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Preface

We would like to welcome you to the International Conference on Innovations for
Sustainable and Responsible Mining - ISRM 2020, which will be held during
October 15-17, 2020, at Hanoi University of Mining and Geology (HUMG),
Hanoi, Vietnam. ISRM 2020 is organized by HUMG to celebrate the 55th
anniversary of the Department of Surface Mining, Faculty of Mining, HUMG. The
conference is the effective cooperation of HUMG and both TU Bergakademie
Freiberg (Germany), and Hanoi University of Public Health (Vietnam). Especially,
the event is financially supported by Vietnam National Coal-Mineral Industries
Holding Corporation Limited (VINACOMIN), Dong Bac Corporation (NECO),
and other organizations.

The main aim of the ISRM 2020 is to provide a platform for researchers,
academicians, and engineers in the field of mining, earth resources, civil engi-
neering, and geospatial technologies to present their recent research results.
Besides, the conference provides a setting for them to exchange new ideas, inno-
vative thinking, and application experiences face-to-face, to establish research or
business relations, and to find partners for future collaboration.

The conference program was organized into four sessions covering topics of
sustainable development and responsible mining, earth sciences and geospatial
technologies, occupational safety and health, and Industry 4.0 in mining. The ISRM
2020 has received 344 submissions, and among them, 68 high-quality manuscripts
were recommended to submit for the section earth sciences and geospatial tech-
nologies of this Springer proceedings book for a double-blind peer-reviewing.
Herein, each manuscript has been reviewed for its merit and novelty by at least two
reviewers by matching the content areas. As a result, a total of 21 papers have been
finally selected for this book. We believe that this proceedings book provides a
broad overview of recent advances in earth sciences and geospatial technologies for
readers.

Finally, we would like to express our sincere thanks to the university council of
HUMG, the rector and vice-rectors of HUMG, and the International Office of
HUMG for their help in administrative works and other supports. Special thanks to
Dr. Nguyen Quoc Long, the secretary of the ISRM2020, and Pierpaolo Riva at
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Springer for help and always responding promptly. We would like to thank all the
reviewers for their timely and rigorous reviews of the papers and to thank all the
authors for their submissions.

October 2020 Dieu Tien Bui
Hai Thanh Tran
Xuan-Nam Bui
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Abstract. Biochars derived from spent coffee grounds were pyrolysed at differ-
ent temperatures and retention times, including CF1-CF4 samples (500 °C for 0.5,
1.5, 3, 6 h); CF5-CF8 samples (600 °C for 0.5, 1.5, 3, 6 h) and CF9-CF12 samples
(700 °Cfor 0.5, 1.5, 3, 6 h). These biochars were examined to determine their abil-
ity to remove pollutants (COD, TSS, total N and total P) from livestock wastewater.
The initial livestock wastewater was treated with 12 types of biochar with masses
of 2,4 and 6 g atreaction times from 1, 2, 4 to 8 h to assess the adsorption efficiency
of the biochar. Adsorption efficiency for these pollutants increased with increas-
ing reaction time and biochar mass. The combination of 8 h reaction time and 6 g
biochar weight showed the highest adsorption efficiency. At an 8 h reaction time
with 4 g biochar, only COD content was adsorbed by the CF4 biochar sample at a
level meeting the output requirements according to the Vietnam standard QCVN
40:2011/MONRE national regulation for industrial wastewater; the remaining 11
treated wastewater samples retained pollutant concentrations that were 1.6 to 3.6
times higher than the acceptable values. The TSS content in all 12 samples met the
standard limit value requirement. The total N content was 3.3 to 4.2 times higher
(excepting the CF4 sample) and the total P content was 1.07 to 1.15 times higher
(excepting the CF4, CF8, CF9 and CF11 samples) than the standard limit values.
With 6 g biochar and 8 h reaction time, all four parameters adsorbed with 12
biochar samples were significantly reduced, producing water with concentrations
lower than the required limit according to the QCVN 40:2011/MONRE regula-
tion. The results showed that the biochar made from spent coffee grounds is a
potential sorbent to remove pollutants from livestock waste water.

Keywords: Adsorption capacity - Biochar - Coffee ground - Livestock
wastewater - Pollutants - Vietnam
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1 Introduction

Organic pollution from livestock wastewater is a major problem in many countries
because of its danger to the environment and human health [1]. Many technological
solutions to neutralize pollutants have been developed to protect the environment. Cur-
rently, wastewater treatment technologies are available to remove pollutants at various
scales and levels. However, none of them is optimal for all goals and economic conditions.
Many treatment methods have been successfully applied to many types of wastewater,
but they usually have high operating and maintenance costs, generate secondary toxins,
or involve complicated operations [2]. One of the most concerning issues is the need to
find alternative materials to support wastewater treatment technology. Biochar modified
from agricultural wastes or other carbon-rich materials is potentially a low-cost environ-
mental treatment material, particularly for organic pollution remediation [2]. Recently,
biochar has received a lot of attention worldwide when applied in wastewater treatment
thanks to its high adsorption efficiency and reusability. In addition, its production cost is
low and it is safe for the environment [1]. Many researchers have used biochar adsorp-
tion for organic pollutants [3], such as sulfamethoxazole [4], phenanthrene and triazine
pesticides [5], and heavy metals including mercury, lead and cadmium [6] from waste
water. Popular processes often used to synthesize biochar include pyrolysis, gasification,
and hydrothermal carbonization [1].

