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ABSTRACT

Tubular Al,O; membranes for microfiltration were successfully fabricated by combined steps
of agar gelcasting and then acetone-assisted drying. Firstly, Al,Os slurry and agar solution
were separately prepared prior to being mixed together at a constant temperature of 70°C.
Subsequently, the warm mixtures were poured into assembled glass mold and then rapidly
transformed into gel with tubular shape. The as-gelled tubes were demolded and then soaked
in acetone for 50 h allowing rapidly drying of the gel tubes after removal from acetone due to
a lot of evaporation of acetone in air atmosphere at room temperature. The tubular Al,O3
membranes were prepared from Al,O3; powder with the significantly different particle sizes of
~5 um and 0.167 pm at different proportions of 0.167 um Al,Os powder from 5 to 20 wt%.
The tubular Al,O; membranes possessed the range of linear drying and firing shrinkage of
8.5-11.5 and 0-0.75%, respectively. After sintering at 1300°C, all the tubular AlO;
membranes showed pore diameters ranging from 0.1 to 10 um. The small Al,O; powder at 20
wt% content demonstrated the considerable potential as membrane due to the beginning of
connected pore network from their sintering. The method of agar gelcasting combined with
the acetone-assisted drying offered a new alternative for forming the tubular AlO;
membranes with simplicity and economy replacing the use of expensive extruder together
with particularly suitable binder.
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1.0 INTRODUCTION

Porous tubular ceramic membrane has
a wide range of applications in
microfiltration  and  ultrafiltration
particularly ~ for regeneration and
processing in food and biotechnology
industries as well as wastewater
treatment [1]. Although the ceramic
membrane IS  quite  expensive
compared with polymeric membrane, it
is highly demanded for the industrial

uses due to its irreplaceable properties,
i.e. resistance to high thermal and
severe acidic/basic conditions [2-5]. In
addition, for industrial applications the
tubular ceramic membrane is an
effective geometry due to its capability
to be arranged in a compact module,
sealed effectively, and operated at
higher pressure-cross flow compared
with flat sheet membrane [6].

In order to fabricate the porous
ceramic membrane tube, the extrusion
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method is typically used in pragmatic
approach. With the extrusion method, a
sophisticated extruder is needed for
fabricating the defect-free tubular
ceramic membrane as well as careful
selection of binder and extruder
operating conditions [7]. As a result,
the  extruded tubular  ceramic
membrane is mainly subject to the
availability of sophisticated-system
extruder with high cost. In order to
tackle the issue of expensive extruder
dependence, new fabrication method of
tubular ceramic membrane through
agar gelcasting is proposed in this
work as an alternative using only
assembled glass mold for shaping.

Gelcasting method is a near-net-
shape forming of complex-shaped,
advanced ceramic [8]. Only a small
amount of polymers as binder is
needed for gel-network creation strong
enough to hold all the ceramic particles
together. In pioneering work of
gelcasting, acrylamide-based binder is
preferable to  other  monomers.
However, with its neurotoxic effect
other potential monomers with low
toxicity have  thoroughly  Dbeen
investigated [9]. In order to avoid the
health risk, agar being a biopolymer is
applied in this work for gelcasting to
fabricate  the  tubular  ceramic
membrane. One of challenging
problems for applying agar in
gelcasting process is the drying of as-
gelled tube without both deformation
and crack [10-15].

From the literature reviews, an
osmotic drying liquid, i.e. polyethylene
glycol (PEG) has widely been known
to be suitable for drying the gelcast
ceramics [10, 12, 14-16]. The solution
of PEG with high molecular weight of
8000 offered more effective drying
than that with low molecular weight of
1000 [14]. There was no penetration of
PEG molecules with the high
molecular weight through the pores
within gel network allowing actively

water removal and then creating denser,
homogeneous  microstructure  of
ceramic parts.

