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ABSTRACT

Aluminum fibers are important due to their high strength and resistance against metals and non-
oxide materials slag, chemical stability up to 1000, low heat generation, and appropriate electrical
cinsulation. The most important alumina fibers are used as metal or ceramic reinforcement and
cause the improvement of physical and mechanical properties. Therefore, it is necessary to provide
high strength fiber with appropriate shape. The purpose of the present study is to add these
materials and reach the best fibers in terms of shape, strength and diameter through sol-gel
method. Hence, we attempt to investigate various factors effect and obtain strong fibers using sol-

gel method.
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INTRODUCTION

In sol-gel method, sol is hydrolyzed till an
appropriate viscosity is obtained to produce fiber.
Alumina fibers are regarded as a very important
engineering finding. These fibers have many
applications such as catalyst base in high-
temperature reactions, fire protection and resins,
metal and ceramic reinforcement [1]. Aluminum
fibers are important due to their high strength and
resistance against metals and non-oxide materials
slag, chemical stability up to 1000°C, low heat
generation, and appropriate electrical cinsulation.
The most important alumina fibers are used as metal
or ceramic reinforcement and cause the improvement
of physical and mechanical properties. Therefore, it
is necessary to provide high strength fiber with
appropriate shape [2]. As an important problem in
providing fibers, we can refer to the problem of
sticking fibers with different diameters to each other,
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creating hollow fibers, fibers cracking, heavy
production cost, and strength decrease in high
temperature (1000°C) and in rust-susceptible humid
air [3]. One of the most effective methods of ceramic
fiber production is sol-gel technique. The main
advantages of sol-gel method, compared to other
conventional methods, is its mechanism in low
temperature, products homogeneity, fibers’ uniform
diameters, similar shape, and appropriate control of
fibers’ final features. To improve flaws of fibers, sol
spinning features including viscosity and polymer
building spinning sol should be
investigated.Spinning soles should be polymer linear
shape and show Newton behavior; i.e., viscosity
should be independent of cut speed to produce
sequential fibers. Regarding sols with non-Newton
viscosity, 3D polymer building occurs. This feature
of sol is not appropriate for fiber production.
Viscosity in sol spinning is another important feature
which should be properly controlled. For the study,
fibers which were produced from sol had a viscosity
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bout 100P. Desirable viscosity for sol should be as
much as it produces fibers during spinning process.
During spinning process, a low-viscosity sol causes
the formation of some drops while, a high-viscosity
sol causes to the rapid creation of gel. Adding
appropriate spinning such as 0.1% to 10% of PVA,
PEG, Lactic acid, PVP, and PED weight to the gel,
gel formation can be avoided somehow. However, to
prepare desirable fiber, organic amount should be
minimized to decrease volatility at calcinations stage.
Further, alumina alpha is formed at a temperature
higher than 1000 °C which leads to rapid growth of
grains and decreasing fibers’ strength. To improve
mechanical properties, some additives such as MO,
SiO, and Fe,Os; control this issue and enhance
mechanical strength [4]. Many studies have been
conducted on increasing alumina strength [5-11].
The present study is an attempt to investigate various
factors to increase the strength of aluminanano-fibers
using sol-gel method. Aluminanano-fiber with the
least diameter without adherence is synthesized
through sol-gel method. Hence, there is a need of
investigating various factors to increase the strength
of aluminanano-fibers using sol-gel method.
Obtaining its optimum amount through sol-gel
method can be regarded as the innovative aspect of
this research.

RELATED LITRATURE

Surface modification causes to improving corrosion,
increasing corrosion resistance, decreasing ion
release, and improving biocompatibility [13].
Various modification methods such as PVD and
Andonizing [14], sol-gel [15] and Electrophoresis
[16] have been employed to improve corrosion
resistance and alumina biocompatibility. One of the
most important coating parameters is to use
appropriate  method to create coating with
appropriate density, uniformity and cohesion [17].
Electrolytic Plasma Process (EPP) method can be
also employed as a technique to create ceramic
coating on metals. As the previously conducted
studies reported, the coatings created in this way
cause to create a high corrosion resistance and anti-
corrosion characteristics in the surface of metal [§].
This method significantly increases surface
properties of metals such as oxidation resistance,
corrosion resistance, and intra-surface association
[19]. So far, many coatings have been created using
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this method. For example, we can refer to the study
performed by Kern et al. using EPP method [19]. In
another study, alumina silica composite has been
coated for plan applications [12]. Due to a
combination of high corrosion resistance, good
biocompatibility, and high strength, Al,Osis used
[20]. Various ceramic coats such as Zirconia [15]
and Hydroxyapatite [21] have been applied on
stainless L316 metal by different methods. Barik et
al. (2005) applied Al,O; coating using plasma
electrolyticoxidation method and investigated it s
corrosion properties on aluminum alloy 6082 [22].
Sarafoglou et al. (2007) explored Al,Os;coating on
AISI 316 stainless using controlled
atmosphericplasma spray[23].In another
electrochemical study, corrosion resistance behavior
of Hydroxyapatite on stainless metal created by EPD
method was analyzed [24]. Other researchers in 2013
improved Hydroxyapatite coatings properties created
by plasma coating through reinforcing Al,Osparticles
[25].