Coffee is a widely consumed drink with beans grown in more than 80 countries world-
wide, and is considered one of the most important goods in these countries [7]. The total
amount of coffee consumed worldwide exceeds 11 billion tons/year [7]. According to the
International Coffee Organization (ICO), the global coffee yield has steadily increased
during the last 150 years [8]. Coffee brew production is estimated at 151.6 million bags
(60 kg/bag) for 2015-2016, and coffee grounds have filled up large landfills [7]. It is
estimated that more than 4.4 million tons of brewed coffee waste are disposed of by
this industry every year [9]. Coffee grounds contain high levels of substances known
to be toxic to many life processes, such as acids, free phenols, caffeine, and tannins
(polyphenols) [10]. Coffee waste thus constitutes a source of serious environmental
problems in coffee-using countries [11]. Many authors have already reported that coffee
sub-products and their wastes could be used in many ways [12]. Biochar has been used as
a useful and economical material in many fields such as food additives, biogas, caffeine,
pectin, feeds, protein, antioxidants, beverages, enzymes, compost, and the production of
bioactive compounds [12]. According to some previous studies, protein content in cof-
fee grounds accounts for about 10%, pectin content for 52.62-55.14%, and cellulose for
15.29-17.04% of the mass of the grounds, which also have high carbon content (above
50%) [13]. Coffee grounds are a lignocellulosic material that can separate heavy metals
and dye in water based on their porous structure and cellulose composition. The surface
of carbonaceous materials contains many phenolic hydroxyl and carboxyl groups. In
cellulose materials, these groups play an important role in ion exchange, and studies of
treatment effectiveness indicated that the adsorption of pollutants depends upon the sur-
face polar groups on the carbonaceous materials [13]. Therefore, spent coffee grounds
are an effective material in the synthesis of biochar in order to remove pollution from
livestock wastewater.
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The livestock industry accounts for about 40% of global agricultural output, creating
jobs for more than 1.3 billion workers and supporting the livelihoods of more than 1
billion people in poor countries [1, 14]. Agricultural economic development associated
with large-scale livestock production is an important means to help farmers increase
their incomes [15]. Farming with large numbers of livestock will release large masses
of waste; the aquatic environment is seriously threatened by pollutants such as phos-
phorus, ammonium and heavy metals. In Vietnam, the total amount of livestock waste
produced is about 73 million tons/year, of which pig waste accounts for about 33.4% or
24.38 million tons/year, and 25-30 million cubic meters of liquid (liquid faeces, urine
and rinse water). Of this, about 50% of solid waste (36.5 million tons) and 80% of
liquid waste (20-24 million m>) are released directly into the environment or without
treatment, which causes serious environmental pollution [16]. Biochar’s potential as an
adsorption technology in wastewater treatment, especially for the low-risk handling of
typical pollutants in livestock wastewater, is a current focus of efforts to make agricul-
tural activity more environmentally sound. Many authors previously reported the result
that the typical pollutants in livestock wastewater, such as organic pollutants [17], heavy
metals [18], nitrogen, and phosphorus [19] could be adsorbed well by biochar. There-
fore, biochar can be used as a slow-release fertilizer and is a material with agricultural
environment-friendly characteristics [20].

According to the Ministry of Agriculture and Rural Development, the coffee-growing
area in Vietnam in 2014 was estimated at 653,000 hectares, and the output reached
1.49 million tons. Vietnam is an agricultural country with the second-largest coffee
export mass in the world (after Brazil). The total domestic consumption of coffee is
60,000 tons/year, of which instant coffee accounts for about 19,000 tons, roast/grind
coffee accounts for 35,000 tons, and the remainder is unbranded roast/grind coffee [21].
Spent coffee grounds are a carbon-rich material with many advantageous characteristics
[8, 9, 12]. Vietnamese scientists have carried out experiments on biochar mainly to
improve soil characteristics for agriculture [22-24]. Studies of biochar for pollutant
adsorption in Vietnam have included investigating the characteristics of biochar from
rice husk [25], biochar modified H3PO4 and NaOH for ammonium removal [26], the
fixation of pesticides such as propoxur by biochar [27], using biochar modified from
corn cobs to remove ammonium in mixture wastewater [28], etc. However, studies of
biochar’s utility for removing pollutants/organic pollution or pathogenic microorganisms
from livestock wastewater are very limited. From the above data, it can be seen that
Vietnam’s annual yield of coffee grounds is huge; they are usually discarded, wasting
a potential source of raw materials. To best utilize this strength of a third world coffee-
exporting nation, we propose the synthesis of biochar materials by the slow pyrolysis
method from spent coffee grounds to remove pollutants from livestock wastewater in an
eco-friendly manner. In this study, laboratory experiments were performed to survey the
removal potential of organic pollution from livestock wastewater by biochar pyrolysed
from spent coffee grounds.
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2 Materials and Methods

