejandra Diaz-Hinojosa, ] Rene Rangel-Mendez, Felipe Alatriste-Mondragon,
Fatima Pérez-Rodriguez, Virginia Hernandez-Montoya, Francisco ] Cervantes

Pages: 2983-2990 | First Published: 01 May 2020

Abstract ‘ Full text ‘ PDF ‘ References ‘ Request permissions

Superefficient removal of lignins from papermaking wastewater by polycationic
adsorption and direct reuse of wastes: structure-activity relationships and
interaction mechanisms

Yu Bai, Hongyan Li, Qiwen Yang, Yikai Yu, Bingxian Peng
Pages: 2991-3002 | First Published: 01 May 2020

Abstract | Full text | PDF ‘ References | Request permissions

50f 8 3/17/2022, 2:48 PM



Journal of Chemical Technology & Biotechnology: Vol 95, No 11 https://onlinelibrary.wiley.com/toc/10974660/2020/95/11

Bioconversion of high-concentration chelated Cd to nano-CdS photocatalyst by
sulfate-reducing bacteria

Yali Liu, Jie Wang, Panyu Li, Yi Xie, Hongyang Xie, Tonghui Xie, Yongkui Zhang
Pages: 3003-3011 | First Published: 01 May 2020

Abstract | Full text | PDF ‘ References ‘ Request permissions

Photocatalytic removal of organic pollutants and self-cleaning performance of PES
membrane incorporated sulfonated graphene oxide/ZnO nanocomposite

Govardhanan Boopathy, Arthanareeswaran Gangasalam, Ashok Mahalingam
Pages: 3012-3023 | First Published: 05 May 2020

Abstract ‘ Full text ‘ PDF ‘ References ‘ Request permissions

Sequential extraction of lutein and B-carotene from wet microalgal biomass
Fabrizio Di Caprio, Pietro Altimari, Francesca Pagnanelli
Pages: 3024-3033 | First Published: 07 May 2020

Abstract ‘ Full text ‘ PDF ‘ References ‘ Request permissions

Productivity and scale-up of poly(3-hydroxybutyrate) production under different
oxygen transfer conditions in cultures of Azotobacter vinelandii

Claudio Padilla-Cérdova, Beatrice Mongili, Pablo Contreras, Debora Fino, Tonia Tommasi, Alvaro
Diaz-Barrera

Pages: 3034-3040 | First Published: 09 May 2020

Abstract ‘ Full text ‘ PDF ‘ References ‘ Request permissions

Biological cyanide removal from industrial wastewater by applying membrane
bioreactors

Loukas Lintzos, Elena Koumaki, Panagiota Mendrinou, Kostas Chatzikonstantinou, Nikolaos
Tzamtzis, Simos Malamis

Pages: 3041-3050 | First Published: 09 May 2020

Abstract | Full text ‘ PDF ‘ References | Request permissions

6 of 8 3/17/2022, 2:48 PM



E9e2 W

1. BuktiJournal Scopus Q1 dalam halaman website Scimagojr.com

| & scimagojr.com

9

B

Years

16 Documents  Cited by 293 documents 39 co-authors  Topics

View in search results format >  View 616 references >

Exportallto CSVfile \»  Savealltolist ~Setdocumentalert Set document feed

Document title Authors

Sorton: Date (newest)

