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Abstract. The reactions of storage and release of hydrogen as a fuel of the fuel cell with
sodium metaborate (NaBO3) / Sodium borohydride (NaBHs) media at various pressures and
temperatures have been carried out. Hydrogen production is produced from hydrolysis of
NaBH; and hydrogen storage is carried out with NaBO» media which is a by-product of the
hydrolysis process of NaBHs. The process of hydrogen production by hydrolysis of NaBH4
takes place exotherm so that the highest speed occurs at low temperatures. Furthermore, the
resulting NaBO» is used as a hydrogen storage material at varying pressures and temperatures.
The largest hydrogen storage capacity at 3 bar and 40°C is 35.23% by weight and increases
after several repetitions of release and storage. An easy hydrogen storage and release system
for fuel cells is needed to anticipate the use of fuel cells as an environmentally friendly energy
source for housing and vehicles.

Keywords: Hydrolysis reaction; sodium borohydride; storage of hydrogen:

sodium metaborate.

1. Introduction

Hydrogen is an alternative energy carrier that has several advantages, including the energy density to
mass is very large, can produce clean energy and can be synthesized from various chemical
compounds that contain hydrogen. One of the important uses of hydrogen is as a fuel for fuel cell.
Fuel cells are electrochemical equipment that can convert fuel (hydrogen or alcohol) and oxygen into
electrical energy and water as a waste [1]. Fuel cell is an equipment that produces adequate energy
and environmentally friendly with a wide application, ranging from portable equipments, utilities and
vehicles [2]. One of the problems in fuel cells development are hydrogen production and storage. For
this reason, efforts to obtain hydrogen production and storage methods are important topics in fuel cell
research.

One compound that contains lots of hydrogen is NaBH.. In early 2000’s, sodium borohydride was
the most promising compound as a hydrogen fuel source for Proton Exchane Membrane Fuel Cell
(PEMFC) and Direct Borohydride Fuel Cell (DBFC). This is because the hydrogen storage capacity is
quite high. However, the use of this compound has problems because the hydrolysis of NaBH, takes
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place spontaneously so that it is difficult to hold and release hydrogen gas as desired [3].

The use of NaBHas as a hydrogen-producing compound is considered to have several advantages
including the chemical reaction that occurs is a combination of hydrogen release and storage reactions
as can be seen in equations (1) and (2).

NaBH, +2H,0 —NaBO, +4H, +217kJ (1)
NaBO, +4H, — NaBH, +2H,0 )

The reaction (1) above is the hydrogen gas release reaction from NaBH. which is also followed by
the formation of the NaBO, compound, and the reaction (2) is a reaction for hydrogen storage /
absorption. This reaction actually takes place irreversibly.

Sodium borohydride is an alkaline hydride that meets the DOE 2015 energy @nsity target for
hydrogen storage materials [4]. NaBHs is known as a source of hydrogen because of its high hydrogen
storage capacity (more than 10.8% by weight) depending on the hydration coefficient [4].

The hydrolysis reaction of NaBH, is a reaction of hydrogen gas production, where the reaction
takes place exotherm. Furthermore, sodium metaborate that produced from the hydrolysis process can
be used as hydrogen storage [4]. Thus, the two reaction can be used as hydrogen production and
storage. Formation of NaBQO, can be controlled by physical reactions, namely by regulating
temperature and pressure. Based on previous research [3], the rate of hydrogen production is higher at
low temperatures. In addition, the maximum storage/absorption pressure of hydrogen at 2 bars [5].
This research is needed to determine the characteristics of hydrogen gas release and storage test using
NaBH. /NaBO- media.

2, Method

2.1.  The Production of Hydrogen Through Hydrolysis of NaBH, dan the Characterization

A certain amount of NaBH. is put into the prepared reactor. DI water is added little by little to the
reactor and the solution is shaken vigorously. Hydrogen gas will flow immediately and the volume of
hydrogen produced is measured in volume. Production tests were carried out at various temperatures
(0°C, 15°C, 25°C, 35°C, and 40°C) and the volume/time was measured. NaBH. compounds and the
results of hydrolysis reactions (NaBO,) were characterized using XRD and FT-IR.