2.1 Preparation of Carbon Material from Spent Coffee Grounds by Pyrolysis

The coffee grounds used as raw materials were collected from a local company in Dak
Lak province (An Thai Development and Investment Joint Stock Company, Lot B03-04
— Hoa Phu Industrial Pack — Buon Ma Thuot City — Dak Lak Province — Viet Nam) and a
coffee shop in Ha Noi city (Titi Coffee Shop, No. 20 Vien Street, Duc Thang Ward, Bac
Tu Liem District, Ha Noi city, Viet Nam). The steps to collect raw material are described
in Fig. 1 and Fig. 2 as follows:

| Coffee beans |

l

Processing of instant coffee J

‘ Step 1 ‘

-

h
Collection of spent coffee grounds at
An Thai JSC

l Drying in sunlight for 3 days ‘

[ Laboratory l

l

| Raw material (1): 5kg |

‘ Step 6 H Step 5 ‘ ‘ Stcpﬂ | Step 3 | ‘Stcp

Fig. 1. Process of collecting raw material from the An Thai JSC

To remove the chemicals left in coffee grounds after brewing, the spent coffee grounds
were washed multiple times with water by centrifugation methods and then filtered [39].
Next, the raw material was mixed together thoroughly and then dried at 105 °C in an
oven for 10 h to evaporate the solvent completely. The pyrolysis of the material was
then conducted at 500 °C, 600 °C and 700 °C in the presence of nitrogen. The heating
rate of the furnace was set at 5 °C/min and temperature was maintained for 0.5 h,
1.5 h, 3 h and 6 h [30]. After the end of the pyrolysis phase, the material was manually
ground to enhance the homogeneity in the whole material. 12 types of biochar material
including CF1 (500 °C/0.5 h), CF2 (500 °C/1.5 h), CF3 (500 °C/3 h), CF4 (500 °C/6 h),
CF5 (600 °C/0.5 h), CF6 (600 °C/1.5 h), CF7 (600 °C/3 h), CF8 (600 °C/6 h), CF9
(700 °C/0.5 h), CF10 (700 °C/1.5 h), CF11 (700 °C/3 h), CF12 (700 °C/6 h) and a
control sample (raw spent coffee grounds) were prepared for further experiments. All
chemicals and reagents used in the current research were ordered from Merck with
A.C.S. certification.
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Fig. 2. Process of collecting raw material from Titi Coffee Shop

The collected materials were evaluated for their ability to remove pollutants (COD,
TSS, Total N and total P) based on three characteristics, including: (1) reaction time, (2)
adsorbed biochar weight and (3) effective adsorption.

2.2 Identification of Material Characteristics

The biochar material samples were characterized in the following manner: energy-
dispersive X-ray spectroscopy (EDX) was used to determine the elemental composition
of the material, and a scanning electron microscope (SEM) system was used to analyse
the surface size and morphology. The Brunauer Emmett Teller (BET) technique was used
to analyse the surface area and properties; the N2-BET surface area and properties of the
biochar samples were measured by Tristar 3000. A Fourier Transform Infrared Spec-
trometer (FTIR, TESOR II- BRUCKER, USA) was also used to record and determine
the surface functional groups on the sample.

2.3 Determination of the Adsorption Capacity of the Materials

Sampling and Chemical Analysis

The initial livestock wastewater was collected from a farm in Vinh Phu province and
preserved before experiments in the laboratory. The wastewater samples were immedi-
ately analyzed for contamination factors to determine the initial pollution concentrations
for COD, TSS, total N and total P. The analysis results in Table 1 showed that all four
parameters exceed the permitted values according to the Viet Nam national regulation
QCVN 40:2011/MONRE for industrial wastewater: COD concentrations exceeded their
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limit by a factor of 52, TSS by a factor of 2.7, Total N by a factor of 13.66 and total P
by a factor of 3.66.