Year Source

© Total Cites @ Self-Cites + © External Cites per Doc @ Cites per Doc + Citations per document +
4k
4 35
3
2k 2
25
0
0
1999 2002 2005 2008 2011 2014 2017 1999 2002 2005 2008 2011 2014 2017 2
© % International Collaboration —+ @ Citable documents @ Non-citable documents + 15
1k
36 1
27 05
500 )
18 1999 2002 2005 2008 2011 2014 2017
9 Cites / Doc. (4 years)
o @ Cites/ Doc. (3 years)
1999 2002 2005 2008 2011 2014 2017 1999 2002 2005 2008 2011 2014 2017 @ Cites/ Doc. (2 years)
© Cited d ® Uncited d +
Journal of Chemical + Show this widget in
Tk Technology and... your own website
Q’l E:;::';Iing Just copy the code below
500 (miscellaneous) and paste within your html
best quartile coda:
SJR 2018 .
0.72 <a href="https:/fw
0 powered by scimagojr.com
1999 2002 2005 2008 2011 2014 2017
2. Bukti artikel dalam halaman Scopus penulis:
‘r 3
L<[> N | & scopus.com ¢ | O H E’J
Analyze author output View citation overview View h-graph
View Mendeley profile 7
Document and 7 17
citation trends:
2 o
g g W Documents
8 I I ? @ Ciations
, H n o
2004 2020

Cited by

High gas permeability of nanoZIF-8/polymer-based mixed matrix membranes intended for biogas

Sutrisna, P.D., Savitri, E.
purification

View abstract »» View at Publisher Related documents

A mini-review and recent outlooks on the synthesis and applications of zeolite imidazolate framework- Sutrisna, P.D., Prasetya, N., Himma, N.F.,
8 (ZIF-8) membranes on polymeric substrate Wenten, 1.G.

View abstract »» View at Publisher Related documents

2020 Journal of Polymer Engineering

B Article in Press

2020 Journal of Chemical Technology
and Biotechnology

B Article in Press



3. Bukti artikel dalam halaman Sinta penulis:

PUTU DODDY SUTRISNA Osinta 2l L
Universitas Surabaya
SINTAID : 6016571 6.89 1047 0
Subjects/Areas: 3 Years Score 3 Years Score V2 PR
Author Profile -—p
[ wembrane echanlogy | mersl erganc [ramemerks 053 1382 629
farkin ot Yoo atenafenk
3 2
Rank in Affilation 3 Years Affiliation Rank
Ll Overview & Books & PR &% Network [2)Rama Documents [ Gs Documents [ wos Documents €2 Research [2) Scopus Documents

Search n K « 1 a » M
hrty e @

Page 2 of 2 Total Records : 17

Quartile Publications Citation

Impact of instant-controlled pressure drop treatment on thermal properties and microbial decontamina

04 AIP Conference Proceedings | vol: 2114 | issue : | 2019-06-26 | Conference Proceedin 1
A review on emerging organic-containing microporous material membranes for carbon capture and separa

Q1 Chemical Engineering Journal | vol: | issue : | 2019-01-011 Journal 1
Organic-inorganic nanocomposite membranes for molecular separation and bioapplications

Q3 10P Conference Series: Materials Science and Engineering | vol: 703 | issue : 1] 2019-12-05 | Conference Proceedin 1
Microfiltration of Oily Waste Water: A Study of Flux Decline and Feed Types

Q3 10P Conference Series: Materials Science and Engineering | vol: 543 | issue : 11 2013-01-01 | Conference Proceedin 0
Current Perspectives and Mini Review on Zeolitic Imidazolate Framework-8 (ZIF-8) Membranes on Organi

Q3 10P Conference Series: Materials Science and Engineering | vol: 703 | issue : 11 2019-12-05 | Conference Proceedin 0
High gas permeability of nanoZIF-8/polymer-based mixed matrix membranes intended for biogas purifica

Q3 Journal of Polymer Engineering | vol: | issue : | 2020-01-01Journal 0
A mini-review and recent outlooks on the synthesis and applications of zeolite imidazolate framework

01 Journal of Chemical Technology and Biotechnology | vol: | issue : | 2020-01-01 | Journal 0

<[>} D & mail.google.com ] th al i

= M Gmail Q_ journal chemical biotechnology X - ooy Goold °
<]

