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Abstract:

Indonesia is one of the most important rice producers in the world with 15 million tons of rice husks that have not
been optimized for use. Generally, rice husk has a silica content of up to 90-98%. Silica is a halogen-free material
that acts as a barrier to prevent heat and mass transfer in the combustion zone. Silica is a compound that has
non-toxic and formaldehyde-free flame retardant properties, making it more environmentally friendly. This study
aims to develop a flame retardant improvement method using nanobiosilica from rice husk waste and to obtain
flame retardant ramie fabric because ramie fiber is a sustainable fiber because of its ecological cultivation
process. In this study, ramie fabric was modified using nanobiosilica from rice husk waste with a variation of
concentration of 10% and 20% and the amount of 4 and 8 layers to improve fire resistance using the layer-by-
layer method. This modification was assisted by a coupling agent 3-aminopropyltriethoxysilane to facilitate the
formation of chemical bonds between the nanobiosilica particles and the fabric. The results of the flame retardant
test on modified ramie fabric with a concentration of 20% by the amount of 8 layers showed the best fire resistance
performance among the others. This ramie fabric can withstand a fire rate of 0 cm/sec for warp direction and
0.04 cm/sec for weft direction. In addition, there is no length of char produced in the warp direction, but in the
weft direction it only forms a char about 1 cm long. The washing evaluation result showed that all fabric variations
could still retain the flame and the results of the process had a good washing resistance. The SEM analysis showed
that the modification of ramie fabric using nanobiosilica was successful even after the washing evaluation was
carried out, the nanobiosilica was still attached to the ramie fabric. In addition, the results of the TGA test also
show that nanobiosilica can improve the thermal stability of the modified ramie fabric.
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I.  Introduction

Fire-resistant fabric is fabric that can withstand flames so that it cannot continue burning, usually made
from asbestos, aramid and nomex fibers. Even though it can naturally withstand flames, using products made from
this fiber is less comfortable when worn because it is less breathable. To support the comfort factor, a material is
needed that easily absorbs sweat, is cool, not stiff, not rough, and breathable. Comfort is a condition where there
is psychological, physiological and physical harmony between humans and the environment!'!. Currently, many
researchers have made modifications to cotton fabric to produce good fire resistance because cotton fabric can
provide a comfort factor which is one of the most important aspects for apparel products?-11%. However, cotton
production in Indonesia still depends on imports because cultivation is difficult. Therefore, to meet the need for
industrial raw materials in the long term, there needs to be an alternative solution as a substitute for cotton fiber
to meet domestic production so that Indonesia is not dependent on imports. A natural fiber that can be an
alternative to cotton fiber is ramie fiber because it has similar properties to cotton fiber, but with the advantage of
easier cultivation. Ramie fiber is a sustainable fiber from the ramie plant which has the Latin name Boehmeria
nivea (L.). Ramie fiber is the strongest and smoothest fiber compared to other natural fibers in the world. Currently,
the ramie plant is being developed in Indonesia by the Indonesian Ramie Consortium (KORI) following up the
appointment of ramie plant as a National Research Priority (PRN) in 2020-2024'"], To be able to have good fire
resistance functionality in ramie fabric, the ramie fabric needs to be chemically modified with a flame retardant
substance.