Table 1. Analysis results of pollutants in the initial livestock wastewater sample

Parameter Unit Concentration Vietnam national standard Exceedance factor
40:2011/MONRE
COD mg/L | 7800 150 52
TSS mg/L 270 100 2.7
Total N mg/L 546.32 40 13.66
Total P mg/L 21.95 6 3.66
Experimental Setup

To determine the adsorption capacity and efficiency of the material, the raw livestock
wastewater was treated with 12 types of biochar samples at different reaction times of 1,
2,4 and 8 h. After the livestock wastewater was filtered through filtering columns made
from twelve types of biochar with various combinations of reaction time and biochar
mass, the treated wastewater sample was collected and analyzed for indicators of COD,
TSS, total N and total P.

The adsorption capacity qe(mg/g) at equilibrium time is determined by the formula
[31]:

ge = (Co — Ce.V/m) (1)

The adsorption efficiency H (%) at equilibrium time is determined by the formula
[32]:

H = (Co — Ce)/Co - 100(%) @)

where (. is the adsorption capacity at equilibrium (mg/g), C, is the initial concentra-
tion (mg/L), C, is the concentration at equilibrium (mg/L), V is the volume of solution
(L), and m is the mass of adsorbent material (g).

To study the effect of the reaction time, the concentration of the initial adsorbent
solution C, (mg/L), the adsorption volume (V = 100 mL), and the amount of the adsor-
bent (m = 4 g) were fixed, and the reaction time was varied with t = 1, 2, 4 and 8 h.
For asssesing the effect of the adsorbent mass, the concentration of the initial adsorbent
solution C, (mg/L), the adsorption volume (V = 100 mL), and the reaction time (t =
8 h) were fixed, and the amount of the adsorbent was changed with m =2, 4 and 6 g.

The pollution parameters were analyzed following the standard methods listed in
Table 2.
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Table 2. Standard methods of water analysis used in this study

Parameter Method
COD ISO 6060:1989
TSS 1SO 11923:1997

Total nitrogen 1SO10048: 1991
Total Phosphorus | ISO 6878:2004

The optimization experimental conditions are described in the chart as follows
(Fig. 3):

Optimization of temperature and time

12 types of
e material: e “
CPI -CFI 2 | [ 1ochar materia

. ifharacteristic of
Temperature: 500°C, 600°C, 700°C
Pyrolysis time: 0.5, 1.5, 3and 6 h

S . o |Assessment of|
Optimization of reaction lime ~ = ltreatment  efficiency
by reaction time |

Biochar weight: 4 gram
Reaction time: 1,2, 4and 8 h
Volume of waste water: 100 mL

?Asscssment of
——treatment  efficiency
by biochar weight

Optimization of biochar weight

Biochar weight: 2. 4, 6 gram
Reaction time: 8h
Vaolume of waste water: 100 mL

Fig. 3. Summary of optimization experimental conditions

3 Results and Discussion

3.1 Characteristics of the Biochar Samples

The selected properties of 12 biochar samples are listed in Table 3. The ash content
of all these sorbents was relatively high (>25%), especially CF4 (31.25%). The CF4
sample also had the largest BET surface area of the 12 tested biochar samples. The BET
surface area of the other samples was quite low, varying from 0.7917 to 1.2466 m?/g.
The results of elemental analysis showed high C content in all 12 biochars (over 80%).
The surface element contents in Table 3 showed that the CF4 biochar sample had a C
content of 90.61% on its surface, while the CF9 sample had the smallest surface C content
(80.58%). However, the CF9 sample had the highest O content (13.46%), indicating that
the CF9 sample may have the most functional oxygen groups.
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Table 3. Biochar physical and chemical properties

Biochars | Pyrolysis Ash content | BET surface | Surface elements
temperature (%) area (rnz/g) C (%) 0 (%) |N (%)
and time (°C)