<« g 06 8 0 ¢ B » 190fabout5s4 < >

+ Compose

0 Accept - Journal of Chemical Technology & Biotechnology - Manuscript JCTB-19-1226.R1 inboxx X & &
Inbox 51
% Starred JCTB Editorial Office <onbehalfof@manuscriptcentral.com> Mon, Mar23,6:19PM Yy &
© snoozed to me, nicholaus. prasetya14, nfhimma, igw, bart.vanderbruggen ~
23-Mar-2020
» Important
> Sent JCTB-19-1226.R1
B Drafts 34 Dear Dr Sutrisna,
» @ Categories | am very pleased to inform you that your manuscript, entitled "A Mini Review and Recent Outlooks on The is and ications of Zeolite Imi F 8 (ZIF-8)
®  (imap)/Drafts Membranes on Polymeric Substrate", has been accepted for publication in the Journal of Chemical Technology & Biotechnology. Please do inform your co-authors of this decision.
B Sent Messages Your article cannot be published until the publisher has received the app! iate signed license Within the next few days the corresponding author will receive an email from
Wiley's Author Services system which will ask them to log in and will present them with the appropriate license for completion.
Meet The article will be published online within the next few days as an Accepted Article. This will be an unedited version but will be fully citable and will constitute the paper’s official publication

date.
B¢ Start a meeting
Once the paper has been copy-edited and typeset you shall receive the proofs by e-mail within 5/6 weeks. Please check the proof carefully and return any corrections. After any

B8 Join a meeting - T N N ! X 4
amendments have been made, the Accepted Article will be taken down, and the final version will be published in Early View, before being assigned to an issue.

Chat Now that your manuscript has been accepted for publication you have the option to publish your article with open access so that it will be ible to il and il of
Putu Doddy S, ( this journal. Your article can be published OnlineOpen in return for a payment of an open access publication fee. You can complete the payment of the open access publication fee via the
’ + OnlineOpen Form which you can find at:

wiley. i order.asp

If material from another publisher has been used, you will need to provide a copy of the permissions form. If you have not already uploaded this with your article, please email it to
jctbproofs@wiley.com. The relevant form can be found here: ices.wiley. i issions.htm!

Please do not hesitate to contact me should you have any questions about this process.
No recent chats

Start a new one Many thanks for your contribution to Journal of Chemical Technology & Biotechnology, we look forward to seeing more of your work in the future.

Best wishes, <

2.9 8 .



5. Copy halaman website yang memuat paper

<[> N m @ onlinelibrary.wiley.com ¢ th o |

[

COVID-19 campus closures: see options for Remote Access to subscribed content.

Wiley Online Library Search Login / Register

VISIT THE WILEY NETWORK

rtisement

WILEY

JCmtjnmc‘:r:;ical Technology Early View
Online Version of Record

before inclusion in an issue

and Biotechnology

S
/
E

Mini-review

A mini-review and recent outlooks on the synthesis and —
applications of zeolite imidazolate framework-8 (ZIF-8)
membranes on polymeric substrate

Advertisement

Putu Doddy Sutrisna i, Nicholaus Prasetya, Nurul Faigotul Himma, | Gede Wenten ADVANCED

First published:05 April 2020 | https:/doi.org/10.1002/jctb.6433

Read the full text > = PDF | TOOLS « SHARE
Abstract ADVANCED
SCIENCE
Zeolite imidazolate framework (ZIF) is one of the subclasses of metal-organic frameworks ~ —— o
(MOFs) that has been widely investigated in the last decade. Among the ZIF members, a
particular interest has been devoted to ZIF-8 due to various factors, such as mild and fast & o
synthesis conditions, framework stability and the right pore aperture to perform various Related Information
separations. Recently, there has also been growing interest in developing ZIF-8 as a thin
layer membrane on polymeric substrates as they are considerably cheaper than the Metrics

inorganic ones. This review then discusses recent advances in this field, focusing on



