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Different pyrolyzing techniques are assumed to yield products with different
content and adsorption rate. This study aimed to characterize five coconut charcoal
samples from different pyrolyzing techniques such as Drum Kiln, Pit Method, Top Lift
Updraft Method for TLUD - Top Sample & TLUD - Bottom Sample, and Hookway
Retort to determine the best production method that will yield a quality of charcoal
suitable for adsorption applications. Proximate analysis and adsorption kinetic
studies were done to characterize and determine the rate of adsorption. Charcoal
samples were ranked based on the following criteria and weights: 70% for
adsorption capacity, 20% for fixed carbon, and 10% for the volatile matter. High
adsorption capacity, high fixed carbon, and low volatile matter are good charcoal
qualities for adsorption. For proximate analysis, ASTM Methods (ASTM D3302,
ASTM D3175-17, ASTM D3174-12, ASTM D3172-13) were used. Experimental data
showed that fixed carbon content of charcoal samples from Drum Kiln, Pit Method,
TLUD-Top, TLUD-Bottom, and Hookway was 54.63%, 56.84%, 64.77%, 45.85%, and
56.59% respectively; while 30.69%, 31.65%, 20.65%, 43.39%, and 24.13% respectively
for the volatile matter. For adsorption kinetic studies, optimization was done using
Box-Behnken design with initial concentration, adsorbent dose, and pH as factors.
The Hookway sample was subjected to optimization, where its optimum conditions
were used for the rest of the charcoal samples. The experimental data for the
adsorption kinetic studies showed that the pseudo-second-order exhibited the best
fit for all the charcoal samples. The coefficient of determination for charcoal
samples from Drum Kiln, Pit Method, TLUD-Top, TLUD-Bottom, and Hookway
Method are 0.9253,0.944,0.7267,0.9885, and 0.9216. Applying the weights, the best
charcoal sample is from Kiln, followed by Pit, TLUD-Bottom, TLUD-Top, and
Hookway. Production temperature, pressure, and humidity could be employed in
future studies to determine what affects the quality of charcoal during pyrolysis.
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INTRODUCTION

Pyrolysis is a form of thermochemical treatment of organic or carbon-based
products. The material is subjected to high temperature, which then undergoes
chemical and physical decomposition in the absence of oxygen. Unlike combustion
and gasification processes, which involve partial or complete oxidation of the
material, pyrolysis is based on heating products in the absence of air, making it a
mostly endothermic process that allows for the maintaining of the high energy
content of the products.

The products of pyrolysis are charcoal, tar, moisture, and gases. Charcoal can
be used as activated carbon (diverse adsorbent) and has many applications such
as for air purification, purification of contaminated water, teeth whitening, anti-
aging and digestive cleansing.

This study has the following objectives: To compare the characteristics of
coconut charcoals produced from different pyrolyzing methods (Drum Kiln, Pit
Method, Top Lift Updraft Method - Top, Top Lift Updraft Method - Bottom, and
Hookway Method) using the following parameters: a. Proximate Analysis: Fixed
Carbon, Moisture Content, Ash Content, Volatile Matter; b. Methylene Blue Number;
and c. Adsorption Kinetic Studies; To determine the rate of adsorption and
mechanism that controls the adsorption of the five different coconut charcoals; and
Todeterminethe best charcoal to be used for adsorption.

The study was limited to characterizing the five charcoal samples given by the
graduate student doing research about pyrolysis. The parameters for the
characterization of the five charcoal samples in this study only involved Proximate
Analysis, Methylene Blue Value and Adsorption Kinetic Study. The parameters
(pressure, temperature, reaction time) concerning the production of the five
charcoals were not discussed in this paper.

MATERIALS AND METHODS

Preparation of Coconut Shell Charcoal

Charcoals made of coconut shells were sampled from four different
techniques of pyrolysis, namely: Drum Kiln Method; Pit or Earth Method; Top-Lift
Updraft (TLUD) Method and Hookway Retort Method. Five samples were gathered
and named based on the method used. For this study, the samples from the
different methods were named as follows:

ePag-AsaKiln (1) for Drum Kiln method

eSupplier's Coal (2) for Pit method

eTop New (3) for the sample collected from the top part of the container of the
TLUD method

eBottom New (4) for the sample collected from the bottom part of the container

of the TLUD method
eDavid's Reactor (5) for Hookway Retort method

The samples were pulverized using a mortar and pestle. The pulverized
samples that passed through a 250um (No. 60) Tyler sieve were stored in a clean
and dry airtight container.

