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Abstract

Structural and chemical characteristics of easily
made graphite foam synthesized from the Arbutus
Unedo fruit with rapid thermal process and have been
studied using XRD, scanning electron microscopy
and Raman micro spectroscopy. Chemically, the
carbon atoms in these materials are found to have
identical bonding states akin to those with pure
graphite single crystals [1].

Herein a rapid thermal annealing (RTA) strategy is
proposed to mass produce a mesoporous carbon
structures (600 °C). Microstructural studies indicate
that they have a similar cellular morphology, with the
cell walls comprising carbon layers. The walls can be
smooth or stepped depending upon the orientation of
carbon layers with respect to the cells. The ligaments
between the neighboring cells and the junctions of
ligaments (corners of three or more cells) distinctly
show layers of carbon planes, irregular flakes, and
beam-like protruding structures made up of folded
layers of graphite [2].

Keywords: porous carbon foam, carbon structure,
acid dehydration, XRD, Raman spectroscopy, rapid
thermal annealing.

1. Introduction

Biomass or bio waste derived from agricultural plants
or forest residues, and marine, industrial or home
wastes, are economical, renewable, and widely
current all over the world. In latest decades, they are
increasingly used as sources to enhance functional
carbon materials. In addition, many natural biomass
materials include heteroatoms like N, which can be
in part retained in the resulting carbon, supporting to
improve the electrical conductivity or catalytic activity.
[1, 33]

Carbonaceous materials have been confirmed to
be produced from a large range of biomass materials
which include lignin,[34] corncob [35], ginkgo
leaves,[36] cornstalk, [37] bacterial cellulose, banana
peel, [38] peanut shells,[39] willow catkins, [40] [41]
pinecone hull, bamboo chopsticks, [42] Camellia
japonica, [43] pine core shells, [44] and so forth.
As most biomass sources are insoluble, they are
commonly hard to be assembled in the templating

routes; however, there still exist some examples
realizing the conversion of the insoluble biomass
into porous carbon substances through soft or hard-
templating methods [45]. In addition, some biomass
composed of hemicellulose, cellulose, sugar or
lignin can be partly transformed into soluble organic
compounds, which are then prepared to be used in
templating routes. For instance, [46, 35, 47].

The soluble hemicelluloses hydrolysis products
of spruce or corncob have been utilized together
with silica nanoparticles to prepare hollow carbon
spheres. [48] Also, sugar containing juices have
been extracted from biomass materials like sugar
cane, potato, watermelon and grape, which should
be transformed into stable carbon sphere, hole
carbon sphere, hole carbon bowl or hole multihole
carbon bowl through using hydrothermal treatment
and soft- templating method. [49]. Due to its elevate
thermal conductivity, low density, and large specific
surface area, carbon structure is identified as a
suitable material for thermal administration [50, 51]. It
is chiefly focused on electronic energy warmth sinks
[52]. Many works have been carried out to better
apprehend carbon shape heat transfer phenomena.

Till today, for an industrial solution, heat exchangers
based totally on aluminum and copper are the most
frequent thermal materials. Thus, countless issues
restrict the development of carbon structure warmth
exchangers, stopping them from being without
problems on hand in the market.

2. Materials and Methods

Arbutus Unedo Strawberry from Ain Fezza, Tlemcen,
Algeria. Concentrated sulfuric acid (96%, Sigma
Aldrich). D.l. water from URMER facilities. SEM
JEOL JSM 6360.

LabRAM HR Evolution system (Horiba Jobin-Yvon) at
CDTA (The Center for the Development of Advanced
Technologies, Algiers.

2.1. Sucrose Extraction from (Arbutus Unedo L.)
Strawberry

Strawberry fruits (Arbutus Unedo L.) were harvested
near Ain Fezza in Tlemcen, Algeria in November
2017. Approximately 6 kg of fruits of uniform ripeness
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Scheme 1. The flow chart for the experiment (extraction, reaction, and characterization).

(red color) were used for the experiment.

According to [8], sucrose, glucose, sucrose, and
maltose were the soluble sugars identified and
quantified in the amount of 27.8, 21.5, 1.8, and 1.11%
dry weight, respectively.

The (Arbutus Unedo L.) strawberry was cut into
pieces with a volume of about 1 cm3. The pieces
were washed with acetone and immersed in DI
water for 30 minutes. After rinsing several times, the
samples (about 3 g) were crushed in a mortar until no
obvious chunks were visible.

Then, we macerated the plant material to make
pulp, finely mincing it with a knife, and grating and
processing in a blender.

We poured the pulp into a glass container. Then we

added an equal amount of DI water to the container.
We stirred the pulp and water for 30 minutes.

We lined a different glass container with a paper filter
and placed the mixture in the filter. Then we filtered
the juice into the second container. We scraped the
pulp from the filter and mixed it with more warm DI
water, as we did previously. Then we filtered the
resulting juice in the same manner using a new paper
filter. We repeated the process of extracting the juice
from the pulp at least three more times.

We put the juice in a pot on a stove and turned the
stove burner on low-medium heat, bringing the juice
to a simmer. We then heated the juice for several
minutes until its water portion cooked off and syrup
developed.

Cy3H45044 (sugar) + H,50, (sulfuric acid) = 12 C(carbon) 411 H,0 (water) + mixture water and acid.

Figure 2. Chemical reaction between sucrose and sulfuric acid.

Sucrose is a carbohydrate, so when we remove the
water from the molecule, we will basically leave with
elemental carbon. The dehydration reaction is a type
of elimination reaction.