Journal of Chemical Technology and Biotechnology https://www.scimagojr.com/journalsearch.php?q=16083&tip=sid&clean=0

also developed by scimago: ESCIMAGO INSTITUTIONS RANKINGS

m Scimago Journal & Country Rank Enter Journal Title, ISSN or Publisher Name

Home Journal Rankings Country Rankings Viz Tools Help About Us

Journal of Chemical Technology and Biotechnology

COUNTRY SUBJECT AREA AND CATEGORY PUBLISHER H-INDEX
United Kingdom Biochemistry, Genetics and Molecular Biology John Wiley and Sons Ltd
Biotechnology

Universities and research X X .
institutions in United Kingdom Chemical Engineering

Chemical Engineering (miscellaneous)

Chemistry
Inorganic Chemistry
Organic Chemistry

Energy
Fuel Technology
Renewable Energy, Sustainability and the
Environment

Environmental Science
Pollution
Waste Management and Disposal

PUBLICATION TYPE ISSN COVERAGE INFORMATION

Journals 02682575, 10974660 1979-1981, 1983-2020 Homepage
How to publish in this journal

jctb@wiley.com

1of4 3/17/2022, 3:25 PM



Journal of Chemical Technology and Biotechnology https://www.scimagojr.com/journalsearch.php?q=16083&tip=sid&clean=0

SCOPE

Journal of Chemical Technology and Biotechnology (JCTB) is an ir ional, inler«" iplinary peer: d journal concerned with the application of scientific discoveries and
advancements in chemical and biological technology that aim is econo ble industrial p JCTB publishes research papers, reviews, mini-
reviews, perspectives and spotlights in both electronic and printed formats. Online pmcedures provide emmem submission and peer-review. EarlyView provides online publication in advance
of the print edition.

y and envirc

Q Join the conversation about this journal

2 of 4

3 CQuaniles
FIND SIMILAR JOURNALS @ options 3
1 2 3 4 5
Chemical and Biochemical Reviews in Environmental Environmental Technology Biochemical Engineering Environmental Engineering
Engineering Quarterly Science and Biotechnology (United Kingdom) Journal Research
HRV NLD GBR NLD KOR
[s) [s) [s) o) 0
78% 73% 69% 67% 64%
similarity similarity similarity similarity similarity

3/17/2022, 3:25 PM



Journal of Chemical Technology and Biotechnology

https://www.scimagojr.com/journalsearch.php?q=16083&tip=sid&clean=(

SJR Total Documents. Citations per document
n2 400 35
09
3
200
0.6
25
03 ]
1999 2002 2005 2008 2011 2014 2007 2020 1995 2002 2005 2008 2011 2004 2017 2020 2
Total Cites  Self-Cites Extemal Cites perDoc Cites per Doc . B 15
ax
4 1
05
2 2
1999 2002 2005 2008 2011
1] Citea / Doc. (4 years)
o @ Cites / Doc. (3 years)
1999 2002 2005 2008 2011 2014 2017 2020 1999 2002 2005 2008 2011 20014 2017 2020 @ Cites / Doc. (2 years)
% Interational Collaboration RN Citable documents Mon-citable documents %% [ Cited Uncited d N
1.2k 1.2k
27
18 800 600
]
] 0
1999 2002 2005 2008 2011 2014 2017 2020 1999 2002 2005 2008 2017 2014 2017 2020 1999 2002 2005 2008 2011 2014 2017 2020
« Show this widget in G sCimago Graphica
your own website
Explore, visually
Just copy the code bel i and make
and paste within your htm sense of data with our new
code: free tool.

0.64 <a href="https://www.scm.

prwered Dy SCATRRIH £OM Get it

Metrics based on Scopus® data as of April 2021

B ben lakhdar 1 year ago

good moorming, please | don't understand what 1, Q2. Q3 and Q4 mean, can you give me a clearer
idea of its meaning,

thanks in advance, my greetings.

reply

&

3 of4

SClmago Team
Melanie Ortiz 1 year ago
Dear Ben,
Thank you for contacting us.
The set of s have been ranked ling to their SJR and divided into four equal

groups, four quartiles. Q1 (green) comprises the quarter of the journals with the highest
values, Q2 (yellow) the second highest values, Q2 {orange) the third highest values and Q4
(red) the lowest values.