CF1 500 °C/0.5 h 28.6 0.7917 84.55 9.98 391

CF2 500°C/1.5h 29.6 0.8564 84.61 9.06 4.82

CF3 500 °C/3 h 30.94 1.2466 84.65 9.53 4.06

CF4 500 °C/6 h 31.25 1.5016 90.61 6.86 1.41

CF5 600 °C/0.5 h 2742 1.085 83.29 10.10 3.92

CF6 600 °C/1.5h 27.57 0.9766 84.15 10.38 2.24

CF7 600 °C/3 h 27 0.7233 84.13 10.43 2.55

CF8 600 °C/6 h 26.55 0.8425 81.09 12.25 2.95

CF9 700 °C/0.5 h 25.11 0.956 80.58 13.46 3.29

CF10 700 °C/1.5h 25.51 1.1071 81.76 12.73 2.62

CF11 700 °C/3 h 26,41 1.1602 81.63 12.79 2.94

CF12 700 °C/6 h 25.30 1.0569 80.97 11.26 3.76

SEM images of the material structures were consistent with some previously pub-
lished studies [17, 33-36]. The SEM micrographs (Fig. 5, 6 and 7) of the 12 biochar
samples showed that their structures were homogeneous and differed little from each
other. It was also observed that the biochar samples had pores in them, appearing in
microporous form, which did not exist in the raw material (Fig. 4). The raw material has
a dense material surface without porous structure and lacking in cellulose fibres. Most
biochar samples produced from carbonized coffee grounds have many large-diameter
pores on their rough surfaces. However, the CF4 biochar sample showed a significant
difference in the surface structure compared to the remaining biochar samples: its porous
surface structure was observed to be the most homogeneous among the 12 samples. CF4
is the sample with the highest C surface content (90.61%). The rough surface and porous
structure with small channels of these biochars can be clearly observed and may have
been either produced during the pyrolysis process or a characteristic of the raw material
[34]. These characteristics will strongly affect their adsorption properties [33, 34]. It is
also shown that biochar materials have better adsorption capacity than raw materials.

The FTIR results of the 12 biochar samples are shown in Fig. 5, 6 and 7. The spectra
of sample groups pyrolysed at different temperatures clearly differ from each other. In
this study, the adsorption spectra of 12 biochar samples varied from 400 to 4000 cm™!.
All samples show spectral features associated with bonds such as C=0, O-H, C-C, C=C,
etc. Due to high C contents of over 80%, the FTIR spectra of all 12 samples show
peaks in the range from 3423 to 3434 cm™! for adsorption groups of O=H. The C=C
groups also appeared in most samples, with a peak at 1623 to 1628 cm~! (CF2, CF4
and CF5-CF8); the CF1 and CF3 samples appeared to show C=C adsorption groups
as a peak at 1574—1583 cm~'. However, the biochar samples pyrolysed from coffee



Initial Results of Using Biochar Derived from Spent Coffee Grounds 313

ssul &im?sdnig }
g b \ -~

ITT- VKTND -

s Hz
# D561
= |EF3 2924 1574
=

129

870 561

% cF2 204 1526
w

3429
=
] BI6
~ |CGF

T T T r r T T T 2
4000 3600 3200 2800 2400 2000 1800 1200 BOO 400
Wavenumber (cm™)

Fig. 5. SEM images and FTIR spectra of biochar samples pyrolysed from spent coffee grounds
at 500 °C

grounds at 500 °C also show the adsorption groups of a C-H stretch (peak at 2918—
2924 cm~!), C-H aromatics (out-of-plane bend, peak at 873—-876 cm™!), C-CI groups
(peak at 561-568 cm~!) and N=O (peak at 1372-1423 cm~!). Moreover, adsorption
groups in biochar samples pyrolysed from coffee grounds at 700 °C are observed that
appear in the 1000-1400 cm~! band for C-F bonds. Finally, of the biochar samples
pyrolysed from coffee grounds at 600 °C, only the CF8 sample contains adsorption
groups of C-F (1089 cm™!) and C-Cl (596 cm™!). These results indicated that pyrolysis
time and temperature significantly affected the material characteristics. Some authors
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Fig. 7. SEM images and FTIR spectra of biochar samples pyrolysed from spent coffee grounds
at 700 °C

have reported that the combination of micropores with larger pores [35] will lead to an
increase in porous structure and decrease in surface area; therefore adsorption capacity
for pollutants increased accordingly [35].

3.2 Effect of the Reaction Time

The concentrations of COD, TSS, total N and total P before and after adsorption by
the 12 biochar samples are shown in Fig. 8 and Table 4. The differing results of COD,
TSS, total N and total P were analysed in 12 different biochar samples, showing that the
biochar had complex compositions. These results are consistent with the FTIR results
obtained for the material characteristics. After different reaction times (from 1 to 8 h),
the COD contents of almost all samples were significantly reduced (Fig. 7). The fastest
reduction efficiency was recorded after 1 h of treatment; the reduction speed tended to
slow down after 2 to 4 h and reached the highest efficiency after 8 h. The amount of
COD adsorbed by the CF4 biochar sample was highest (98.08%) at the reaction time of



Initial Results of Using Biochar Derived from Spent Coffee Grounds 315

8 h and lowest (47.18%) after 1 h adsorbed with CF12 biochar. However, only the COD
parameter in the sample treated with the CF4 biochar sample for 8 h met the output
requirements according to the Viet Nam standard QCVN 40:2011/MONRE - national
regulation on industrial wastewater. The other samples remained 1.6 to 3.6 times higher
than the standard limit values.