Parameters of importance for the
osmotic drying liquid included gelcast
thickness and ceramic loading [15].
Both the parameters had direct effect
on drying rate. Moreover, it was
suggested that water removal from
only some part of the gelcast body
occurred. With the partial removal of
water, the osmotic liquid drying was
particularly used for pre-drying stage
in food industries [17-22]. In order to
make the drying of gelcast ceramic
body completed in one step, new
drying liquids have been investigated.
Our investigations indicated that agar-
gelcast ceramic with small thickness of
~ 2 mm was able to be dried when it
was soaked in acetone [23]. However,
the parameters of interest in the
acetone drying, for example, the
effects of gelcast thickness and agar
solution concentration on acetone-
soaking time, etc. needed to be
thoroughly examined later.

In order to apply the new drying
technique to agar gelcasting in this
work, the tubular Al.Oz membranes
were initially fabricated by agar
gelcasting and the technique of
acetone-assisted drying was
subsequently employed. The different
Al;,O3 particle sizes of ~5 and 0.167
um  were employed using the
proportions of smaller Al,Oz particles
from 5 to 20wt% for preparing the
gelcasting mixtures. The proposed
proportions might offer the advantages
of strength from the much smaller
Al;Os particles at low sintering
temperature as well as the
microfiltration pore size from the much
larger Al2Os3 particles. The effects of
large-to-small proportions of Al.O3
particles on shrinkage, microstructure
and pore size distribution of the agar-
gelcast tubes were studied. A set of
assembled glass mold was adapted for
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transformation from the mixture into
the gelling state of Al,O3 tube. The as-
gelled tube was soaked in acetone at a
certain period of 50 h ensuring an
inter-diffusion equilibrium  between
acetone and water. After the as-gelled
tube was removed from acetone, it was
rapidly dried and then rigid due to
inherently acetone evaporation at room
temperature. The dried Al2O3 tube was
sintered at 1300°C to reach a
mechanical strength  enough for

pressure-driven membrane applications.

2.0 EXPERIMENTAL
2.1 Materials

ALO3 powder with the average particle
size¢ of ~5 pm (SRM 30, Hindalco
Industries Limited, India) was used for
preliminary experiment on fabricating
the ALOs; tube. Additionally, Al2Os3
powder with the average particle size
of 0.167 um (TMDAR, Taimicron,
Japan) was used for forming the
tubular AO3 membrane with a useful
mechanical strength. Agar powder
from Chile was employed as gelling
agent. Sodium salt of polyacrylic acid
(Na-PAA, Sigma-Aldrich) was used as
dispersant. Acetone was used as liquid
drying agent.

2.2 Agar Gelcasting Combined with
Drying Assisted by Soaking in
Acetone

In the preliminary experiment, the
ALO; powder SRM 30 was used for
preparing Al>Os3 slurry at the total solid
loading of 80wt%. The dispersant (Na-
PAA) was used at 0.7wt% of total
solid loading. The starting materials
were first ball milled in HDPE bottle
for 2 h to prepare well-dispersed Al,O3
slurry prior to being warmed at a
constant temperature of 70°C. In the
subsequent preparation of agar solution

at 2wt% concentration, agar powder
was dispersed in RO water for 5 min
using magnetic stirrer in order to help
rapidly and completely dissolve agar
powder prior to boiling in closed
system of beaker to prevent water
evaporation.

After that, the hot agar solution was
mixed together with the warm Al>O;
slurry using the magnetic stirrer. The
mixture of AlO; slurry and agar
solution was maintained at 70°C to
prevent unintentional transformation of
agar from solution to gel. The adding
amount of agar solution was based on
the final agar content at 0.5wt% of the
total solid loading of the Al>O; slurry.
The warm Al,O; mixture was poured
into assembled, warm glass mold, as
shown in Figure 1, to shape into the
tube of AlbOs; mixture. Shortly after
cooling the tubular Al,O3 mixture to
room temperature, the mixture
completely became gel with an enough
strength to be demolded.

