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Abstract

Activated carbon fiber was prepared from pineapple fiber by carbonization followed with chemical activation using H;PO,. The activation
was performed using a 1:1 w/v ratio of starting materials and H;PO,. Activated carbon fiber was also directly prepared by soaking
pineapple fiber in H;PO,. The surface morphology and textural characteristics of activated carbon fibers vary with the activation
temperature. The carbonized and activated products were characterized by SEM-EDS, FTIR, XRD and BET methods. The results for the
activated products showed that the surface area, average pore size and percent micropore were increased as the activation temperature
was increased from 400-600°C. The surface area of activated carbon fibers from pineapple fiber was 440.9211-636.3495 m? g~'.
Furthermore micropores (73.40-83.92%) are present in these activated products. It was shown that the activated carbon fibers
prepared using pre-carbonization and phosphoric acid activation had higher BET surface area than materials prepared without
nonpre-carbonization at the same activation temperature. However, the process without pre-carbonization uses less energy than other
processes. The P-containing and O-containing surface functional groups were found on materials prepared using phosphoric acid
activation, pineapple leaf fiber base activated carbon fiber by without pre-carbonization and pre-carbonization. Based on the results of
this study it can be concluded that pineapple fiber is a suitable material for the preparation of adsorption filters.
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INTRODUCTION

Plant fibers are composed from cellulose, hemicelluloses
and lignin. They also contain other minor components such as
pectin, waxes and water-soluble substances, which are
hydrophilic (Gurunathan et a/, 2015). Thermochemical
reactions viz, combustion and pyrolysis are important
processes in the conversion of biomass from agricultural
wastes into functional materials such as activated carbon
fibers. Acid treatment during combustion and pyrolysis leaves
amajorimpact, which affects the quality and properties of the
resulting activated carbonfibers such as pore size, surface area
and surface functional groups (Lee et al, 2014). Activated
carbon fibers have a wide range of applications, including air
purification, dehumidification and water purification as they
possess large specific surface area, high adsorption capacity
and rate and specific surface reactivity (Sim et a/, 2014).
Activated carbon fibers have also been used as active
electrode material in supercapacitors (Diez et al/, 2014).
Phosphoric acid has been used as activation agent for
activated carbon preparation. It functions both as an acid
catalyst to promote bond cleavage reactions and formation of
crosslinks and to combine with organic species to form
phosphate and polyphosphate bridges that connect and
crosslink polymer fragments (Chen et a/, 2008). The pineapple
leaf is also composed of holocellulose, alpha-cellulose and
lignin (Van Tran, 2006). It has been used for fiber preparation
(Yusof et af, 2015), plastic reinforcement (Kengkhetkit and
Amornsakchai, 2014) and paper production (Laftah and
Rahaman, 2015). Pineapple is grown in many countries
worldwide, such as Brazil, Philippines, Costa Rica, Malaysia,
Indonesia, Hawaii and Thailand on a land totaling about
2.1 million acres. After harvesting, alarge amount of pineapple
leaf waste, approximately 20,000-25,000 kg acre™!, remains
causing various problems for farmers (Kengkhetkit and
Amornsakchai, 2014).

The aim of this study is to create microporous structure
and surface chemical properties of pineapple leaf fiber based
activated carbon fiber. The pyrolysis of pineapple leaf fiber
in the presence of H;PO, by 1 step (activation without
pre-carbonization) and 2 steps (pre-carbonization followed
with activation) were carried out. The effect of activation
temperature (400-600°C) on the surface chemistry and porous
texture of the resulting activated carbon fibers were
investigated.

MATERIALS AND METHODS

Pineappleleaffiberpreparation: Pineapple Leaf Fiber (PALF)
was collected from mechanical milling process. The fresh
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pineapple leaves, which contain approximately 80% water
were chopped into pieces of 5-8 mm long. These were then
wet-milled with a ball-mill or a disc mill. Milled material was
cleaned with tap water to obtain PALF (Kengkhetkit and
Amornsakchai, 2012). After that, PALF was oven (SL 1375 SHEL
LAB 1350 FX) dried at 105°C for 6 h and then kept in a plastic
bag.