Figure 8 and Table 4 shows the TSS analysis results after adsorption onto the biochar
samples. The results showed that when the reaction time was altered from 1, 2, or 4 h to
8 h, the capacity of the 12 biochar samples to adsorb the TSS increased, removing colour
and clear contaminants in wastewater. As seen for the COD parameter, the adsorption
efficiency of TSS reached its highest value after 8 h, the fastest adsorption efficiency was
obtained at the reaction time of 1 h. Between 2 h and 4 h, the adsorption speed decreased.
The TSS content of wastewater treated with all 12 biochar samples after adsorption met
the output requirements according to the QCVN 40:2011/MONRE standard. Of these,
the CF4 biochar sample was observed to have the highest adsorption efficiency (95.56%)
at 8 h while the lowest value was observed for the CF12 sample (63.7%) at 1 h. The
remaining samples showed reductions in TSS content varying from 67.78% (CF5) to
93.7% (CF6) after 1 and 8 h adsorption, respectively.

Compared to pollutant parameters in the initial wastewater, the total N concentrations
of all water samples after adsorption onto biochar were reduced significantly at a reaction
time of 1 h. Between 2 h and 4 h, the reaction speed slowed. The total N value of the
CF4 biochar water sample was reduced with the highest adsorption efficiency (93.16%)
at a reaction time 8 h, while the lowest adsorption efficiency (25.56%) was observed
in the CF3 sample at a reaction time of 1 h. Only the total N value obtained from the
CF4 biochar sample after 8 h met the output requirements according to the Viet Nam
standard QCVN 40:2011/MONRE, similar to the COD parameter results. The other 11
water samples had total N values 3.3 to 4.2 times higher than the standard limit values.

Results of the experiments to assess the effect of reaction time on total P are shown
in Fig. 7. As with COD, TSS and total N, total P decreases significantly after a reaction
time of 1 h. At 2 h, a further decrease is only observed in some samples (CF6, 7, 8 and
CF10). At 4 h reaction time, the adsorption speed also decreased. Adsorption efficiency
of total P increased significantly and reached its maximum (77.04%) after 8 h in the CF4
sample. The lowest result (15.44%) was obtained from the CF12 sample at 1 h reaction
time. However, the total P parameter in biochar samples differed significantly from other
parameters such as COD, TSS and total N. The total P parameter concentrations in the
CF4, CF8, CF9 and CF11 samples was lower than the QCVN 40:2011/MONRE limit
values, and the other samples (CF1 to CF3, CF5 to CF7, CF10, CF12) were 1.07 to 1.15
times higher than the standard limit values.

The reaction time in a batch sorption process is an important parameter in determining
the capacity of a sorbent. The longer the adsorption time, the higher the processing
efficiency [33]. The adsorption capacity (qe) of the pollutants changed with the reaction
time as shown in Table 5. It can be clearly seen that when increasing the reaction time,
the adsorption capacity for these pollutants increased as well. A similar result was found
for adsorption efficiency. The result in Table 5 shows that the adsorption capacity of the
COD parameter reached a maximum of 191.2 mg/g for the CF4 sample at 8 h, and a
minimum of 92 mg/g for the CF12 sample at 1 h. Similarly, the adsorption capacity of
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TSS also reached 6.45 mg/g (CF4 sample) at 8 h and 4.3 mg/g (CF12 sample) at 1 h.
Total N adsorption capacity reached as high as 12.725 mg/g when adsorbed with the
CF4 biochar sample for 8 h, and as low as 3.492 mg/g with the CF3 biochar sample at
1 h. The adsorption capacity of total P is also similar to the above three parameters: the
highest adsorption capacity value is 0.423 mg/g for the CF4 sample at 8 h and the lowest
value observed is 0.085 mg/g for the CF12 sample at 1 h.

Different biochar types exhibit different adsorption capacities for pollutants with
different reaction times. However, all biochar samples in this study had an adsorption
capacity which allowed removal of pollutants in the livestock wastewater sample. In the
three groups of biochar materials, the group of materials pyrolysed from spent coffee
grounds at 500 °C has the highest adsorption efficiency, followed by the 600 °C group
and finally the 700 °C group. Moreover, this result is consistent with results obtained



Initial Results of Using Biochar Derived from Spent Coffee Grounds

317

Table 4. The adsorption efficiency (H%) of COD, TSS, total N (¥N) and total P (XP) by 12
biochar samples