Finally, the as-gelled ALOs; tube
was soaked in acetone for 50 h,
appropriate period of soaking for this
work, to create inter-diffusion between
the water in agar-gel network structure
and the surrounding acetone. In the
step of soaking, the outer glass mold
was removed and then the inner glass
mold with the coverage of gelling
AlOs; tube was put into acetone
contained in glass cylinder with tight
sealing of parafilm to prevent acetone
evaporation as shown in Figure 2. In
the closed-system soaking, acetone
diffused into the agar gel structure and
water diffused out of the gel structure
due to concentration gradient. The
mechanism of acetone-water inter-
diffusion leading to drying in this work
differed from that of osmotic drying in
food drying technology [21-22]. After
the removal of gel tube from acetone,
the acetone-rich gel tube was rapidly
pulled out from the inner glass mold
and then left to be dried for ~15 min to
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rapidly evaporate acetone. While the flexible feature of agar gel. Dried
acetone was evaporating in the early Al,Os; tube was eventually formed
15 min, the gel Al,O3 tube remained without cracking.

able to be straighten due to highly

Figure 1 Images indicating (a) glass molds for agar gelcasting of both inside (left) and
outside (right), (b) Teflon for covering the glass molds at both top (left) and bottom (right),
and (c) assembled glass mold for gelcasting the Al.Os; mixtures into tube

Inner glass mold

As-gelled tube attached to
inner glass-mold surface

v Acetone-containing glass cylinder

Figure 2 Water-acetone inter-diffusion drying through soaking the as-gelled Al,O; tube in
acetone contained in the glass cylinder
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2.3 Fabrication of Tubular Al203
Membranes

All the processes of forming the
tubular Al,O3 membranes were the
same as those of forming the Al.O3
tube, except for the adding amount of
Na-PAA and the kind of Al,O3 powder.
Na-PAA was added at 1wt% of the
total solid loading. The Al,O3 powders
SRM 30 and TMDAR was mixed
together at various proportions as
named in Table 1. The tubular Al203
membranes were named 5SA, 10SA,
15SA, and 20SA following the adding
amounts of the Al.03 powder TMDAR
(0.167 pm). The powder SRM 30 with
5 um average particle size was used at
much higher proportion to form the
pore sizes in the range of
microfiltration membrane—0.1 to 10
pm. Since the powder SRM 30 was
unable to be sintered at low
temperature the powder TMDAR with
0.167 pm average particle size was
used to strengthen the gelcast tubes.
After all the AIl.Oz tubes were
completely dried by the acetone
evaporation, the green Al>.Oz tubes
were sintered at 1300°C for 1 h to
obtain the tubular Al20s membranes
with an optimum strength.

Table 1 Nomenclature of gel-casting
mixtures following the proportions of used
Al,O3 particle sizes

Proportions of Al,Oz Powder (%)
Sample T UDAR SRM 30
(0.167 pm) (5 um)
5SA 5 95
10SA 10 90
15SA 15 85
20SA 20 80

2.4 Characterizations

Linear drying and firing shrinkages of
all the Al>O3 tubes (3 samples for each

composition) were calculated to obtain
net dimension. The porosity of sintered
tubes  were  determined  from
Archimedes’ method according to
ASTM C373-88. The microstructure of
sintered tubes were observed with
SEM (SEM-JSM5800LV, JEOL). The
pore diameter of membrane tubes was
measured by mercury intrusion
porosimetry (Poremaster,
Quantachrome Instruments) method.

3.0 RESULTS AND DISCUSSION

3.1 Preliminary  Fabrication  of
Tubular Al20s Membrane

The Al2O3 tubes were fabricated by the
alternative processes of gelcasting
using the set of assembled glass tubes
as the mold and then drying assisted by
the acetone diffusion-evaporation. The
different results of tube shape between
the drying by virtue of putting in air at
room temperature and soaking in
acetone was shown in Figure 3a on
right and left sides, respectively. The
air drying provided the AIl.Os tube
with cracking; however, the acetone-
assisted drying provided the Al>O3
tube with no defect. It should be noted
that the air-dried tube was dried on the
inner glass mold since it needed a
support to keep the circular shape of
tube cross section; otherwise, without
the glass support it deformed before
drying completely. Figure 3b and c
indicated the dried Al>O3 tubes with 16
cm in length and 1 cm in outer
diameter, respectively.