Activated carbon fiber preparation

Non pre-carbonizationactivation method: Samples of PALFs
were accurately weighed by analytical balance (Satorious
Basci) and impregnated with 85% phosphoric acid (AR grade,
Lab scan) in 1:1 w/v impregnation ratio. The impregnated
mixtures were oven dried at 105°C for 1 day. The dried
impregnated mixtures were then placed in a closed crucible
(size 105/73, 102/70) and activated at 400, 500 and 600°C in
an electric furnace (Fisher Scientific Isotemp® Muffle Furnace)
under partial oxygen of atmosphere. The temperature was
increased with a rate of 10°C min™" up to the desired
temperature and kept constant for 1 h. Finally, the activated
carbon fibers were cooled to room temperature. The activated
carbon fibers were washed with 0.2 MHCI (AR grade, Lab scan)
and hot distilled water until pH ~7. After that the washed
products were oven dried at 105°Cfor 1 day and then, keptin
the desiccator with label PALFNPAC.

Pre-carbonization activation method: The activation
with pre-carbonization or 2 step processing includes
a first carbonization step followed by a second activation
step.

« Carbonizationstep: The dried PALFs were carbonized at
500°Cwith temperature increased ata rate of 10°Cmin~!
and kept constant for 1 h. The carbon fibers obtained
form PALF (PALFC) were used for activation in second
step

»  Activationstep: The PALFCs were impregnated with 85%
phosphoricacid using a 1:1 weight/volume impregnation
ratio to achieve their activation. The impregnated
mixtures were oven dried at 105°C for 1 day. The dried
impregnated mixtures were activated as well as the
samples prepared without pre-carbonization. The
product of this step is labeled as PALFPAC. All PALFPACs
were washed with 0.2 M HCl and then oven dried at
105°C for 3 h and kept in the desiccator

Analysis and characterization: The thermal behavior of the
PALF was investigated as function of pyrolysis temperature in
an O, combustion atmosphere with differential scanning
calorimetry (DSC-1, Mettler) between room temperature and



Asian J. 5ci. Res,, 9 (1): 24-33, 2076

800°C. The PALF was analyzed for proximate composition,
including moisture (ASTM., 1996a), ash (ASTM., 1996b), volatile
mater (ASTM., 1996¢) and fixed carbon (ASTM., 1994). The
lignin, cellulose and hemicellulose were determined following
a report of Inari et al (2007) and Zhang et al (2015),
respectively.

Instruments analyses: The PALF, PALFCs, PALFNPACs and
PALFPACs were also characterized other instruments. Fourier
transform infrared spectrometer (Spectrum GX, Perkin Elmer)
in the range 4000-400 cm~" was used for characterization of
functional groups on surface of the all samples. The samples
were prepared as pellets using KBr (Yang et a/, 2011). An X-ray
powder diffractometer with a Cu tube anode (PW 3040/60, X'
Pert Pro MPD) was used to record the X-ray patterns of
samples. Scanning electron microscopy (PHILIPS LEO 1455 VP)
was used to visualize the surface morphology of the
carbonized and activated products. The samples were coated
with gold by a gold sputtering device for a clear vision of the
surface morphology. Elemental composition of these samples
was also determined using scanning electron microscopy
equipped with energy dispersive spectrometer. The EDS
spectra showing elemental composition were obtained by
scanning through the surfaces of the samples. The surface
distributions were collected from SEM pictures using different
magnifications. Textural characteristics were determined by N,
adsorption at-196°C on brunauer emmett teller surface area
analyzer (Micromeritics TriStar Il). The samples were degassed
at 250°C for 12 h under vacuum before the measurements.
The specific surface areas were estimated by the multipoint
Brunauer Emmett Teller (BET) equation.
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RESULTS AND DISCUSSION