2.2.  Storage of Hydrogen Gas at Various Pressure and Temperature

The test of hydrogen storage/absorption by NaBO: is carried out by entering a certain amount of
NaBO» powder into a stainless steel vial that is known for it’s mass, then propagated. Vials containing
NaBQO» are weighed, then hydrogen gas is flowed into a vial with 1 bar at a various temperature (25°C,
30°C, 40°C) for 30 minutes. After the hydrogen flowing process, the remaining gas is removed and the
vial is weighed again. The procedure is also carried out for 2, and 3 bar pressure variations and at
temperatures of 25°C, 30°C, 40°C. The powder products were analyzed by FT-IR. The structure of
compounds and functional groups can be seen by FT-IR test.

2.3.  The Effectiveness of Capacity of Storage Hydrogen

The amount of hydrogen absorbed is used to calculate the capacity and effectiveness of hydrogen
absorption. Hydrogen storage and release is tested 4 times to determine the effectiveness of sodium
metaborate in hydrogen storage.

(5]
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3. Discussion
3.1.  Characterization of Sodium borohydride and Sodium Borohydride Hydrolysis Product

3.1.1. X-Ray Diffraction (XRD) Characterization

Identification using XRD is useful to determine the crystallinity of sodium borohydride compounds.
The XRD characterization results from NaBHs and NaBO» compounds as a result of hydrolysis from
NaBH, are presented in Figures 1 and 2.
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Figure 1. XRD diffractogram from NaBHa

XRD characterization results from Figure 1 shows the diffraction pattern of NaBH at position 26
=29.118°and 20 = 41.621°. This data corresponds to the results of previous studies where the peak of
NaBH. were seen at 20 = 29° [6]; 28.9° and 41.360° [7] and 30° [8]. Characterization data that
corresponds to the characterization data in previous studies indicate that the compound used contains
sodium borohydride. The high intensity and sharp diffraction pattern is the crystallinity of sodium
borohydride, while the diffraction pattern which tends to be short or wide is caused by amorphicity of
sodium borohydride.
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Figure 2. XRD diftractogram from NaBO,

XRD characterization results from Figure 2 shows the diffraction pattern at 20 = 28,769°, 3247 °,
33,96° dan 40 .44° in hydrolysis product of NaBH,. This data corresponds to the results of previous
studies which showed the presence of sodium metaborate peak (NaBQO») as a result of hydrolysis of

NaBH, at 20 = 24°,32° 40° [7] dan 20 = 28° [8].

3.1.2. FTIR Characterization
Identification and characterization using FT-IR is useful to determine the functional groups contained

in sodium borohydride and sodium metaborate. FTIR characterization results of sodium borohydride

and sodium metaborate are presented in Figures 3 and 4.
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Figure 3. FT-IR spectra of NaBH4
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From figure 3 it can be seen that at wave numbers of 1,103.59 cm™' and 2.270.09 cm! indicate the
presence of group B-H. This data corresponds to the results of previous studies where the vibration
bonding B-H group at a wavelength of 1,110 cm™ and stretching vibration B-H at a wave number of
2010 cm™ to 2,516 cm™! [6]; B-H groups are reported also in wave numbers of 2,200 cm™!, 2 400 cm!
dan 1,125 ecm™ [7].
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Figure 4. FTIR spectra of NaBO»

Figure 4 shows the peak at wave numbers of 70043 cm ; 719.92 cm™ ; 955.13 cm™! ; 1,224.32
em dan 1,423.32 cm™ which shows the presence of B-O groups. This data corresponds to the results
of previous studies where B-O groups are present at wave numbers of 100 cm'— 600 cm™'[7], and
1000 cm™ - 1,500 cm™ [8]. At the above spectrum there are also a B-O-H group which indicates the
presence of sodium metaborate hydrated, so that to remove the hydrate it is heated at 120°C with the
aim of evaporating the water contained in the product reaction.

3.2, The Production and Storage of Hydrogen

3.2.1. The Prodution of Hvdrogen Gas from the Hvdrolisis of NaBH 4
Hydrogen gas production from hydrolysis of NaBHs in this study was carried out at various
temperatures and time. Hydrogen production data as a function of time and temperature are shown in

Figure 5.
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Figure 5. The volume of Hydrogen Gas production at various temperature
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Based on Figure 5 above it can be seen that at 0°C 61 mL of hydrogen gas is produced with a
relatively faster time compared to 25°C with a volume of 63 mL of hydrogen gas. Hydrogen
production at low temperatures are more and faster. This is because the hydrolysis reaction is
exothermic, so the hydrogen release process will take place more quickly at low temperatures. This
can be seen also from previous research [3] which shows that the effect of reaction temperature on
hydrogen production rates is more pronounced at the initial temperature.