The soaking in acetone was the
critical step of successful fabrication
without deformation and cracking.
However, there were still a number of
emerging issues related to the acetone-
assisted drying needing to be explored
such as the allowable thickness of agar
gelcasting ceramics for thoroughly
acetone diffusion into the agar gel
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structure, the appropriate final content
of agar in the gelcasting mixture,
effective technique to control the
diffusion rate of acetone replacing the

water in the agar gel structure and
unequal density along the tube length.
The emerging issues were not
investigated yet.

b

o

Figure 3 Photos of (a) green tubes after (left) drying by pre-soaking in acetone and (right)
drying by putting in air at RT without removal from the inner glass mold to prevent the
collapse of as-gelled tube, (b) sintered tubes drying by pre-soaking in acetone and (c) cross
section of sintered tubes drying by pre-soaking in acetone

The acetone-assisted drying was
simpler than the conventional drying of
acrylamide-based gelcasting. The new
drying only required the closed system
of soaking in acetone for attaining
acetone-water inter-diffusion
equilibrium, whereas the conventional
drying needed to carefully control
humidity to prevent non-uniform
shrinkage [8]. Moreover, the new
drying was not the same as the
osmosis-assisted drying in ceramic
gelcasting [10, 12, 14-16] and food
[21-22] processing. The osmosis-
assisted drying relied on the movement
of water from the gelled samples to
directly a surrounding liquid such as
PEG due to osmotic phenomenon.

3.2 Physical Properties of Agar
Gelcast Membrane Tube

Physical property in terms of
shrinkages both after drying and
sintering was shown in Figure 4 (a).

The drying shrinkage was in the range
between 8.5 and 11.5% and the firing
shrinkage was rather small ranging
from 0 to 0.75%. Therefore, the
respective total shrinkage would be ~
8.5, 12.5, 10.75 and 10.5% when the
particles TMDAR increased from 5 to
20wt%, respectively. The behavior of
shrinkages was governed by the drying
stage of gelcasting. Moreover, sample
10SA showed the highest drying
shrinkage of 11.5% and sample 15SA
showed the highest firing shrinkage of
0.75%. The results of shrinkage
implied that for the each individual
composition, the drying shrinkage was
influenced by the dispersion of Al;Os3
particles in agar gel network; while,
the firing shrinkage was controlled by
the sintering mechanism at the
different dispersion of Al>O3 particles.

Figure 4(b) showed bulk density
and water absorption of all the sintered
Al;O3 tubes. The bulk density
increased with increasing the AlO3
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particles TMDAR from 5 to 15wt%
and subsequently decreased when
those particle amounts reached 20wt%.
The result suggested that the sintering
creating connected pore network
occurred at 20wt% content of the
Al,O3 particles TMDAR. Therefore,
the sample 20SA might begun to
possess the enough strength for
practical use as membrane.

Furthermore, the water absorption of
all the sintered Al2Os tubes decreased
with increasing the Al.Oz particles
TMDAR. The linearly decreasing trend
of water absorption confirmed that the
small Al>Os particles TMDAR were
inserted among the large Al203
particles SRM 30.
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Figure 4 (a) Percentages of drying and firing shrinkage of dried and sintered tubes,
respectively, and (b) bulk density and water absorption of sintered Al,O3 tubes with different

ratios of small Al,O3 particles

Figure 4(b) showed bulk density
and water absorption of all the sintered
Al,O3 tubes. The bulk density
increased with increasing the Al>O3
particles TMDAR from 5 to 15wt%

and subsequently decreased when
those particle amounts reached 20wt%.
The result suggested that the sintering
creating connected pore network
occurred at 20wt% content of the
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Al,O3 particles TMDAR. Therefore,
the sample 20SA might begun to
possess the enough strength for
practical use as membrane.