130



Characterization of charcoal produced from different Pyrolyzing

Proximate Analysis

The proximate analysis measures the suitability of charcoal to be used for its
application. For this study, charcoal is expected to be used for adsorption.

Moisture Content Determination

The moisture content of the different coconut charcoals used in the experiment
was measured using the oven drying method in accordance with ASTM D3302,
"Test Method for Total Moisture in Coal". The steps followed are shown in Figure 1.

Without cover, place

Moisture Content _ | Pulverize sample and y ?;?ggrfh1s.g;£r?lge0i{:11§ " cruciblesina
Determination | - | sievethroughNo.60 | i ciblg || preheated oven at
107°C for 1h
|

Open oven, cover Weight as scon as Repeat steps 3-5 until
crucibles quickly, |—>| crucibles reachroom |—=| constant weight Caﬂ‘f&'ggjfgig’ﬁ{gﬁtge
cool in dessicator temperature obtained

Figure 1. Flowchart of Moisture Content Determination in accordance with ASTM D3302

The moisture content of the samples was computed using the dry-weight basis
using the formula given:

Wo - Wy v100

MC, =

0
where,
Mc,, =moisture content dry-weight basis

W, =initial weight of the sample
W, =final/oven-dry weight of the sample

Volatile Matter Content Determination
The volatile matter content of the different coconut charcoal was measured in

accordance with ASTM D3175-17, which is the standard test method for volatile
matter in the analysis sample of coal. The steps followed are shownin Figure 2.
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With fitted cover, place

Vol:g;l:tmtter Pulverize sampleand | . | Prepare1.0:0.0001gfor | |  cruciblesin 950°C
Détermination ; sieve through No. 60 | each sample in crucible ~| furnace chamber for
7min
\ '
Remove crucibles Weigh as soon as ;
quickly, cool in ——>| crucibles reach room Ca\culaterzz;?:pt volatile
dessicator temperature

Figure 2 Flowchart of volatile matter determination in accordance with ASTM D3175-17

The volatile matter content of the samples were computed based on the
formula:
100(B-F)-M, (B-G)
(B-G)(100-M,)

V, =100x

where,
B =massingofthecrucible, lid, and sample before heating

F =massingofthe crucible, lid, and contents after heating
G =mass in g of the empty crucible and lid

M. = moisture, as a percentage by mass.

V, = volatile matter content; %

Ash Content Determination

The ash content of the different coconut charcoals used in the experiment was
measured in accordance with ASTM D3174-12, the standard method used in the
“Test Method for Ash in the Analysis Sample of Coal”. Figure 3 shows the
summarized flowchart of the method.

: Prepare
AshContent | merzgzizzgmle .| 1.040.0001gfor | .| Without cover, place crucibles
Determination € throuah No. 60 “| each samplein : with sample in cold furnace
RO crucible
Atthe end of 1h,
increase 2 Weigh as soon as
Heat until it reaches | . | temperature from ?ﬁ)rpno%ﬁﬁ;ésgiﬁé | crucibles reach . Calculate
0 = o o == | >
500°C for 1h 500°C to 750°C. i room percentage ash
Continue to heat temperature

for 2h.

Figure 3 FIdwchart of Ash Content Determination in accdrdance with A§TM D3174-12
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The ash content of the samples was computed based on the formula:

A, -100xF°C

where,
G = mass of the empty crucible in grams; g
B = mass of crucible plus dried sample in grams; g
F = mass of crucible plus ashed sample in grams, g
A, = ash content; %

Fixed Carbon Determination

According to ASTM D3172-13, which is the Standard Practice for Proximate
Analysis of Coal, fixed carbon content is the resultant of the summation of
percentage moisture, ash, and volatile matter subtracted from 100. The fixed
carbon content of the samples was computed using the formula:

F.=100-(MC, +A, +V,)

where,
MC,, = moisture content dry-weight basis; %
A, =ashcontent; %
V, =volatile matter content; %
F, =fixed carbon content; %

Design and Optimization

The charcoal sample from David's Reactor was used to determine the optimal
value for the adsorption parameters, namely, the initial Methylene Blue (MB)
concentration, adsorbent dose, and pH of a solution. The optimal values found in
this experiment were applied for the adsorption kinetic study of all the other
charcoal samples. The adsorption parameters were examined using the Box-
Behnken design.