Indonesia is one of the main rice producers in the world, producing around 75 million tons of dry milled
grain per year or the equivalent of 15 million tons of rice husks which has not been used optimally!'?], even though
rice straw contains more silica than other plants. Generally, the silica percentage in rice husks reaches 90-98% of
its composition!'*I !4, Rice husks are non-flammable and difficult to ignite with fire while being in an open space
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unless air is blown into them'). Silica is a material that is halogen-free and acts as a barrier, preventing heat and
mass transfer in the combustion zone!'%l. Besides that, silica can form a protective layer and provide thermal
stability to the materiall!”). The silica found in rice husks is a compound that has fire-resistant properties that are
non-toxic and formaldehyde-free. The natural silica found in agricultural waste can be used as an alternative to
commercial silica base materials!'?, because it is considered more environmentally friendly. Silica from
agricultural waste is renewable, economical, abundant, and its use is still less than optimal in Indonesial4,
especially in the textile industry. One of the uses of nanobiosilica in the textile industry is that it can be used as a
material to increase the flame retardant properties of fabric that has been treated. Nanobiosilica from rice husks is
a renewable and sustainable material because it is considered biomass waste that can be reused. Therefore, the
purpose of this research is to study the use of nanobiosilica from rice husk waste as an environmentally friendly
alternative flame retardant material for improving the flame retardancy of cellulose-based fabrics. This research
aims to develop a method for improving fire resistance by using nanobiosilica from rice husk waste and obtaining
fire-resistant ramie fabric.

Silica is strongly reputed to work on the surface of the material in its action to provide fire resistance
properties to the material. In accordance with the premise above, it is possible that an effective application method
for improving fire resistance on textile materials is by layer-by-layer. If done using the pad-dry-cure method as is
usually done in industry, there is a possibility that this method will not be effective for nano-sized silica particles
because the nanobiosilica particles will easily enter the fiber structure. In fact, its work is expected to be outside
the fiber as a thermal barrier when in contact with fire. The process carried out in this method is considered
environmentally friendly because it does not require a lot of solution to be used. Apart from that, preparation in
the textile sector is still easy, simple and energy-efficient!!). There are several LBL process techniques that can
be carried out on fabric, one of which is the immersive assembly technique as used in this research. This technique
is done by soaking a fabric in a solution that has a positive or negative charge. After that, the fabric is rinsed and
dried, then soaked again in a solution that has a different charge from the previous solution, then rinsed and dried
again. This process is repeated until the desired number of layers is achieved. There are several factors that can
influence the results of this method, among them are: electrolyte concentration, ionic strength, temperature,
absorption time, rinsing and drying time'’), pH, heat, solvent, mechanical forces, competitive binding, and
salts(?%],

In previous research, several researchers still used silica precursors such as TMOS, TEOS, and
tetrabutylorthosilicate as well as other commercial materials for applying flame retardant enhancements to fabrics.
Whereas, those precursors mentioned above is hazardous for human health. Research conducted by Kashiwagi et
al (2000) reported that silica fume and silica gel can accumulate on the surface of the polymer to act as a thermal
insulation layer and reduce the polymer concentration near the surface?'l. He also confirmed the existence of
relationship between the viscosity of the polymer and the surface area of the silica particles which has a significant
impact on the combustion properties. Attia et al (2015) applied silica nanoparticles from rice husk waste and
organic borates using a binder on linen fabric with a back coating technique which resulted in a high level increase
in flame retardant textile fabrics/??!. Przybylak et al (2016) applied organosilicon derivatives to cotton fabrics to
efficiently provide a high flame retardant protective layer by producing high reactivity and cross-linking for the
function of siloxane groups in increasing washing resistance and thermal stability®*]. Saleemi et al (2020)
modified polyester/cotton fabric using SiO2 and ZnO nanoparticles which resulted in increased fire resistance
with the addition of silica nanoparticles!'”. Malucelli (2020), with the applying of silica nanoparticles to cotton
fabric using the layer-by-layer method, showed excellent results in reducing burning timel®l. Now, in this research,
a coupling compound of the aminopropyltriethoxysilane type was used to facilitate the formation of chemical
bonds between nanobiosilica particles and fabric by varying the concentration of nanobiosilica and the number of
layers to be applied to the ramie fabric. Therefore, it is hoped that the greater the number of layers and the higher
the concentration of NBS applied can produce better fire resistance properties using the LBL method.