METHOD

For sol-gel mechanism, precursor is of alumina fiber
including Oxy-aluminum chloride, base aluminum
chloride, curling irons, aluminum acetate, and
andaluminumacetatemonohydrate. asically, sol-gel
mechanism of aluminum fibers has the following
stages: Preparing sol by permitted additives and
achieving an appropriate rheology for spinning,
liquid spinning to achieve gel fibers, and gel fivers
calcinations to obtain final oxide fibers. It is highly
important to well control all the above three stages to
obtain high-quality fibers with final desirable
features. For preparation, alumina sols should be
prepared through detailed changes in the known
Oxychloridemethod. With silica additives as
sintering assistant and Lactic acid as spinning
assistant, sol was spine through a home spinner with
120 0.4 mm-diameter holes and speed of 2000 rpm.
The spine fibers were collected in a mat-like
cylinder. The fibers were heated at a temperature of
60°Cwith a relative humidity of 50% to prevent
sticking to each other. The fibers dried by fibers
were calcinated with different scheduling in different
temperatures (up to 1400°C) to produce silica
alumina fibers (weight of 4%). Using electronic
microscopic  scanning, micro-structural related
features were investigated and observed. The
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viscosity of gel was measured by Kaake VT550.
Further, the mentioned additives (such as glue and
spinning assistance) were added and their effect was
analyzed. Finally, FTIR, TEM and XRD analyses
were performed [3]. To produce 1-D alumina,
aluminum II with high purity and Pentane Dion IIII
[AlI(CH3COCHCOCH3)3] with the purity of 99.995%
were employed in alumina fibers synthesis process.
Adequate amount of clear white powder is solved by
mildly shaking in ACS and acetone grading to gain a
clear liquid. The saturation of AP liquid which is
used in this work is 0.85x10”mol L.

Polyvinylpyrrolidoneis used in polymer element of
all combinations. This polymer liquid is subjected to
intense shake by solving PVP powder in ethanol
reagent to gain 15%wt. of PVP liquid. This
saturation was performed. After several primary
reiterations, desirable viscosity was selected in
organic and non-organic liquids combinations. In
electro-spinning experiments, the average amount of
precursor liquids (AP and PVP) was added to beaker
and combined through magnetic stirrer to form
cohesive and homogeneous liquid. After combining,
this liquid was floated in Benton-Dickinsom medical
syringe (with the capacity of 5ml). Figure 1 shows
collector template design [6-8]. To prepare porous
and coated alumina, pre-structural sub-layers of Au
should be produced from porous alumina frames
(Al,03). Anodizing high-porosity aluminum foil
coating (99.99%) is continued under constant voltage
(4W) in Oxalic acid solution (duration of first and
second anodizationhas been 8 hours and 1 hour,
respectively). Apertures produced in this process had
a diameter of about 40 nm and center-to-center
distance of 105 nm. Passing this process, a thin layer
of Au was changed into a thick deposit on the frames
(Emitech-K550). Using 12 w DC power for Au
layer, the distance between sub-layer became 2.5 cm.
the thickness of Au layer was changed by changing
deposit time between 0-10 minutes [30]. To make
clear alumina nano-fibers through electro-spinning,
just like making nano-fibers in 1D section, PVP
liquid was made by solving PVP powder in ethanol
reagent through intensely and constantly shaking.
Aluminum precursor liquid remained clear in
acetone and it did not require any retrofitting during
long time without any golden substance. Equal to the
amount of precursor liquids for electro-spinning
experiments (PVP and AP), after injecting the
combination in Benton-Dickson medical syringe