Batch Adsorption Experiment

Batch experiments were carried out for David's Reactor charcoal in Erlenmeyer
flasks with 50mL dye solution agitated using a gyratory shaker at 300rpm setting.
Experiments were performed under varying initial MB concentration (30-150ppm),
adsorbent dose (1.0-2.0g), and pH (2-4). The treated solution was then filtered, and
the sample absorbance was calculated using the formula:

c,-cC,

%removal = (
0

]x100

where C,and C, are the initial and final concentrations in ppm, respectively.
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Kinetic Studies

Thekinetic study was carried out using David's Reactor sample's optimum level
of 74ppm for initial MB concentration, 1.7g for adsorbent dose, and 2.73 reading for
pH. These conditions were applied to all of the five (5) samples. Each sample of
50mL dye solution was agitated in a shaker at 300rpm. The samples were then
collected at an interval of every 10min for 60min. After filtration, the final
concentration was analyzed using UV-Vis, and the adsorption capacity is computed
using the equation:

_(c,-c, xv
¢ M
Where;
V =volume of the dye solution, mL
M =mass of theadsorbent, g
Weighting and Ranking

The weights of the criteria were based on their relevance to determine the best
coconut charcoal sample for adsorption purposes. The criteria considered in this
study, together with their corresponding weights, are shown in table 1 below.

Table 1. Criteria and corresponding weights for ranking charcoal samples

Criteria
Adsorption Capacity 70%
Fixed Carbon 20%
Volatile Matter 10%

For adsorption capacity and fixed carbon, the obtained results were directly
multiplied to its corresponding weight. For volatile matter, the sum of all the results
was subtracted to each of the results for each product and divided afterward. The
obtained dividends were then multiplied by the weight of the volatile matter. The
weighted results of the three criteria for each pyrolyzed product were summed. The
ranking was done from greatest to least. The most desirable charcoal product for
adsorption purposes was the producthaving the greatest value.

RESULTS AND DISCUSSION

Characterization based on Proximate Analysis
Moisture content

Moisture content is the ratio of the mass of water to the mass of solids in the
sample. Moisture content is significant to know since water, which is polar in
nature, takes up spacein the charcoal's structure. The presence of water, therefore,
makes the charcoal less effective for adsorption. Based on Figure 4 shown below,
the supplier's charcoal sample had the lowest moisture content, while the sample
from David's Reactor had the highest observed value. Samples from Pag-Asa Kiln
and Top-New had moisture contentin close proportion.
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Pyrolysis Methods
Figure 4. Moisture Content of five different charcoal samples
Volatile Matter

Volatile matter content is an important determination for evaluating charcoal's
combustion characteristics. It can vary from a high of Volatile matter is usually
specified free of moisture content. Generally, charcoal with high volatile-matter
contentignites more easily than that with low volatile matter and is highly reactive in
combustion applications. Highly volatile charcoal is preferable for some purposes,
such as barbecuing, while other uses need charcoal with low percentages of volatile
matter content, such as chemical purification and metal manufacturing. In general,
for adsorption purposes, the high volatile matter is not favorable because of its
unstable nature that changes to another state or vaporizes. Once a part of the
charcoal vaporizes, the surface for adsorption decreases, making it less effective
forthatpurpose.

Figure 5 shows that all the samples have volatile matter content within the
expected range for charcoals. The percentage of volatile matter in charcoal from
the bottom part of the top-lift updraft (TLUD) technique presented the highest
proportion compared to others at 43.39%. Charcoal produced by drum kiln and pit
method had close values of percentage of volatile matter proportions at 30.69% and
31.65%, respectively. The sample from David's Reactor had a volatile matter
percentage of 24.13%, while the top part of the TLUD method had the lowest value at
20.65%. Highly volatile charcoal is easy to ignite but may burn with a smoky flame,
compared to charcoal with low volatility that may be harder to ignite but burns very
cleanly. Having higher volatile matter content produces less fines during transport
and handling.
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Figure 5. Volatile matter of five different charcoal samples
Ash Content

Ash content measures the residue remaining after burning all the combustible
matter of the sample. It is said that ash content reduces the overall activity of
activated carbon and its efficiency of reactivation (Carbochem). Applying this
statement to ordinary charcoal, ash may reduce the adsorption capacity of
charcoal.