H (%)
CFl |CF2 |CF3 |CF4 CF5 |CF6 |CF7 |CF8 'CF9 |CF10|CFll CFI2

COD | 55.90 | 62.56 | 55.38  80.76 | 56.41 | 64.62  58.46 67.69 5538 61.54|65.64 47.18

1h

COD | 85.38 | 84.62 | 86.15  88.01 80.00 |86.15 85.38 80.00 85.64 | 87.69 |85.38 62.18

2h

COD | 94.36 | 93.08 | 91.79  94.36 | 85.38 |92.05  88.72  88.72  90.77 | 92.56 | 93.08 | 85.38

4h

COD | 9436 | 95.38 | 95.38 | 98.08 | 93.08 | 94.87 93.08 94.87  93.85 96.92 | 97.69  93.08

8h

TSS | 72.96 | 74.81|70.37  83.70 | 67.78 | 71.11|77.78 | 79.26 | 72.22 | 75.19 | 75.56 | 63.70

1h

TSS | 89.63 | 87.04 | 86.30  89.63 |78.52  86.30 | 90.37 | 82.96 86.30 85.93 83.33 | 86.67

2h

TSS 1 90.37 | 88.89 | 86.67  91.48 87.04 92.22 | 91.11 84.07  88.89 90.74 86.67  89.63

4h

TSS 190.74 9333 93.33 | 95.56 | 91.85  93.70 | 91.85 | 92.59 | 90.00 92.59  92.59 |90.37

8h

N | 27.56 33.42 2557 49.50 30.64 | 47.01 33.21 36.54 29.65 28.70 47.00  25.60

1h

TN [52.82 42.06 47.70 | 64.04 44.01 61.86 6532 60.50 | 48.83 62.35 60.50 43.88

2h

EN | 69.8569.83|67.33 82.48 70.57 | 65.87 70.57 63.84 65.3265.29 69.84 64.16

4h

N 7132 73.30 74.63 | 93.17 | 75.30 | 71.10 | 74.63 | 71.36 | 71.69  69.82 | 82.29 69.18

8h

TP | 19.95 23.14 17.81 51.98|17.90 23.74 15.90 23.28 28.11 24.19 47.79 | 15.44

1h

SP 2875 37.86 28.75 5831 |23.69 56.54 56.40 32.67  52.35 55.08 52.48|28.29

2h

TP | 62.60 62.00 62.51 6137 61.69 61.14 60.82 57.95|61.50 60.96 62.87 56.08

4h

P | 75.13 7335|6597 77.04 6834|7649 6843 72.67 73.99 | 76.54 | 72.85 68.43

8h
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for the adsorption capacity of biochar by Cui et al. [33] and Hirata et al. (2002) [13,
33]. According to Cui et al. [33], the surface functional groups such as O-H, C-H, C=0,
C-C, etc. on the biochar material have a strong influence on ion adsorption capacity and
therefore enhance their adsorption efficiency [33]. Hirata et al. (2002) indicated that the
surface area contains many functional groups such as O-H and C-O, and a specific surface
area of less than 1 m?/g will easily remove pollutants [13] due to the polarized surface
and the large base consumption level of these materials. The fact that the C content is
over 80% in all biochar samples shows that the adsorption mechanisms are based on the
amounts of organic pollutants adsorbed and the properties of the carbonaceous material.

3.3 Effect of Adsorbent Material Mass

The effect of reaction time on pollutant removal was investigated for four time values
from 1 h to 8 h. The results showed that the adsorption capacity of material increased
with longer reaction times from 1 h to 8 h. Atareaction time of 8 h, the highest efficiency
for pollutant removal was achieved. Thus, 8 h was chosen as the optimum reaction time
and used in the subsequent experiments. The initial livestock wastewater was adsorbed
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Fig. 9. Changes in adsorption capacity of (a) COD, (b) TSS, (c) total N and (d) total P parameters
adsorbed with biochar at the adsorbent material masses of 2, 4 and 6 g.
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Table 6. The adsorption efficiency (H%) of COD, TSS, total N (XN) and total P (XP) by 12
biochar samples

H (%)
CF1 CF2 |CF3 |CF4 |CF5 |CF6 |CF7 |CF8 |CF9 |CF10 | CF11 | CF12
COD | 94.36 | 95.38 1 95.38 | 94.36 | 96.41 | 93.85 | 90.00 | 94.36 | 90.77 | 95.38 | 97.69 | 93.85