Life Science

ISSN 2250-0480

VOL 6/ ISSUE 4/OCTOBER 2016

(5ml), it was completely mixed in homogeneous
cohesive liquid [34]. To prepare spine alumina fiber,
alumina gels should be prepared by creating the least
changes in known oxycholoride method. Aluminum
oxychloride sols that 30.5% of its weight was formed
by alumina were prepared. These sols had a viscosity
of 5P. These sols, then, were combined with SiO,
and Lactic acid or PAV with Stoichiometric ratio.
Afterwards, they were heated at the temperature of
70 °Cwith a viscosity about 100P. Finally, they were
spine by spinerette. This spinerette had 120 0.4mm-
diameter holes which rotated with the speed of
2000rpm. The spine fibers were collected in a mat-
like cylinder. The fibers were heated at a temperature
of 60°C with a relative humidity of 50% to prevent
sticking to each other. The fibers dried by fibers
were calcinated with different scheduling in different
temperatures of 500, 950 and 1200 °C [36-37]. To
prepare alumina sol in triple combination, MgNO3
should be added to the sol such that the final
combination contains 1 and 2% MgO. Hydroxyethyl
cellulose (HEC) was added to the sol as cohesive to
obtain a balanced strength and flexibility. Then,
removing water, the sol became thick to reach the
required solid volume. When the sol became
appropriate to form fibers, 10ml syringe was added
and fibers were stretched in a triangular crystal
container containing ammonia liquid. Next, the in-
gel fibers were separated from ammonia liquid and
dried at the room temperature. The dried fibers were
sintered for 2 hours at the temperature of 1600 °C
with heating speed of 5°C in minute [39-4].

RESULTS

The Effect of Temperature

Figure 1 shows gel and powder X-ray design in
various temperatures. As shown in the figure, at the
temperature of 500°C, the gel is totally amorphous.
The gel, in fact, has been formed at low temperatures
from aluminum hydroxide groups which are
analyzed by increasing the temperature of hydroxide
groups. At the temperature of 900 °C, alumina phase
of X with a cubic structure is formed. As a result of
increasing the temperature up to 1000 °C, alumina
phase of X is changed into KAPPA alumina.
Simultaneously, alpha alumina phase peaks are
emerged and the peaks intensity is increased by
increasing the temperature such that alpha phase
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totally becomes stable at the temperature of
1100°Cand the middle phases are disappeared. As
shown in the figure, the gel’s weight is decreased up
to 50% at the temperature of 700 °Csuch that the
weight reduction at 300°C pertains to water exit and
heating peak in this temperature also pertains to this
phenomenon. At this stage, weight reduction is about
35%. Between 300 to 600 °C, the weight reduction
level is increased (about 5%) and volatiles exit is not
considerable. Increasing temperature to 600 °C led to
higher weight reduction due to exiting chlorine from
the gel. Increasing temperature from 75°C led to no
reduction in weight and all volatiles exist from the
gel and form middle phases of alumina and phase
changes begin at higher temperatures. Figure 2
shows scanning electron microscope images from
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calcinated at 1100 °C for 3 hours. As shown in the
figure, the size of grains is 200 nm on average and
the smallest grain has a size of 32 nm. Figures 3 and
4 pertain to TEM images from calcinated species at
the temperatures of 1100 and 1200 °C. According to
the figures, considerable amounts of particles are
below 100 nm. In higher magnifications,
crystallization can be clearly seen. Testing
temperature revealed that at low temperatures, the
gel is amorphous while at high temperatures,
alumina middle phases are appeared and these phases
are changed into alpha alumina. Increasing the
temperatures, the gel firstly loses its water at the
temperature of 300°Cand chlorine existing in the gel
exits at the temperature of 700 °C. Alpha alumina
powder produced in this way has a size of 200 nm

alumina powder. These powders have been and the smallest particles reaches 32 nm.
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Figure 1
XRD pattern for temperature changes
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Figure 2
Alpha alumina powder calcinated at 1200 °C

Figure 3
Calcinated species at 1100°C in two different magnifications
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Figure 4.
Calcinated species at 1200°C in two different magnifications
Accumulation BET specific surface area information and species’
Extraordinary absorption capacity indicates high porosity at three temperatures shown in Figure 5 are
amount of aperture in species which are prepared purified. For the species prepared by PEO active
with PEO. Porosity level is attributed to empty materials, downhill increase in desorption, from 1
inter-crystal spaces in accumulated nano fibers of P/P, about 0.7, refers to high level of porosity while
alumina. The important feature of nano fibers desorption capacity b (w/o PEO) is low for the
structure is their high resistance at high temperature. species.
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Random accumulation of alumina nano fibers leads
to highly porous texture. Obviously, superficial
nitrogen absorption depends on its porosity. Alumina
prepared without nitrogen absorbs more than 300
cm3/g STP and PEO in 77k. While, this prepared
species absorbs 1050 cm’/g STP at the presence of
PEO. At liquid state, the chains of PEO active
materials tend to accumulation close to each other
and oxide groups are created by forming ravine.
When active substance is scattered in the middle of
pole like watery systems or polar surfaces, oxide
groups, external surface of ravines at the presence of
contact with the middle of pole and Bohemia crystal
surface will be formed. Change in peak failure from
lower angle indicates the interaction between active
materials’ oxide groups and Bohemia crystallites
surface. This hydrogen association does not seem
adequately strong against natural changes in
Bohemia crystallites; but, it may lead to oxide
groups’ accumulation in active materials. It is due to
the fact that active materials molecules accumulation
has higher flexibility.
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Electric Field