Thermal behavior of PALF by TGA: Figure 1 shows the TGA
curve of PALF from room temperature to 800°C. A weight loss
of about 6% observed between room temperature and 120°C
and a gradual weight loss between 120 and 260°C was
assigned to evaporation of water vapour and the absorbed
moisture (Li etal, 2015) of PALF. Thefirst step weight loss took
placeinthe temperature range 260-380°Cand is attributed to
oxidative pyrolytic decomposition of cellulose and
hemicellulose and to partial lignin decomposition. Pyrolysis of
hemicellulose and cellulose usually occurs rapidly in the range
200-300 and 300-400°C (Rosas et al, 2009) with about 70%
weight loss, which corresponds to the amount of the
hemicellulose and cellulose content of PALF. The lignin
decomposition usually results in a gradual weight loss in the
temperature range 380-680°C. Because of lignin has a
chemical structure, which is more difficult to decompose in
comparison to cellulose due to the presence of benzene rings
(Lee etal,2014). The second, minorand rapid weightloss took
placeinthe temperature range 680-700°Cand is attributed to
oxidative pyrolytic decomposition of lignin and char. The very
low weight (about 1.7%) of the final residue observed in the
temperature range 700-800°C is mainly due to the complete
oxidation of lignin and char with the presence of oxygen to
produce combustion ash in the form of oxides (Lee et a/,
2014). The amount of residue in this experiment corresponds
to the amount of ash content of PALF.

Composition of PALF: The proximate composition of PALF is
4.81% moisture, 1.69% ash, 78.9% volatile matter and 14.6%
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Fig. 1: TGA curve of PALF
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Table 1: Elemental composition of PALF, PALFC, PALFNPACs and PALFPACs as a function of activation temperature determined by EDS analysis

Element composition (wt %)

Samples and temperature (°C) C 0 Si Ca P K

PALF 4531%2.25 49.47+2.07 1.21%£0.13 1.03%0.65 1.44£0.21 1.22£0.02
PALFC 500 73.16+3.27 21.04%3.01 1.81£0.27 135+1.34 2.01+0.12 1.35%0.03
PALFNPAC 400 5431+£4.02 31.28+234 2.09+1.26 1.19£1.02 10.86£0.52 0.86+0.05
PALFNPAC 500 57.67%3.21 29.02+235 243+1.42 1.63%£1.02 10.09+0.76 0.76+0.02
PALFNPAC 600 62.53+2.52 24.93+2.36 24112035 0.55+0.02 12.56%0.32 0.71%0.01
PALFPAC 400 53.43%3.78 30.90%2.82 1.98+0.30 1.69+0.66 10.45+0.23 1.36%0.04
PALFPAC 500 55.18+t4.02 33.09+234 2.08+1.26 0.30%0.01 8.77%+0.54 0.48+0.01
PALFPAC 600 60.27+2.88 25711267 2.03+0.32 0.54%+0.03 8.53+0.61 0.4120.01

C: Carbon, O: Oxygen, P: Phosphorus, Ca: Calcium, K: Potassium and Si: Silicon group

fixed carbon. The organic composition of PALF is 1.98 £0.08%
lignin, 19.80+0.21% hemicellulose and 70.98%+0.93%
cellulose. These compositions are based on the results of TGA.