Furthermore, the water absorption
of all the sintered Al,O3 tubes
decreased with increasing the Al2Os
particles TMDAR. The linearly
decreasing trend of water absorption
confirmed that the small Al.O3
particles TMDAR were inserted
among the large Al2O3 particles SRM
30.

3.3 Membrane Microstructure

Figure 5 displayed all the
microstructure of gelcast Al,Os3 tubes
after sintering at 1300°C. The images
clearly showed that the sintering
leading to the connected pore network
occurred when the Al;Os particles
TMDAR reached 20wt%. Whereas, the
too small amount of well-dispersed

Figure 5 SEM images of sintered Al,Os tubes

(d) 20SA

3.4 Pore Size Distribution of Gelcast
Membrane Tube

The pore size distribution of all the
gelcast AlO3 tubes after sintering at

Al,O3 particles TMDAR from 5 to
15wt% resulted in the gap or
separation of particles larger during
sintering and then the connected pore
network did not occurred. It was
observed that the microstructures of all
the gelcast Al,O3 tubes corresponded
with the trend of firing shrinkage and
bulk density. It meant that the sintering
leading to the connected pore network
occurred for only the sample 20SA
resulted in the decreases in firing
shrinkage and bulk density. In other
words, the sintering was associated
with the combination of the too small
Al;O3 particles TMDAR and then
became the new larger particles of
Al;O3. The larger particles were also
connected with each other and then
creating the pore network. Therefore,
the amount and dispersion of the
particles TMDAR of the sample 20SA
were responsible for the microstructure
suitable for use as the membrane.

g 4 -
Mag | HFW Fim
PSU 20 KvI2000 % 684 um 01 —10 pm—

for samples a) 5SA, (b) 10SA, (c) 15SA and

1300°C was shown in Figure 6. The
pore sizes were able to be divided into
three main ranges: range of 0.02-0.03
pm, 0.1-10 pum and 10-100 pm. The
pore sizes between 0.1 and 10 pum was
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considered to be the range of
microfiltration membrane created by
all the gelcast Al,Os tubes. On the
other hand, the other two ranges were
noticeably shown from only the sample
15SA. For the range of 0.02-0.03 um,
it occurred from the thorough
dispersion and close contact of the
Al,O3 particles TMDAR prior to
sintering. Therefore, the quite small
pore sizes were formed due to the
existence of voids among the Al>O3
particles TMDAR sintered.

For the large pore sizes between
10-100um, it was attributed to defect
being air bubbles trapped in the gelcast
mixtures during the gelcasting. It was
considered that the defect resulting
from air bubbles occurred, especially
for the sample 15SA since the mixture
15SA  might possess the highest
viscosity compared with the other
mixtures. Therefore, the sample 20SA
had the most potential to be used as the
microfiltration membrane.

Furthermore, it was noticed that
over the range of 0.1-10 um the shape
of peaks tended to distort only at the
smaller pore size range of 0.1-1 pm.
Therefore. it was noteworthy for
focusing on the range of pore sizes as

0.9

shown in the inserted image of Figure
6. The order of decreasing the amount
of the pore sizes over the range of 0.1
1 pum was found to be 5SA > 15SA >
20SA > 10SA. The result of pore size
order confirmed that sample 15SA
possessed the larger amount of small
pores than sample 20SA. The order
was directly connected with the
sintering leading to connected pore
network for 20wt% small Al2Os
particles of sample 20SA,
corresponding to the results of firing
shrinkage and microstructure.