Figure 6 shows microscopic images of spine fibers.
Unique fibers with uniform features and relatively
high slope are easily seen. Direct tendency to spine
fibers under the impact of pressure imposed on
electric field is obvious. SEM images in fibers
combination burning in constant pressure of air at the
temperature of 1300 °C have been also presented. As
observed, the main characteristics which are obtained
in spines combination are totally maintained in
burned species while predicting considerable
decrease in fibers’ diameter. As shown in Figure 7,
DES fiber of Al,O; which were burned at 1500 °C
for lhour revealed that increasing calcinations
temperature leads to the clarity of particles;
association, inter-particle conductivity and inter-fiber
connection. As Figure 7 shows, dispersive spectrum
of ED’s energy in alumina fibers burning for 1 hour
at 1000 and 1500 °C are obtained. These spectrums
refer to the presence of aluminum and oxygen
separately. After this heating behavior, Al,O; is
obtained.

1000C

Figure 6
Microscopic image of spine fibers of AP-PVP

1500C

!
‘// . —_—
0 0.7 1.4 21 2.8 3.5 4.2 4.9
Figure 7

EDS image pertained to 1000 and 1500°C
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SEM images of combination fibers burning at 1000 and 1300°C are shown in Figure 8. As observed, fiber
features are maintained in spine combination burning in species with a considerable decrease in fibers’

diameter.

Figure 8
SEM images of vaccinated fibers: a) 1000°C, b) 1300°C for 1 hour

EDS spectrum existing on fibers burning at 1000 °C for 1 hour has been shown in Figure 9 and indicates the
presence of aluminum and oxygen. After burning fibers at 1500°C for 1 hour, 56% aluminum is obtained in

these fibers.

Al

I\
A\ H\

0 100

Combination

In Figure 10a, real images of sintered fibers,
alumina-zirconium-magnezium,are presented.
Micro-structures of alumina and alumina-zirconium
are shown. When MgO content is increase about
2%, grain size is decreased. Grain size of alumina
fiber without MgO varies from 1 to 4 pm. While
2% MgO changes this value from 1 to 2.07 pm. For
alumina-zirconium fiber without MgO, grain size is
1-4 pm. When MgO is added up to 2%, grain size is
changed from 1 to 3 um. At the presence of MgO,
the temperature of crystallization phase ofa-
AlL,Oswas 125 °C. Increasing temperature is the
result of increasing resistance to phase change with
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Figure 9
EDS sign in electrospine fibers burning at 1500°C
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grain size reduction. Heating peak of 1290°C in
zirconium-alumina  fiber  without MgO s
accompanied witha-Al,Os crystallization.
Aluminum hydroxide and its derivatives were
dehydrated to create concentration state by
changing aperture structure into changed alumina.
A-alumina formation from the changed alumina
includes ordering oxygen latticing from the changed
cubes into a closed hexagonal structure. Probably,
zirconium ions cause to create a force in aluminum
ions dissemination. Therefore, transferring to a-
AlL,Os5 at the presence of zirconium occurs at higher
temperatures. When MgO content is increased up to
2%, temperature is increased up to 1320 °C. The
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effect of MgO and ZrO; leads to the increase of
change in temperature.The effect of MgO in
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alumina-zirconium fiber is less than alumina fiber
due to the lack of solving MgO in zirconium.

SEM images of combination

CONCLUSION

The purpose of the present study is to add these
materials and reach the best fibers in terms of shape,
strength and diameter through sol-gel method.
Hence, we attempt to investigate various factors
effect and obtain strong fibers using sol-gel method.
This work proved that a-alumina fibers with uniform
diameter, high structural quality and high slope ratio
can be produced through electrospinning technique.
We found out that there is the possibility of
parahegsaphylnano fibers growth on porous nano
alumina frames coated by high layering through
physical stem deposit. The new proposed design of
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