6.00%

5.20%
5.00%

4.47%

4.00%

3.41%

3.00% 2.83% 2.91%

2.00% BAC
1.00%

0.00% T T T

T

PAG ASA Kiln  Supplier Top New  Bottom New  David's
Charcoal

Ash Content (%)

Pyrolysis Methods

Figure 6. Ash Content of five different charcoal samples
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Fixed Carbon

The fixed carbon content of charcoal ranges from a low of about 50% to a high of
around 95%, suggesting that charcoal consists mainly of carbon. Based on the
graph below, it can be observed that all samples aside from the charcoal from the
bottom part of the TLUD method are within the range expected for charcoals. The
greatest proportion of fixed carbon can be observed on the charcoal from the top
part of the TLUD method. The samples produced from the drum kiln, pit method, and
hookway retort method have a close values for percentage fixed carbon
proportions of 54.63%, 56.84%, and 56.59%, respectively. Charcoal from the bottom
part of the TLUD method had the lowest percentage of 45.85%. A higher fixed-
carbon contentindicates thatthe charcoal will exhibitalonger combustion time.

70.00% 64 T77%
o 56.84% 56.59Y
60.00%——573%
g 50.00% 45:85%
T 40.00%
c
S
o
o 30.00%
7o )
2
o .00%
S 20.00
10.00%
0.00% : . Y
PAG ASA Kiln Supplier Top New Bottom New David's
Charcoal
Pyrolysis Methods

Figure 8. Fixed Carbon Content of five different charcoal samples

Optimization of Adsorption Parameters

The table below lists the summary of the analysis of variance results using the
quadratic model, which best fitted the data points in the experiment with the
coefficient of determination of R’=0.9585.

The Model F-value of 31.82, according to Design Expert, implies a significant
model. The P-Value Probability >F less than 0.0500 indicates model terms are
significant. The lack of fit F-value of 0.32 implies that it is not significant relative to
the pureerror.

The figure 12 below shows a plot of the actual vs predicted values of the

charcoal sample's percentage removal of MB. The graph shows that the points are
neartheline.
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Predicted vs. Actual
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Figure 12. A plot of Predicted versus Actual Values of Charcoal Sample's Percent Removal

The optimum conditions found are the following: 74ppm for Initial Methylene
Blue Concentration, 1.7g for Adsorbent Dose, and 2.73 for pH. The graph below
shows the optimal concentration and adsorbent dose value at 2.73pH at 97.5069%
predicted removal. Due to limited available charcoal samples, a confirmatory
experiment was not done.

Percent Removal

Prediction 97.5069

1.75

83.7615

72.6449

B: adsorbent dose

] 4
30.00 60.00 90.00 120.00 150.00
A: Initial MB Conc

Figure 13. Effect of Initial MB Concentration (ppm) on Percent Removal of Charcoal Sample
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Effect of Initial Concentration

The effect of initial MB concentration on percentage removal at 1.5g adsorbent
dose of charcoal is shown in the graph below. At lower MB concentrations,
percentage removal is high. At higher MB concentrations, percentage removal is
lower. The relationship between initial concentration and percentage removal is,
therefore, inversely proportional. A similar trend had been found in the study of de
Luna et al (2013) on the adsorption of Eriochrome Black T dye using rice hull
activated carbon.

Interaction
104—] C: pH
>
<
88— i *
E T 2e
o Fhe
E R .
& 72—
E =
2]
I
[
o
56—
40—
T T T T T
30.00 60.00 90.00 120.00 150.00
A: Initial MC Conc

Figure 14. Effect of Initial MB Concentration (ppm) on Charcoal Sample's Percent Removal

Effect of Adsorbent Dose

The effect of the adsorbent dose of the charcoal sample on the percentage
removal of the MB is shown in the figure 15 below. The percentage removal
increased as the adsorbent dose increased from 1.0to 2.0g. Therefore, an increase
in the number of available adsorption sites gives an increase of MB dye adsorbed
because more surface areais available for adsorption.

A positive correlation is seen in the graph of the percentage removal versus the
adsorbent dose. This has the same result as the study of de Luna et al (2013) on the
adsorption of Eriochrome Black T dye using rice hull activated carbon.

EffectofpH
From the two previous graphs, it can be seen that percentage removal

decreased as the pH of the solution increased. This phenomenon may be due to the
fact that as the solution becomes more acidic, the functional groups in the charcoal
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sample become more positively charged or protonated, which causes the MB dye to
become more electro-statically attracted to the adsorbent. At a lower pH, the
adsorptionisincreased.