From the results of pore sizes, it
pointed out that using the Al2Os3
particles with significantly different
sizes of ~5 and 0.167 um created the
equal pore sizes of 0.1-10 pm
governed by the size of large Al2Os
particles. The equal pore sizes were
parallel to a report indicating that the
small addition of medium and/or fine
Al;O3 powder to the coarse one
showed the hardly changed pore size
distribution of microfiltration
membrane supports [24]. However, the
report suggested that the addition of
medium Al>Oz3 particles was beneficial
to their bending strength.
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Figure 6 Pore size distribution of sintered Al.Os tubes prepared with different ratios of small
Al,O3 particle sizes from 5 to 20 wt%, inserting the image of pore size distribution between

0.1and 1 pm
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4.0 CONCLUSION

The tubular Al,03 membrane for using
in  microfiltration was fabricated
through the combination of agar
gelcasting into glass mold and acetone-
assisted drying. The drying by soaking
the as-gelled tubes in acetone for 50 h
was successfully used. The Al.O3
membrane tubes with no deformation
and cracking were formed. The use of
small (0.167 pm) to large (~5 pm)
ratio of Al>Os particles at 20:80 for
gelcasting showed the potential for
applying in microfiltration with pore
sizes in the range of 0.1-10 um. The
ratio of small-to-large particles offered
the pore network that was thoroughly
connected in the Al2O3 tubes. However,
the bending strength needed to be
further tested prior to the permeation
test.

ACKNOWLEDGEMENT

The authors would like to thank
Thailand Graduated Institute for
Science and Technology (TGIST) for
financial support [grant number: TG-
33-18-61-024M]. Additionally, this
work was supported by the government
budget of Prince of Songkla University
[grant number: SC16201046S].

REFERENCES
[1] C. A. M. Siskens. 1996.
Applications of Ceramic

Membranes in Liquid Filtration.
in Fundamentals of Inorganic
Membrane Science And
Technology. Edited by Burggraaf
A. J., and Cot L. Amsterdam:
Elsevier B.V. 619-639.

[2] S. K. Hubadillah, M. H. D.
Othman, T. Matsuura, A. F.
Ismail, M. A. Rahman, and Z.
Harun. 2018. Fabrications and

[3]

[4]

[5]

[6]

[7]

[8]

[9]

Applications of Low Cost
Ceramic Membrane from Kaolin:
A Comprehensive  Review.
Ceram. Int. 44: 4538-4560.

S. M. Samei, S. Goto-Trinidad,
and A. Altaee. 2018. The
Application of Pressure-driven
Ceramic Membrane Technology
for the Treatment of Industrial
Wastewaters — A Review. Sep.
Purif. Technol. 200: 198-220.

Y. Kinemuchi, T. Suzuki, W.
Jiang, and K. Yatsui. 2001.
Ceramic Membrane Filter Using
Ultrafine Powders. J. Am. Ceram.
Soc. 84: 2144-2146.

Y. H. Wang, Cheng J. G, Liu X.
Q., Meng G. Y., and Ding Y. W.
2001. Preparation and Sintering
of Microporous Ceramic
Membrane Support from Titania
Sol-coated Alumina Powder. J.
Am. Ceram. Soc. 91: 825-830.

P. M. Biesheuvel, V. Breedveld,
A. P. Higler, and H. Verweij.
2001. Graded Membrane
Supports Produced by
Centrifugal Casting of a Slightly
Polydisperse Suspension. Chem.
Eng. Sci. 56: 3517-3525.

A. Labot. 1996. Ceramic
Processing Techniques of
Support Systems for Membranes
Synthesis. In Fundamentals of
Inorganic Membrane Science
and Technology. Edited by A. J.
Burggraaf  and L. Cot.
Amsterdam: Elsevier B. V. 119-
139.

A. C. Young, O. O. Omatete, M.
A. Janney, and P. A. Menchhofer.
1991. Gelcasting of Alumina. J.
Am. Ceram. Soc. 74(3): 612-618.
M. A. Janney, O. O. Omatete, C.
A. Walls, S. D. Nunn, R. J. Ogle,
and G. Westmoreland. 1998.
Development of Low-toxicity
Gelcasting Systems. J.  Am.
Ceram. Soc. 81(3): 581-591.