Il.  Material And Methods

Material: Ramie fabric with 100% ramie fiber composition, plain woven type with a grammage of 411.1 g/m?,
Nanobiosilica from rice husks was obtained from the Bogor Post-Harvest Research and Development Center and
PT Agro Industri, Dispertion (PT Tanatex), 3-Aminopropyl triethoxysilane (Sigma Aldrich), acetic acid (Merck),
sodium hydroxide (Merck), distilled water ( PT Amidis Tirta Mulia), ethanol (CV Seger Chemical).

Tools: Goblets, measuring cups, Erlenmeyer, measuring pipettes, stirring rods, analytical balances, universal pH
indicators, magnetic stirrers, hot plate stirrers (WiseStir), and ultrasonic cleaners (Power Sonic 420) in the
Environmental Testing Laboratory of the Textile Center. Sonicator (Janke & Kunkel), compressor, padder and
stenter at the STTT Bandung Polytechnic Improvement Laboratory.

Study location: This research methodology was carried out at the Environmental Testing Laboratory at the Textile
Center; Refinement Laboratory, FTIR Characterization Laboratory, Chemical Evaluation Laboratory, Physics
Evaluation Laboratory at Polytechnic of Textile Technology; SEM Instrument Laboratory at the Geological and
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Marine Research Center; as well as the Chemical Instruments Laboratory of the Indonesian Education University,
Bandung.

Procedure methodology

The first thing that needs to be prepared is to make a nanobiosilica solution from rice husk waste which
is done in three stages in the way that previous researchers have done?*! with some modifications. The working
procedure for making NBS solution is as follows: (1) Make pH water in an alkaline atmosphere as an NBS solvent
by adding 100 ml of NaOH to distilled water until the pH reaches 11; (2) Add 2% (v/v) dispersant to pH 11 water
while stirring gently using a stir stick; (3) Then add NBS with concentrations of 10% and 20% (w/v) to the solvent
while stirring on a hot plate stirrer (WiseStir) at a speed of 1200 rpm, at a temperature of 80°C for 30 minutes; (4)
After that, the NBS solution was ultrasonicated at 70°C for 2 hours with a frequency of 40 KHz.

The next preparation is to make a coupling agent solution using APTES which is carried out in two stages
using the method that researchers have carried out previously>” with some modifications. The working procedure
for making the APTES solution is as follows: (1) Make a mixture of ethanol and water (60:40 ml) with the addition
of acetic acid (CH3COOH) so that the solution is at pH scale of 4.5 - 5.5. (2) After that, add APTES as much as
2% (v/v) drop by drop while stirring at a speed of 350 rpm for 10 minutes.

After making the solution, the solution is immediately applied to the fabric using the LBL method which
is expected to produce cross-linking in layers between the fabric and NBS assisted by the APTES coupling agent.
The working procedure for applying NBS and APTES solutions to ramie fabric using the LBL method (can be
seen in Picture nol) is as follows: (1) Prepare samples of ramie fabric that have been cut to proper size for flame
retardant vertical method testing; (2) The ramie fabric is soaked in the APTES solution for 5 minutes; (3) After
that, rinse the ramie fabric with deionized water for 2 minutes; (4) Then the fabric is dried in a stenter machine at
a temperature of 100°C for £10 minutes; (5) After the fabric is dry, continue heating it at 120°C for 3 minutes; (6)
Continue by placing the heat-cured ramie fabric in the NBS solution with a concentration of 10 & 20% (w/v) for
5 minutes; (7) The ramie fabric was rinsed with deionized water for 2 minutes; (8) Then the fabric is dried in a
stenter machine at a temperature of 100°C for £20 minutes; (9) After the fabric is dry, continue heating the
preservation at 140°C for 3 minutes; (10) Repeat all these stages according to the layers you want to achieve (4 &
8 layers), but continue with soaking in APTES and NBS solutions for 2 minutes and each rinse for 30 seconds.
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Picture nol: Illustration of Layer by Layer Methods on Ramie Fabric-APTES-Nanobiosilica

Surface Chemical Analysis with FTIR

Fourrier Transform InfraRed (FTIR) is an instrument used to analyze the presence of functional groups
in the samples being tested. Analysis is carried out by looking at the shape of the spectrum or specific peaks which
indicate the type of functional group the compound has/?®!. Characterization using FTIR was carried out to analyze
the fabric qualitatively by proving the presence of functional groups in ramie fabric that had been treated using
NBS and APTES. The material used in this characterization test is ramie fabric consisting of (a) untreated fabric
(blanko fabric), (b) fabric that has been modified with NBS and APTES, and (c) modified fabric that has been
washed.