Adsorption Kinetic Studies

In the adsorption studies, the efficiency of adsorption is expressed as g, which
isthe amount of adsorbate adsorbed per amount of adsorbent used for adsorption.

2500
2000
g
g (1500, —— PAG ASAKiln
&5 —a— Supplier's Charcoal
~o— New Method (Top)
1000
—o— New Method (Bottom)
David's Reactor
5000 |
0 10 20 30 40 50 60 70
t (mins)

Figure 16. Adsorption Capacity vs. Time

The figure 16 above shows the graph of adsorption capacity versus time. Based
on the data plotted, the charcoal from PAG-ASA Kiln showed the highest adsorption
efficiency while David's Reactor gave the lowest.

For this study, two kinetic models were used to identify the adsorption
mechanism exhibited in the experiments. The kinetic models used were the
pseudo-first-order mechanism and the pseudo-second-order mechanism.

Adsorption data of the five samples, each with six readings for one hour with
10min intervals, were fitted in the kinetic model equation. Pseudo-first order model
is given with the equation below:

k
log(g. —q, )=logq. — —__t
0g(q, - q,)=logg, 2303
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where,
q.= equilibrium adsorption capacity; mg g
q,= adsorption capacity at time t; mg ¢
k,= pseudo-first-order rate constant; min"
t = time; min
10
9 2
8 ® .
5
2
2 6
g
g s
R'0.0813
3
2
1
0 [ *
0 10 20 30 40 50 60 70
t (mins)
Figure 17. Pseudo-first order kinetics - PAG ASA Kiln
9
]
8
1
i [ ] @ ®
9 5 el
i}
g, RE=0.0678
3
2
1
0 @
0 10 20 30 40 20 00 70
t(mins)

Figure 18. Pseudo-first order kinetics — Supplier's Charcoal
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Figure 19. Pseudo-first order kinetics - New Method (Top)

In (Qe-Qt)

R2=0.3197 "
L L) ®
10 20 30 40 50 60

t (mins)

70

Figure 20. Pseudo-first order kinetics - New Method (Bottom)
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Figure 21. Pseudo-first order kinetics — David's Reactor

Figures show that there is a low correlation using the pseudo-first-order kinetic
model. Hence, the pseudo-second-order was used given the equation below:

t 1 1
—=—+—t
9 k4. 4.
where,
k, = rate of constant of pseudo-second-order adsorption; g mg™ min
0.0035
Rjooss |
0,003 —ey
0.0025
0002 | 8
00015
0.001 o e
0.0005
0
0 10 20 30 40 50 60 70
t(mins)

Figure 21. Pseudo-second order kinetics - PAG ASA Kiln
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Figure 21. Pseudo-second order kinetics — Supplier's Charcoal
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Figure 21. Pseudo-second order kinetics — New Method (Top)
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Figure 21. Pseudo-second order kinetics - New Method (Bottom)
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Figure 21. Pseudo-second order kinetics — David's Reactor

Based on the figures shown, the adsorption follows a pseudo-second-order
mechanism, whichindicates that chemisorptionis the rate-determining step.
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Weighting and Ranking

Incorporating all the results from the proximate analysis and adsorption kinetic
study and applying the weights of the criteria, the best charcoal sample is from Kiln,
followed by Pit, TLUD-Bottom, TLUD-Top, and Hookway retort. It appears that the
most efficient pyrolyzing technique in this study has the charcoal product, which
exhibits the least capability to be used for adsorption purposes.

CONCLUSION AND RECOMMENDATION

Based on the weight given for each of the measured parameters with respect to
their significance on the adsorptive capacity of the charcoal samples, the ranking of
the methods are as follows: Kiln, Pit, Top-Bottom, Top New, and David's Reactor.

It is recommended to employ Fourier Transform Infrared Spectroscopy to be
able to identify organic, inorganic, polymeric, and chemical properties of the
samples. Furthermore, Brunauer-Emmett-Teller Analysis can also be used to know
the specific surface area of the samples.

Pressure, humidity, and temperature during pyrolyzing could also be
incorporated into the study to determine how these parameters affect the quality of
the charcoal product.

For the adsorption study, the effect of solution temperature could be
considered. Activation of the charcoal samples could also be considered for future
studies.
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