3.2.2. Hydrogen Storage by Using NaBO:
The most important feature of hydrogen is it’s ability to be stored. There are many methods used for
hydrogen storage, such as in the form of compressed gases. in liquid or physical storage in nano
carbon tubes and in the form of metal hydrides. Among storage methods, effective storage methods
are metal hydride storage due to high storage capacity and operating conditions in environmental
conditions. The amount of gas that can be stored in a hydrogen storage system is determined by the
nature of the adsorbent material and the operating conditions of the storage system namely pressure
and temperature.

In this study, NaBO> which is a by-product of NaBH, hydrolysis is used as a material for storing
hydrogen. The hydrogen storage capacity of NaBO» at varying pressures and temperatures is shown in
Table 1.

Table 1. Hydrogen capacity stored in variations pressure and temperature

No

Pressure Temperature Capacity of Hydrogen
(bar) (Dc) storage (% w/w)

1 1 25 13

2 1 30 125
3 2 30 31

4 3 40 35,23
5 3 30 13,89
6 3 25 27.15
7 2 25 16

8 1 40 12.67
9 2 40 29,38

Based on table 1 above it can be seen the hydrogen storage capacity of the NaBO, material at
variuos pressure and tempeature. The most absorbed hydrogen using sodium metaborate is at 3 bar
and 40°C as much as 35.23% by weight. Previous studies have shown that hydrogen storage capacity
in sodium metaborate is 10.8 wt% [9].

The relationship between pressure and temperature on hydrogen storage capacity using the design
of experiment (DOE) application is presented in Figure 6.
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Based on Figure 6 it can be seen that temperature and pressure have an influence on hydrogen
absorption capacity, but the pressure has a greater influence than temperature. Hydrogen absorption
capacity is quite significant in the range of 30°C to 40°C. At a pressure of 1 bar to 2 bars, a very
significant increase in hydrogen absorption occurs, while at a pressure of 2 bar to 3 bar the increase in
percent of absorbed hydrogen produced is not too significant.

3.2.3. Hydrogen Storage Effectiveness from NaBO:

Hydrogen storage effectiveness in NaBO- express how much hydrogen can be stored on storage media
using sodium metaborate. Figure 7 present the hydrogen storage capacity for 4 repetitions. After the
experiment, it turned out that sodium metaborate used could be reused as a production and storage of
hydrogen 4 times. One of the effects of repetition of the reaction is the reduced mass of NaBQO, but the
increasing storage capacity.
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Figure 7. The storage capacity of hydrogen gas in various mass of NaBO,

Based on Figure 7 above can be seen the effect of repetition of storage and release of hydrogen
from sodium metaborate. The increase in hydrogen storage capacity can be caused by the sodium
metaborate that is used still contains a lot of water so that when the absorption process of hydrogen is
blocked by water molecules. In addition, an increase in hydrogen storage capacity can also be caused
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because when hydrogen production is first produced. not all sodium borohydride is completely
hydrolyzed. Repetition of the use of sodium metaborate as hydrogen storage will increase the
effectiveness of hydrogen storage.

Sodium borohydride (NaBHs) which results from absorption of hydrogen by sodium metaborate
(hydrogenation of NaBO,) was analyzed using FTIR as shown in figure 8.
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Figure 8. FT-IR spectra of NaBO- hydrogenation

In Figure 8, from the FT-IR spectra can be seen that at wave numbers 1,103.59 cm™! and 2,270.09
indicate the presence of B-H group from NaBHa.

4. Conclussion

Hydrogen gas can be produced from the NaBH. hydrolysis reaction which takes place exothermic.
Besides hydrogen gas, the product of NaBH4 hydrolysis also produces sodium metaborate (NaBO-)
which can function as a hydrogen storage. Pressure and temperature have a large influence on
hydrogen storage capacity, but pressure has a greater influence on hydrogen storage than temperature.
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