Surface Morphology Analysis with SEM

Scanning Electron Microscopy (SEM) is an instrument with an effective method for analyzing organic
and inorganic materials on the nanometer (nm) or micrometer (um) scale?’!. From the results of analysis using
SEM, the size and shape of the particles of a material can be determined if the sample is in powder form and also
identify the fiber morphology from the success of a coating in the form of coated fabric. The material used in this
characterization
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test is ramie fabric measuring 0.5 x 0.5 cm consisting of (a) untreated fabric (blanko fabric), (b) fabric that has
been modified with NBS and APTES layers, and (¢ ) modified fabric that has been washed.

Flame Retardant Vertical Method Testing

The flame retardant vertical method testing is one of the tests carried out to test textile materials whether
they are able to withstand flame or whether they are flammable. The principle of testing fire resistance using the
vertical method is to burn fabric that is clamped to a frame and placed vertically for a certain time. The time from
when the fire is taken until the flame goes out, the time from when the flame goes out until the coals are
extinguished and the length of the char in the sample are measured. The materials used in this test were test
samples by measurement of 32x7 cm, both warp and weft.

Washing Evaluation with Repeated Washing

In this washing evaluation, the aim is to determine the resistance of the treated fabric to repeated washing,
whether it still has the same performance as the treatment results or whether its performance decreases after
washing. The principle of washing evaluation is that the test sample is washed in a washing solution with 4 g/l
AATCC soap under certain conditions, then rinsed and dried. In this evaluation, the washing temperature were
40°C for 45 minutes without any pH adjustment. The material used in this test is a test sample by measurement of
2.5x20 cm.

Thermo Gravimetry Analysis (TGA) Testing

Thermo Gravimetry Analysis (TGA) is an instrument used to analyze mass changes in a sample which
is measured as a function of temperature. This test can not only analyze the thermal and residual stability of fabrics
that have been modified using flame retardant compounds which begin to be measured when heated at room
temperature to high temperatures at 600°C in nitrogen (N,) and atmospheric (O2) conditions, but can also analyze
up to temperatures 1000°C. The initial temperature used for this test was set at 25°C and ended at 850°C with a
rate of 10°C/min under nitrogen conditions. The material used in this test is ramie fabric consisting of (a) untreated
fabric (blanko fabric), (b) fabric that has been modified with NBS and APTES coating, and (c) modified fabric
that has been washed. The weight of each blanko ramie fabric sample used in this test was 43.685 mg, the modified
ramie fabric was 56.341 mg, and the washed ramie fabric was 58.826 mg.

I11.  Result
Results of Layer by Layer Method: From the results of applying the NBS solution to Picture no2 with
a concentration of 10% on ramie fabric with a total of 4 layers, it can be seen that the coating is visually more
even compared to application at a concentration of 20%. At meanwhile, from the results of applying NBS solutions
with concentrations of 10% and 20% on ramie fabric with a total of 8 layers, it can be seen that the results of both
coatings are quite even visually, the same as the results of coating 4 layers with a concentration of 10%.

Picture no2: (a) NBS 10%-4Layer, (b) NBS 10%-8Layer, (c) NBS 20%-4Layer, (d) NBS 20%-8Layer
(a) - — ; (b) £ TVSEE - —
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Picture no3 shows the results of weighing ramie fabric before and after modification using NBS using
the Layer by Layer method. Here, it can be seen that the post-modified fabric does not always show an increase
in fabric weight even though the number of layers applied is increased. This can happen because when ramie
fabric is rinsed after being soaked in the NBS solution, some of the NBS that has previously adhered to the fabric

is released.