Elements composition of PALF, PALFC, PALFNPACs and
PALFPACs: Table 1 shows the elemental composition of PALF,
PALFC, PALFPACs and PALFPACs. It can be seen that content
of all elements except oxygen, increased after carbonization
and activation. This is due to the liberation of volatile
compounds during the carbonization process (Avelar et al,
2010) and pyrolytic decomposition by phosphoric acid
(Ren et al, 2011). Furthermore, these elements and
compounds made from them are chemically stable and could
survive extensive washing after carbonization or activation
processes (Myglovets et al, 2014), except Ca and K. The
content of phosphorous in the materials increases drastically
after activation with phosphoric acid. This is due to the
interaction of phosphoric with the carbon skeleton or organic
material in the precursor materials leading to formation of
phosphate linkages (Chen et a/, 2008). Furthermore, carbon
and phosphorous content of PALFNPACs are higher than in
PALFPACs. This phenomenon is due to formation of more
phosphate linkages with organic matterin PALF, as PALFC has
low content of organic material. The changes in the content of
0 and P indicated the formation of surface functional groups
containing oxygen and phosphorous (Li et a/, 2015). Indeed,
the carbon contents of activated samples are lower than of
PALFC. The reason in this case is the catalytic effect of
phosphoric acid leading to the decomposition of carbon by
the bond cleavage reactions followed by the development of
porous structures (Ren et a/, 2011). It seems that PALFPACs
may have higher pore volume than PALFNPACs obtained at
the same activation temperature. This is because the carbon
content of PALFPACs is decomposed to a higher degree than
that of PALFNPACs.

FTIRspectraof PALF, PALFC, PALFNPACs and PALFPACs: The
FTIR transmission spectra of PALF, PALFC, PALFNPACs and
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PALFPACs are shown in Fig. 2. Spectra of all samples exhibit
broad bands between 3200 and 3600 cm~' with maxima at
about 3400 cm™', which can be assigned to the O-H stretching
modes of hydroxyl groups and adsorbed water molecules
(Lim etal,2015). The intensities of these peaks decreased after
carbonization and activation. This shows that water was
thermally removed from PALF. The FTIR spectrum of PALF
(Fig. 2a) shows a small band at around 2920 cm~" due to the
C-H stretching in methyl and methylene groups (Zheng et a/,
2014). The peaks at 1710 and 1640 cm~' are attributed to the
stretching vibrations of C= 0 in ketones, carboxylic acids and
the aromatic ring stretching vibrations (C = C) (Yang et al,
2011), respectively. The small peaks between 1500 and
900 cm~' correspond to the functional groups of cellulose and
lignin as described by Yang et al (2011). These peaks
disappeared after carbonization at 500°C (Fig. 2b). This shows
that the volatile matters were thermally decomposed during
the heating of PALF. One exception is the band between
3200and 3600 cm~' whose intensity decreases. The spectra of
PALFC (Fig. 2b) contain new peaks at about 1720 and
1600 cm™' due to C = O stretching vibrations in ketones,
aldehydes and aromatic esters (Lim et a/, 2015) and the C=0
stretching in quinones (Yang et a/, 2011), respectively. Both
peaks are found in PALFNPACs and PALFPACs albeit with
smallerintensity. This reveals that the presence of phosphoric
acid can result in thermal decomposition and destruction of
organic compounds in PALF and PALFC. Furthermore, the
spectra of both PALFNPACs and PALFPACs exhibit more new
peaksinaround 1200 and 1000 cm~", which could be assigned
to phosphate groups. The band at 1144-1154 cm~" could be
assigned to P = O groups of phosphates or polyphosphates,
O-C stretching vibration in the P-O-C (aromatic) linkage,
P=00H and the symmetric stretching mode of O-P-O
non-bridging oxygen atoms (Jha et a/, 2015). The band at
about 1000 cm™' could be assigned to P-O-C asymmetric
stretching, P-OH bending, interaction between aromatic ring
vibration and P-C (aromatic) stretching, P-O-P asymmetric
stretching in polyphosphates and symmetrical stretching
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Fig. 2(a-h): Fourier transform infrared transmission spectra of, (a) PALF, (b) PALFC prepared at 500°C, (c) PALFNPAC prepared
at 400°C, (d) PALFNPAC prepared at 500°C, (e) PALFNPAC prepared at 600°C, (f) PALFPAC prepared at 400°C,
(g) PALFPAC prepared at 500°C and (h) PALFPAC prepared at 600°C