[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Fabrication of Low Cost Alumina Tube 57

A. Barati, M. Kokabi, and M. H.
N. Famili. 2003. Drying of
Gelcast Ceramic Parts via the
Liquid Desiccant Method. J. Eur.
Ceram. Soc. 23: 2265-2272.

N. O. Shanti, G. C Denolf, K. R
Shull, and K. T. Faber. 2012.
Liquid Desiccant Solvent
Extraction of Alumina Filled-
Thermoreversible Gels. J. Am.
Ceram. Soc. 95(2): 509-514.

E. C. Hammel, Campa J. A,
Armblister C. E., Scheiner M. V.,
and OKoli O. I. 2017. Influence
of Osmotic Drying with an
Aqueous Poly(ethylene glycol)
Liquid Desiccant on Alumina
Objects Gelcast with Gelatin.
Ceram. Int. 43: 16443-16450.

X. F. Wang, C. Q. Peng, R. C.
Wang, Y. H. Sun, and Y. X
Chen. 2015. Liquid Drying of
BeO Gelcast Green Bodies Using
Ethanol as Liquid Desiccant.
Trans. Nonferrous Met. Soc.
China. 25: 2466-2472.

M. Trunec. 2011. Osmotic
Drying of Gelcast Bodies in
Liquid Desiccant. J. Eur. Ceram.
Soc. 31: 2519-2524.

A. Barati, M. Kokabi, and M. H.
N. Famili. 2003. Modeling of
Liquid Desiccant Drying Method
for Gelcast Ceramic Parts.
Ceram. Int. 29: 199-207.

E. C. Hammel, K. Pettaway, T.
Ichite, and O. I. Okoli. 20109.
Towards Optimization of the

Osmotic Drying Process of
Alumina-gelatin Objects:
Regression Analysis and
Verification. Ceram. Int. 45:
5223-5230.

V. Prosapio, and I. Norton. 2017.
Influence of Osmotic
Dehydration Pre-treatment on

Oven Drying and Freeze Drying
Performance. LWT Food. Sci.
Technol. 80: 401-408.

[18]

[19]

[20]

[21]

[22]

[23]

[24]

E. Demesonlouoglou, A. Chalkia,

and P. Taoukis. 2018.
Application of Osmotic
Dehydration to Improve the

Quality of Dried Goji Berry. J.
Food. Eng. 232: 36-43.

E. Demesonlouoglou, A. Chalkia,
G. Dimopoulos, and P. Taoukis.
2018. Combined Effect of Pulsed
Electric Field and Osmotic
Dehydration Pre-treatments on
Mass Transfer and Quality of Air
Dried Goji Berry. Innov. Food.
Sci. Emerg. 49: 106-115.

I. Ahmed, I. M. Qazi, and S.
Jamal. 2016. Developments in
Osmotic Dehydration Technique
for the Preservation of Fruits and
Vegetables. Innov. Food. Sci.
Emerg. 34: 29-43.

L. Qiu, M. Zhang, J. Tang, B.
Adhikari, and P. Cao. 2019.
Innovative  Technologies  for
Producing and Preserving
Intermediate Moisture Foods: A
Review. Food. Res. Int. 116: 90-
102.

I. Ahmed, I. M. Qazi, and S.
Jamal. 2016. Developments in
Osmotic Dehydration Technique
for the Preservation of Fruits and
Vegetables. Innov. Food. Sci.
Emerg. Technol. 34: 29-43.

K. Lertwittayanon. 2014.
Formula and Forming of
Alumina Ceramics by Agar
Gelcasting. Thailand  Patent
Pending, 1401000809.

Q. Chang, Y. Yang, X. Zhang, Y.
Wang, J. Zhou, X. Wang et al.
2014. Effect of Particle Size
Distribution of Raw Powders on

Pore Size Distribution and
Bending Strength of Al.O3
Microfiltration Membrane

Supports. J. Eur. Ceram. Soc. 34.
3819-3825.