Picture no3: Increase Weight Graphs of Ramie Fabric (gr)
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Results of Flame Retardant Vertical Method Test: Picture no4 shows a graph of the flame rate on
ramie fabric both before and after modification. It can be seen that the flame rate graph decreases as the
concentration and number of NBS layers applied to the ramie fabric increases. In a sample of ramie fabric modified
using NBS with a concentration of 20% by quantity of 8 layers, the fire was immediately extinguished as soon as

the fire source was removed from the fabric.

Picture no4: Flame Speed Graphs on Ramie Fabric Before and After Modification
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After Modification
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Picture no 5 shows a graph of the length of char produced from burning ramie fabric both before and
after modification. In Picture no6, it can be seen that the blanko ramie fabric, both in the warp and weft directions,
has a length of char along the ramie fabric sample because it was not modified so the ramie fabric burned
completely. At meanwhile, in ramie fabric that has been modified using NBS, it can be seen that the length of char

produced is little or even non-existent.
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Picture noS5: Char Length Graphs of Ramie Fabric Before and After Modification
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Picture no6: Char Length of Ramie Fabric After Being Flamed (a) Warp (b) Weft
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Results of Washing Evaluation: Based on the washing results of the ramie fabric in Picture no7, it can
be seen that the fabric became damaged after the washing process was repeated five times. Ramie fabric that has
undergone the washing process is burned manually without using a flame retardant vertical method testing
equipment due to limited test samples. It can be seen that after this washing evaluation the modified fabric can
still withstand the rate of fire because the ramie fabric does not burn completely. In addition, it can be seen that
the ramie fabric only forms short char length.

Results of Fourier Transform Infrared Spectroscopy (FTIR) Characterization: Picture no8 shows
the results of characterization of ramie fabric modified with nanobiosilica using APTES compared to blanko ramie
fabric using FTIR. It can be seen that in the modified ramie fabric there is a strong absorption band in the area
around 1095 — 474 cm™! which indicates the presence of several functional groups Si-O-Si in nanobiosilica. The
absorption band 1103 cm™! can be caused by the asymmetric mode of siloxane, 798 cm™' is caused by the symmetric
mode of silanol, and 479 cm™! is caused by bending of SiO,. The absorption band in the 3400 cm™' area shows the
presence of amine groups (NH>) in nanobiosilica treated with APTES. The absorption bands in the 3300 cm™! and
1600 cm™' areas can be caused by the presence of OH groups from silanol and bending vibrations from the
absorbed water molecules. The absorption band in the 1470 cm™! region shows CH bending of the propyl amino
silane groups attached to the APTES-treated nanobiosilica.
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Picture no7: Results of Washing Evaluation on Ramie Fabric After Modification

10% - 4 Layer
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20% - 8 Layer

Picture no8: Results of FTIR Characterization on Ramie Fabric Before and After Modification (a)Warp-4Layer,
(b)Weft-4Layer, (c)Warp-8Layer, (d)Weft-8Layer
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Picture no9 shows the results of FTIR characterization of ramie fabric which has optimum fire resistance
test results, which is at 20% NBS concentration for 8 layers both before and after washing compared to blanko
ramie fabric. Here, it can be seen that the ramie fabric that has passed through washing evaluation has a low
absorption intensity. This shows that the concentration of NBS applied to the fabric decreases after continuous
friction occurs during the washing process. However, here is still an absorption band in the area 1095 — 474 cm'!
which shows that there are still several Si-O-Si functional groups in the NBS.
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Picture no9: Results of FTIR Characterization on Ramie Fabric Before and After Washed
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Results of Scanning Electron Microscopy (SEM) Analysis: This analysis was carried out only on ramie
fabric that had optimum fire resistance test results, namely NBS with a concentration of 20% in 8 layers. Picture
nol0 shows the surface morphology of unmodified ramie fiber which has a smooth surface but a slightly rough
texture.