Although the sugar is dehydrated, the water isn’t ‘lost’
in the reaction. Some of it remains as a liquid in the
acid. Since the reaction is exothermic, much of the
water is boiled off as steam.

A typical reaction is as follows: 5 ml of concentrated
sulfuric acid was added to a 20 ml glass scintillation
vial containing 1 g of sucrose. The mixture was stirred
briefly, then placed on a 200°C hotplate and stirred
vigorously. During this period, the colorless mixture
first turned yellow, then a deep red-brown, and finally
brown and black, coating the walls of the flask with an
opaque film, a transformation that took roughly two
minutes. The product was an opaque black porous
material [9]. As final step, long thermal annealing
is not recommended here because the carbons of
the graphene fakes can rapidly decompose in air
at high temperatures. After rapid thermal annealing
(600 °C during 10 min), the resulting material was
removed from the furnace and cooled down to room
temperature naturally. After thermal annealing, the
product was an opaque black porous material, and
dehydrated. It has collected and stored as a powder.

2.2 Characterization Methods

The surface morphologies of the samples were
examined by scanning electron microscopy (SEM
jeol JSM 6360).

3. Results and discussion
3.1 Microstructural Features Observed in the

Figure 3. SEM pictures with different zoom (500um, 100um and
50pm) of the cellular structure of the graphite foam obtained.
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Raman spectra were obtained on an HR Evolution
(HORIBA JOBIN YVON) with 532 nm laser. XRD
characterization was obtained on Figure 3 shows the
microstructure of graphitized foam taken with SEM.
Some observations can be made directly from this
image. It is clear that these foams are not reticulated
networks of linear rods as seen in typical glassy
carbon foams [10]. They are similar to the structures
reported by Klett et al. At Oak Ridge, they exhibited a
cellular morphology in which the cell walls were made
up of layers of carbon material. Cell diameters vary,
mostly in the vicinity between 60 to 100 mm. The cell
structure of these graphitized samples is significantly
less smooth and less uniform than that of foam that
has been carbonized but not graphitized.

The cell walls have an open, interconnected pore
structure. Pores in the graphitized sample appear
to be larger and the majority of the pore openings
have irregular ruptured edges and sharp corners,
indicating brittle fracture during formation. Figure 3
shows a close-up view of such pores (figures 3a,

3.b and 3.c). The morphology of these openings,
especially the sharpness of the cracks, is expected
to be important for the failure mechanisms of these
structures [11]. It may be worth investigating how the
shape and crack sizes of pore openings depend upon
various parameters such as variation of temperature
and sulfuric acid concentration with time.
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3.2 Microstructural Features Analyzed by Raman
Micro Spectroscopy

The heat transfer in solids is mainly governed by
the properties of photon propagation. Therefore, the
use of Raman spectroscopy should be great for the
characterization of the carbon foams. The unique
Raman spectra of graphite normally consist of mainly
three strong features [12].

Raman spectroscopy was used to evaluate the
chemical functionalization of the carbon foam (Figure
5).

Figure 4. Optical image of the carbon foam showing an overall
view of the porous structure of the foam. The squares show the
areas of the carbon foam where the Raman spectra were obtained.
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Figure 5. Raman spectrum of dark area in optical image with the signature of amorphous carbon residue. According the
Raman database, the carbon structure obtained looks like strass carbon.

The Raman spectrum (Fig. 5.) of the structure
showed a broad background with a weak broad peak
at 1000 cm-1 and a shoulder at 1500 cm-1. The
peak at 1500 cm-1 indicated the presence of sp2
polyaromatic carbon networks, whereas the origin of
the peak at 1500 cm—1 is hypothesized to be trans-
polyacetylene like chains at grain boundaries.

This peak also appears in the Raman spectra of
nanodiamonds with significant disorder [13]. The
Raman spectrum strongly resembles that of other
disordered pyrolytic carbons [14, 15] and differs
substantially from multilayer graphene, which shows
a much more ordered structure [16].

We noted in the introduction that the acid-mediated
dehydration of sugar has a long history, both as

a classroom demonstration and as an object of
intensive scientific study. The reaction mechanism
is complex, but we speculated that it begins with
elimination and rearrangement reactions through
a hydroxymethylfurfural pathway [17]. The sulfuric
acid removes H20 units from the sugar, resulting in
extensively sp2 bonded molecular precursors such
as hydroxymethylfurfural. These precursors then
most likely dehydratively polymerize and coalesce
into larger polyaromatic species.

This sequence of events is reflected in our
observations, in particular, the Raman spectrum of
the unannealed films. For shorter dehydration times,
the Raman spectra are essentially featureless with a
broad high background. For longer dehydration times,




the Raman spectra are essentially featureless with a
broad high background. For longer dehydration times,
the peak begins to develop along with a shoulder at
1500 cm—1 that is attributed to the development of
conjugated polyacetylene chains.

In this model, small (~50 nm) domains of carbon
carbon are randomly oriented and are weakly
linked by non-carbon carbon chains. Indeed, while
graphitizing, carbons tend to be quite soft; our carbons
were hard and brittle, which can be easily seen when
scraping the film with a set of forceps. This brittleness
is attributable to the strong cross- linking and random
orientations of nanocrystalline graphite.

4. Conclusions

We have presented a structural study of carbon
carbon structure rapidly with thermal process and
based on a simple acid dehydration of sucrose.
The precursor was extracted from a common fruit in
Tlemcen: Arbutus Unedo L. In addition, their chemical
material (carbon structure) can be tuned by choosing
different starting carbohydrates (fructose, glucose).
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