of PO, and PO; in phosphate-carbon complexes
(Suarez-Garcia et al, 2004). The very weak peak at 887 cm™!
found in PALFC, PALFNPACs and PALFPACs, which appeared
after carbonization and activation with H;PO, is related to
silanol groups (Si-O  containing groups) (Guo and
Rockstraw, 2007), which originated from raw PALF. This band
can also be attributed to asymmetric stretching of P-O-P
groups. It has been suggested that the phosphate group is
built from short chains containing phosphorus-oxygen and
pyrophosphate groups (P,0;4) (Jha et a/, 2015). Another
band at about 490 cm~! found in all of the PALFNPACs and
PALFPACs corresponds to P*-O~ vibrations (Sych et al, 2012),
which indicates the change of the pyrophosphate groups
to orthophosphate groups (Jha et al, 2015). There is also
a small band at 2348-2374 ¢cm~' in all PALFNPACs and
PALFPACs, which corresponds to P-H vibrations
(Abdelghany et al, 2014) and has higher intensity than
in NFMCs. This result suggests that H;PO, produces
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carbon oxidation, introducing oxygenated functionalities
(Lim et al, 2015) in both PALFNPACs and PALFPACs.

XRD patterns of PALF, PALFC, PALFNPACs and PALFPACs:
Figure 3 shows that the PALF (Fig. 3a) was composed of
cellulose (2* = 16.5, 22.5 and 34.5°) (Benitez-Guerrero et al,
2014) and lignin (2* = 22°) (Vivekanand et a/, 2014). After
carbonization at 500°C, there are no cellulose and lignin peaks
in PALFC (Fig. 3b). However, there are 2 new broad peaks at
24 and 43° which were assigned to disordered carbon
structures (Jin et a/, 2014). PALFC also contains a sharp peak
at 29.5° and a small peak at 34.5° which were attributed to a
calcium compound (Tianxue et a/, 2014) and a potassium
compound (Diaz-Teran et al, 2003), respectively. Furthermore,
it had a little peak at 23°, which corresponds to silica (Guoand
Rockstraw, 2007). This silica originates from raw PALF. It has
also remained in PALFNPACs and PALFPACs, in which the
corresponding peak had higher intensity because silica is



Asian J. 5ci. Res.,, 9 (1) 24-33, 2016

LN LR LR LR B R LR LR LR R

50
Position (20)

Fig. 3(a-h): X-ray diffractograms of, (a) PALF, (b) PALFC prepared at 500°C, (c) PALFNPAC prepared at 400°C, (d) PALFNPAC
prepared at 500°C, (e) PALFNPAC prepared at 600°C, (f) PALFPAC prepared at 400°C, (g) PALFPAC prepared at 500°C

and (h) PALFPAC prepared at 600°C

thermally stable (Guo and Rockstraw, 2007). For activated
materials, the new sharp peak at about 24° in both
PALFNPACs and PALFPACs was attributed to P-C (Zhu et a,
2015). It was confirmed that phosphoric acid interacted with
the carbon skeleton or organic material of PALF and PALFC
and then formed of phosphate linkages (Ren et a/, 2011) on
the PALFNPACs and PALFPACs surface. It was seen that the
intensity of silica peaks (23°) of PALFPACs are higher than
those of PALFNPACs. This is because of the phosphate content
of PALFNPACs is higher than that of PALFPACs. This resulted
in the dominant phosphate peaks and depressed the peak
intensity of silica as well as the intensity of peaks of potassium
and calcium compounds in PALFNPACs.

SEM morphology: Figure 4 shows SEMimages of PALF (a) and
PALFC carbonized at 500°C. The raw PALF (Fig. 4a) exhibits
highly packed bundles with some pits and holes on the
surface. However, the PALFC obtained using carbonization at
500°Chad agroove form with parallel streak ridges that follow
the longitudinal fibers. It is the result of thermal degradation
of volatile matter (Shcherban et a/, 2014). The degradation of
volatile matter at 500°Cis attributed to the evaporation of the

29

surface moisture and volatilization of cellulose and
hemicellulose and partial lignin decomposition followed by
densification and contraction (Lee et a/, 2014). It is also
attributable to the collapse of aromatic rings (skeletal carbon)
(Yang etal, 2011).