Best Regards, SCImago Team

2014 2017 2020

3/17/2022, 3:25 PM



Journal of Chemical Technology and Biotechnology https://www.scimagojr.com/journalsearch.php?q=16083&tip=sid&clean=0

Email
(will not be published)

The users of Scimago Journal & Country Rank have the possibility to dialogue through comments linked to a
specific journal. The purpose is to have a forum in which general doubts about the processes of publication in the
journal, experiences and other issues derived from the publication of papers are resolved. For topics on particular
articles, maintain the dialogue through the usual channels with your editor.

Developed by: Powered by:

@SCImago

Follow us on @ScimagoJR

Scimago Lab, Copyright 2007-2020. Data Source: Scopus®

4 of 4 3/17/2022, 3:25 PM



Author search  Sources @ fm | Createaccount || Signin
Source details
. . CiteScore 2020

Journal of Chemical Technology and Biotechnology 53 ®
Formerly known as: Journal of Chemical Technology and Biotechnology, Chemical Technology ’
Formerly known as: Journal of chemical technology and biotechnology. Biotechnology
Scopus coverage years: from 1979 to 1981, from 1983 to Present SJR 2020 o
Publisher: Wiley-Blackwell 0.640
ISSN: 0268-2575 E-ISSN: 1097-4660
Su bject area: (Chemical Engineering: General Chemical Engineering) (Chemistry: Inorganic Chemistry) SNIP 2020 o

(Environmental Science: Waste Management and Disposal) (Environmental Science: PoIIution) View all v 0.798
Source type: Journal

View all documents » Set document alert |5 Save to source list Source Homepage
CiteScore  CiteScore rank & trend  Scopus content coverage
X

i Improved CiteScore methodology

CiteScore 2020 counts the citations received in 2017-2020 to articles, reviews, conference papers, book chapters and data

papers published in 2017-2020, and divides this by the number of publications published in 2017-2020. Learn more >

CiteScore 545 v CiteScoreTracker 2021 ®

5 3 7,434 Citations 2017 - 2020 6 O 8,510 Citations to date
‘ ) 1,408 Documents 2017 - 2020 * ) 1,416 Documents to date

Calculated on 05 May, 2021 Last updated on 06 March, 2022 « Updated monthly

CiteScore rank 2020 ©

Category Rank Percentile

Chemical Engineering

General Chemical #59/279 79th
Engineering
Chemistry
L Inorganic Chemistry #16/69 77th
Environmental Science
| v ne s #26/108 76th

View CiteScore methodology >  CiteScore FAQ >  Add CiteScore to your site ¢




About Scopus

What is Scopus
Content coverage
Scopus blog
Scopus API

Privacy matters

Language
HAECYIDERS
TR
DR

Pycckuin a3bik

Customer Service

Help
Tutorials

Contact us

ELSEVIER

Terms and conditions /1 Privacy policy 71

Copyright © Elsevier B.V /1. All rights reserved. Scopus® is a registered trademark of Elsevier B.V.

We use cookies to help provide and enhance our service and tailor content. By continuing, you agree to the use of cookies.

RELX



	A mini-review and recent outlooks on the synthesis and applications of zeolite imidazolate framework-8 (ZIF-8) membranes on...
	INTRODUCTION
	FABRICATION STRATEGIES OF ZIF-8 MEMBRANES ON POLYMERIC SUBSTRATES
	In situ growing method
	Secondary growing method
	Other approaches

	APPLICATIONS OF ZIF-8 MEMBRANES ON POLYMERIC SUBSTRATES
	Gas and hydrocarbon separation
	Pervaporation
	Nanofiltration
	Catalysis

	CHALLENGES AND FUTURE PERSPECTIVES
	CONCLUSIONS
	ACKNOWLEDGEMENTS
	REFERENCES