Picture noll shows the results of analysis of modified ramie fabric, it can be seen that the surface
morphology of the ramie fiber is covered with NBS particles that have coated the fabric. Here, the change in
surface morphology is very visible when compared to ramie fabric that has not been modified. The results of this
analysis show that the NBS particles applied to ramie fabric are not homogeneous.

Picture no12 shows the results of the analysis of ramie fabric which has been washed and evaluated. It
can be seen that the surface morphology of the ramie fiber is still covered with NBS particles coating it but it is
thinner than the surface of the modified ramie fabric. This condition shows that the NBS still adheres well to the
ramie fabric even though washing evaluation has been carried out. This is proven by the results of fire resistance
tests on washed ramie fabric.

Picture no10: Results of SEM Analysis on Ramie Fabric Before Modification
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Picture no12: Results of SEM Analysis on Ramie Fabric After Washed (a)Inside the surface of ramie fiber
(b)O the sface of ramie fiber
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Results of Thermo Gravimetry Analysis (TGA) Test: This test is carried out only on ramie fabric that
has optimum fire resistance test results, namely NBS with a concentration of 20% in 8 layers. The initial
temperature used for this test was set at 25°C and ended at 850°C with a rate of 10°C/min under nitrogen
conditions. Picture nol3 and Table nol show that there was a weight loss of 67.4% that occurred in blanko ramie
fabric starting at temperatures between 717.52 to 761.37°C. This weight loss can occur due to decomposition of
cellulose with a maximum decomposition rate at a temperature of 715.83°C. Apart from that, the main cause of
weight loss in ramie fabric is due to the evaporation of water and volatiles.

In the TGA test results for modified ramie fabric, it can be seen that one stage of decomposition started
to occur at a temperature of 551.55 to 559.71°C with a weight loss percentage of 56.55%. This weight loss can
occur due to decomposition of hemicellulose with a maximum decomposition rate at a temperature of 572.91°C.
The energy produced from TGA testing on modified ramie fabric is an exothermic reaction with a value of -23.4
J.

In the TGA test results for washed ramie fabric, it can be seen that one stage of decomposition started to
occur at a temperature of 522.76 to 534.17°C with a weight loss percentage of 65.49%. This weight loss can occur
due to decomposition of hemicellulose with a maximum decomposition rate at a temperature of 558.06°C. The
energy produced from the TGA test on washed ramie fabric is in the form of an exothermic reaction with a value
of -25.26 J.

Table nol: Onset, Offset, Peak, and Weight Loss Data

20% -8 Layer

20% -8 Layer

Blangko (BW) (AW)

Peak (°C) 715,83 572,91 558,06
Onset (°C) 717,52 551,55 522,76
Offset ("C) 761,37 569,71 534,17
Heat (J) 32,45 -23.4 -25,26
Weight (%) 67,4 56,55 65,49

*Notes: Tonset = First decomposition temperature (hemicellulose decomposition)
Tpeak = Maximum decomposition rate
Toffset = First decomposition from last process (ligini decomposition)

Picture nol13: TGA Test Curves on Ramie Fabric Before and After Washed
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IV.  Discussion

When NBS solutions with different concentrations and number of layers were applied to ramie fabric, it
was seen that the resulting layers were visually uneven. This can happen because the NBS solution with a
concentration of 20% has a high viscosity to the point that is very thick like a paste, making it difficult to soak
and spread the NBS onto the fabric in the solution.