After activation with phosphoric acid at temperature of
400-600°C, the PALFNPACs and PALFPACs were spread to sub
fibers (Fig. 5a-f). This has shown that PALF consisted of many
sub dense fibers, which formed by bond cleavage reactions
and crosslinking (Chen et a/, 2008) caused by the phosphoric
acid. Both PALFNPACs and PALFPACs are more broken and
contracted, which s attributed to more extensive dehydration
and thermal decomposition of organic compounds or carbon
(Castro-Muniz et al, 2011). This effect is the cause of the
destruction of the morphology (Romero-Anaya et a/, 2012) in
both PALFPACs and PALFPACs. Furthermore, the PALFPACs
are more broken and contracted than PALFNPACs. This result
suggests that the porosity of PALFC after carbonization is
more than that of raw PALF and thus phosphoric acid
could penetrate deeper into the texture of PALFC.
Therefore, the polymeric chains of PALFC are broken and
have reacted with phosphoric acid forming phosphate
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Fig. 4(a-b): Scanning electron microscope micrographs of (a) PALF and (b) PALFC prepared at 500°C

Table 2:Brunauere Emmett teller surface area, pore volume, pore size and percent micropore of PALF, PALFC, PALFNPAC and PALFPAC as function of activation

temperature

Samples and temperature (°C) BET surface area (m?g~") Pore volume (cm3g™) Average pore size (nm) Micropore (%)
PALF 3.1318 0.00347 44316 -
PALFC 500 21.6120 0.01782 9.0308 -
PALFNPAC 400 4.8082 0.00630 1.9413 74.27
PALFNPAC 500 4409211 0.21637 1.9476 78.83
PALFNPAC 600 445.6875 0.21297 5.2435 83.92
PALFPAC 400 294.2739 0.11257 3.2983 73.40
PALFPAC 500 534.3411 0.25933 1.9413 77.59
PALFPAC 600 636.3495 0.30984 1.9238 76.80

BET: Brunauere Emmett teller

and polyphosphate bridges. This in turn resulted in the
porosity, which was created up PALFC degradation
(Suarez-Garci'a et al, 2004).

Textural characteristics of PALF, PALFC, PALFNPACs and
PALFPACs are shown in Table 2. It was shown that the PALFC
obtained by carbonization at 500°C has surface area, pore
volume and average pore size higher than PALF. This is the
result of the evolution of compounds produced from the cross
linking reactions and shrinkage in the material (Yang er a/,
2011), which is consistent with the results of SEM imaging
(Fig. 4). It was also shown that PALFNPACs and PALFPACs
exhibit a strictly microporous structure with a high
contribution of micropores (73.40-83.92%), which is also
evident from the SEM micrographs (Fig. 5). It was shown that
phosphoric acid is crucial for the micropore formation in
activated carbon materials. In addition, the BET surface area,
pore volume and percent of micropore of PALFNPACs and
PALFPACs are likely to increase with increasing activation
temperature from 400-600°C. It was shown that the
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amorphous carbon is removed from the network by
reactions between carbon and phosphoric acid, which causes
the change of pore structure and texture characteristics
(Zheng et al, 2014). This is because the polymeric chains are
broken and react with phosphoric acid forming phosphate
and polyphosphate bridges (Castro-Muniz et a/, 2011). These
phosphate and polyphosphate bridges become thermally
unstable at temperatures above 500°C and promote the
development of micropores (Chen et a/, 2008). However, the
average pore size of PALFNPACs increases with increasing
activation temperature, while the trend in pore size of
PALFPACs is inversed. The percent of micropores in
PALFNPACs tends to be higher than in PALFPACs. This is
because the addition of H;PO, to the PALF accelerates the
dehydration of the cellulose and promotes inflame retarding
and crosslinking. Thus, it could be proposed that the
proportion of micropores increases at the same time while the
meso/macropore sizes grow (Chen et a/, 2008). Indeed, it was
observed that the PALFNPACs, which were obtained after