According to four variations applied to ramie fabric, all of the modified fabrics have varying unevenness
in the coating. This becomes less accurate if it is caused by the large number of layers applied to the fabric. There
are several factors that influence the unevenness of the coating on the modified ramie fabric, one of which is that
the viscosity of the solution is too thick, resulting in the coating on the fabric becoming uneven and looking
cracked like very dry soil. The resulting layer that looks cracked can be caused by high drying temperatures and
long drying times. Therefore, a proper drying process must be carried out on NBS-modified ramie fabrics. Silica
dries very easily because silica has large porosity, which means it can absorb water and humidity around it. By
these facts, silica products are usually used as a dryer. If the drying process on NBS-modified ramie fabric is too
long, the NBS solution applied to the fabric can become powder granules again.

The weight of ramie fabric during weighing also increases or decreases for each layer. Researchers
assume that this can happen because APTES evaporates with ethanol during the drying process, so that the
adhesion between NBS and APTES is reduced. Increasing the number of layers applied to the fabric can affect
the test results for air permeability and stiffness of the fabric.

In a sample of ramie fabric modified using NBS with a concentration of 20% with 8 layers, the fire was
immediately extinguished as soon as the fire source was removed from the fabric. This means that ramie fabric
with a 20% NBS concentration of 8 layers has excellent fire resistance performance because it is able to withstand
flames and not continue the burning. This condition shows that the higher the concentration of NBS used and the
greater the number of layers on the modified fabric, the better its fire resistance performance. This can happen
because the high concentration of NBS used can increase the thermal insulation properties and the large number
of layers of NBS that coat the ramie fabric means that the barrier properties to protect the substrate underneath
are better because the distance from the surface being coated is farther. Therefore, the higher the concentration
and the greater the number of layers applied using the layer by layer method, the better the performance obtained.

Researchers assume that the reaction occurring between the NBS and the ramie fabric ( ramie fabric can
withstand flames ) is a physical reaction because the NBS coats the outer surface of the ramie fabric which
functions as a thermal protective barrier. If a chemical reaction really occurs between the ramie-APTES-NBS
fabric, then it will still produce good fire resistance performance even after the washing evaluation process is
carried out on the modified ramie fabric.

In the fire resistance test, the entire fabric of unmodified ramie burned completely, but in ramie fabric
that has been modified using NBS, little or no char was produced. This proves that NBS can prevent heat transfer
in areas affected by combustion as previously reported!'®!. In addition, NBS can inhibit volatiles from evaporating
into the atmosphere so that they do not continue burning as previously reported?®].

Based on the results of the washing evaluation, the appearance of the ramie fabric was damaged due to
repeated washing for five times. This is because ramie fabric has fine and slippery fibers so it easily breaks down
when exposed to continuous friction. It is best to sew the edges of the ramie fabric before washing the ramie fabric
so that it does not unravel. After trying to burn it manually, the modified ramie fabric that had been washed was
still able to withstand the flame and even only formed a short length of char. This can be interpreted that the NBS
applied to the ramie fabric is still bonded well because of the help of APTES as a coupling agent. Researchers
assume that the curing process for APTES is very important so that APTES can bond the ramie fabric and NBS
properly because it can affect the washing evaluation process. In this research, a good chemical reaction occurred
between ramie-APTES-NBS fabric because ramie fabric that had been washed still produced good fire resistance
performance.

Based on the FTIR characterization results, it can be seen that the higher the NBS concentration used,
the stronger the absorption intensity. In fact, the absorption intensity is also influenced by the number of layers
applied to the ramie fabric. However, ramie fabric modified with 10% NBS concentration in 4 layers, did not have
absorption bands in the 3300 cm™ and 1600 cm™! areas. This shows that there are no OH groups from silanol and
bending vibrations from water molecules absorbed by NBS. This condition is in accordance with the results of the
fire resistance test, where the weft ramie fabric modified with a 10% NBS concentration of 4 layers burned
completely. On the other hand, ramie fabric in the weft direction of 8 layers with the same concentration, where
the fabric has an absorption intensity in the 3300 cm™ and 1600 cm™' areas, the fabric is stronger than ramie fabric
modified with an NBS concentration of 20%. This is also in accordance with the fire resistance test conditions,
where weft ramie fabric modified with 10% NBS concentration in 8 layers has a shorter char length compared to
20% NBS concentration. After washing evaluation, the wave absorption intensity becomes low. This shows that
the concentration of NBS applied to the fabric decreases after continuous friction occurs during the washing
process.
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Based on the results of SEM image analysis, the difference between the fiber surface morphology before
and after modification is clearly visible. The morphology of the modified fiber shows that the entire surface is
coated with inhomogeneous NBS particles. This can be caused by the viscosity of the solution being too thick and
also the coating on the fabric being uneven, resulting in lumps and flakes on the surface of the ramie fabric fibers.
After washing evaluation, it was seen that the surface morphology of the fiber was still coated with NBS particles
even though they were thinner. This shows that the coupling agent used has succeeded in bonding the ramie fabric
and NBS very well as proven by the results of the fire resistance test after repeated washing.

Based on the TGA test results, it can be seen that at a temperature of 522.76°C, ramie fabric has
experienced decomposition. The initial temperature of decomposition (Tonset) in ramie fabric that has been
evaluated for washing decreased earlier compared to modified ramie fabric. This shows that NBS applied to ramie
fabric can influence the decomposition temperature. This means that the greater the amount of NBS applied to the
fabric, the initial decomposition temperature (Tonse) Will increase. Likewise, looking at the maximum
decomposition rtate (Tpeak), the temperature of ramie fabric after washing process is 558.06°C while the
temperature of ramie fabric before washing process reaches 572.91°C. The greater the amount of NBS applied to
the fabric, the maximum decomposition rate (Tpeak) Will also increase. However, in Table nol it can be seen that
the initial decomposition temperature (Tonser) 0f blanko ramie fabric is 717.52°C. This temperature appears to be
greater than the initial decomposition temperature (Tonset) Of washed ramie fabric or even modified ramie fabric.

In this TGA curve, weight loss in blanko ramie fabric occurs when it is less than 45 mg with a weight
loss percentage of 67.4%, while modified ramie fabric and washed ramie fabric have a weight loss percentage of
56.55% and 65.49% respectively. The weight loss percentage value shows that blanko ramie fabric experienced
more weight loss compared to modified ramie fabric and washed ramie fabric. This is because the blanko ramie
fabric is not applied by NBS which is able to work as a barrier layer to protect the ramie fabric from exposure to
fire. In the energy column (J), the blanko ramie fabric experienced endothermic reaction (heat absorption), while
the modified ramie fabric and the washed ramie fabric experienced exothermic reaction (heat release). By the test
result, it is assumed that the ramie fabric crystallizes due to the application of NBS. Therefore, it can be concluded
that NBS can improve the thermal stability of ramie fabric by releasing heat due to its properties as a protective
barrier and thermal insulation. This shows that colloidal silica is able to reduce burning and has been successfully
applied using the LBL method, where the aggregation of particles on the surface of the fabric can form an
insulating layer which will limit heat transferl.

V.  Conclusion

It can be reported that nanobiosilica from rice husk waste is able to provide good fire resistance to
cellulose fiber, especially ramie fiber with optimum coating. The optimum coating itself can be reached in varying
concentrations of 20% nanobiosilica solution in 8 layers which can withstand the rate of fire very well, proven by
the fire rate of 0 cm/s for the warp direction and 0.04 cm/s for the weft direction and the char length is only 1 cm
or even no char at all.

An effective way to apply nanobiosilica to ramie fabric to produce optimal fire resistance is by using the
layer-by-layer method, a high concentration of nanobiosilica, the process of making a nanobiosilica solution using
ultrasonication, as well as several process parameters such as setting the temperature for stirring the nanobiosilica
solution, ultrasonication process time, drying temperature, and heating temperature of the coupling agent.

Factors that can influence the results of flame retardant enhancement using nanobiosilica on ramie fabric
in this research are the concentration of the solution and the number of layers applied to the fabric. These two
factors can provide good fire resistance performance in ramie fabric.
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