Asian J. 5ci. Res.,, 9 (1) 24-33, 2016

3um Scan speed = 10 EHT = 20.00 KV Signal A = SEL Fill = 2.649 A

F— Mag=200K X WD=9mm  Spotsize = 180

i > ar 44
1 pm Scan speed =8 EHT =20.00 kV Signal A=SE1 Fill=2.649 A
|H Mag=200KX WD=10mm  Spotsize = 160

3 um Scan speed =10 EHT = 20.00 kV Signal A=SEL Fill = 2.649 A p Scan ed =10 EHT =20.00 kV Signal A = SE1 Fill =2.649 A
F—Mag=2.00 KX WD =11 mm  Spotsize = 180 — Mag=200KX WD=11mm  Spotsize = 180

- f 3 ! R 1 X
3 um Scan speed = 10 EHT = 20.00 kV Signal A=SE1 Fill=2.649 A | 3um Scanspeed =10 EHT =20.00 kV Signal A = SE1 Fill =2.649 A
1 Mag=2.00 KX WD=10mm  Spot size = 180 F—{ Mag=2.00KX WD=10mm  Spotsize = 180

Fig. 5(a-f): Scanning electron microscope micrographs of (a) PALFNPAC prepared at 400°C, (b) PALFNPAC prepared at 500°C,

(c) PALFNPAC prepared at 600°C, (d) PALFPAC prepared at 400°C, (e) PALFPAC prepared at 500°C and (f) PALFPAC
prepared at 600°C

activation at 400°C, have BET surface area, pore volume and

at 500°C. This observation could be explained by the
average pore size lower than PALFC, which were carbonized

phosphoric acid, which dehydrates the material during
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activation, remaining as salts of phosphoric acid inside the
porous structure of the activated carbon occupying
substantial volumes. Another reason is the rupture of
phosphate and polyphosphate bridges, which takes place
prior volatilization leading to bond breakdown and
contraction in the material. This is reflected in a decrease in
the volume of micropores (Suarez-Garcia et a/, 2004), which
can be seen in Fig. 4b and 5a. Furthermore, as when a
comparison of textural characteristics of PALFNPACs and
PALFPACs is made, the values of BET surface area and pore
volume of PALFNPACs are lower than of PALFPACs obtained
at the same activation temperature. This is because the
polymeric chains of PALFC, which was carbonized at 500°C,
were broken and have reacted with phosphoric acid forming
phosphate and polyphosphate bridges. Thus, the porosities
are formed after PALFC degradation as a result of phosphoric
acid withdrawal or P-compound volatilization, which keeps
the carbonaceous material structure  expanded
(Castro-Muniz et al, 2011).

CONCLUSION

It can be concluded that phosphoric acid has a strong
effect on the textural structures of activated carbon fibers
from pineapple leaf fiber, especially on the micropores. This
conclusion is supported by the results of FTIR, XRD, SEM-EDS
and BET surface area analysis, which are all in good
agreement. Furthermore, it has been shown that the activated
carbon fibers obtained after pre-carbonization followed with
phosphoric activation had higher BET surface area, average
pore size and percent of micropores than materials prepared
without pre-carbonization. However, the pore volume and
percent of micropores are reverse as same activation
temperature. However, the process without pre-carbonizatio
uses less energy than the process including pre-carbonization
followed by activation process. In addition, the BET surface
area, pore volume, average pore size and percent of
micropores in activated products have increased with
increasing activation temperatures. The only exception is the
average pore size of PALFPACs, which show a reverse trend.
Furthermore, the P-containing and O-containing surface
functional groups are formed after phosphoric acid activation
in both PALFNPACs and PALFPACs, which can also affect
adsorption properties. Thus, it is possible to prepare
activated carbon fibers for the production of adsorption
filter from PALF.
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