COD | 98.21 | 97.9597.69 | 97.13 | 97.95 | 94.87 | 94.36 | 94.87 | 94.62 | 96.92 | 97.95 | 97.18

COD | 98.36 | 98.36 | 98.36 | 98.77 | 98.72 | 98.36 | 98.46 | 98.18 | 98.59 | 98.67 | 98.56 | 98.36

TSS 190.74 | 89.63 | 87.41 | 92.59 | 90.74 | 90.00 | 91.11 | 91.48 | 88.89 | 90.74 | 91.85 | 90.37

TSS 96.67 | 95.19 |96.67 | 97.04 | 95.93 | 96.30 | 95.19 | 96.30 | 95.56 | 96.30 | 96.67 | 96.30

TSS 96.67 |95.19 | 96.67 | 97.04 | 95.93 | 96.30 | 95.19 | 96.30 | 95.56 | 96.30 | 96.67 | 96.30

XN 169.3571.17 | 74.63 | 71.36 | 74.48 | 65.87 | 65.14 | 69.84 | 65.32 | 69.82 | 74.79 | 69.18

XN |73.3073.30 | 74.97 | 81.92 | 76.03 | 68.06 | 69.13 | 73.30 | 70.71 | 71.11 | 76.66 | 76.05

XN | 7495|7640 76.19 | 93.84 | 76.26 | 76.43 | 70.91 | 76.19 | 74.26 | 76.28 | 77.54 | 79.78

XP 62.60 64.24 | 65.97 | 68.34 | 59.23 | 62.82 | 56.40 | 61.37 | 54.26 | 62.87 | 63.37 | 63.87

P |77.7281.69 | 82.19 | 81.59 | 81.09 | 70.80 | 68.11 | 71.98 | 72.76 | 74.17 | 76.49 | 77.36

XP | 83.1982.82 |83.92 | 84.65 | 82.28 | 82.92 | 81.82 | 82.78 | 81.50 | 80.59 | 81.05 | 82.23

onto biochar masses of 2, 4 or 6 g over 8 h. The experimental results are shown in
Fig. 9 and in Tables 6 and 7. As with reaction time, the solid/solution ratio in a batch
sorption process is an important parameter determining the capacity of adsorption of
pollutants. The results of this study showed that when the adsorbent material weight was
increased from 2 g to 6 g (weight/volume) with a reaction time of 8 h, the adsorption
capacity/efficiency for pollutants (COD, TSS, total N and total P) increased accordingly.

With different adsorbent masses (from 2 g to 6 g) and after a reaction time of 8 h, the
adsorption capacity with all four parameters of the 12 biochar samples were significantly
reduced (Fig. 9). The maximum reduction efficiency was found for the adsorbent mass
of 6 g, with lower reduction efficiency for 4 g and lowest for 2 g. Unlike the results
for different reaction times, adsorption with 6 g of material for all 12 biochar samples
produced water with concentrations lower than the wastewater limit values for all four
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parameters. The highest COD adsorption capacity was found for 2 g of the CF11 biochar
sample (381 mg/g), and the lowest for 6 g of the CF8 sample (127.63 mg/g). As seen for
the COD parameter, the adsorption capacity of TSS content was highest for 2 g of CF4
material (12.5 mg/g) and lowest for 6 g of adsorbent material (4.333 mg/g). The total N
and P parameters showed maximum adsorption capacities of 20.429 mg/g (CF11) and
0.75 mg/g (CF4) on 2 g of biochar, and minimum adsorption capacities of 6.456 mg/g
(CF7) and 0.295 mg/g (CF10) on 6 g of biochar, respectively.

The analysis results showed that the removal of these pollutants increased as the
weight of the adsorbent increased. This result is consistent with some previous results
obtained for the adsorption capacity of biochar with different substrates, such as pesti-
cides, heavy metal, textile dye, ions (NH4*, PO43’), etc. [4, 18, 20, 35]. Zheng et al.
(2010) assessed the absorption ability for two pesticides (triazine—atrazine and simazine)
by unmodified biochar. The analysis parameters included contact time, solution pH, par-
ticle size and solid/solution ratio [4]. The authors showed that adsorption affinity for
the two pesticides increased from 451 to 1158 mg/kg and from 243 to 1066 mg/kg,
respectively, when the solid/solution ratio decreased from 1:50 to 1:1000 (g/mL) [4].
The results obtained by Yao et al. [20] showed that nanoscale MgO (periclase) particles
provided the main adsorption sites on biochar surfaces for phosphate in solution [20].
Vu et al. (2017) used a modified biochar material synthesized from corn cobs to remove
ammonium from synthetic water in which the ammonium concentration varied from 10
to 100 mg/L. The research results showed that when the weight/volume ratio decreased
from 1:1 to 1:5, the adsorption capacity for ammonium increased accordingly [35]. The
sorption capacity of Hg(Il) in water by two biochar samples synthesized from bagasse
and hickory chips was assessed by Xu et al. [18]. The results showed that the sorption of
Hg(II) metal can be conducted by functional group complexation on the biochar surface,
ion exchange adsorption or co-precipitation with mineral [18].

Furthermore, the results of SEM images and FTIR spectra in this study also indicated
that carbonaceous materials have many carboxyl and phenolic hydroxyl groups on the
surface area combined with a porous structure. This property leads to a high organic
pollutant adsorption capacity, influenced by the interaction between pollutants and the
surface or pores of carbon materials or by interactions with functional groups [4]. There-
fore, the different sorption mechanisms occurred on carbonized and non-carbonized
phases of biochar [37, 38]. These results in currently study showed that the CF4 biochar
sample is the highest adsorption capacity with all 4 pollutant parameters. These results
of the current study showed that the CF4 biochar sample has the highest adsorption
capacity for all four pollutant parameters. There is a high potential that biochar material
pyrolysed from coffee grounds could become a suitable activated carbon for removal of
organic pollution from livestock wastewater. However, it is necessary to fully analyze
other characteristics of this material such as TEM (Transmission Electron Microscopy),
sorption isotherms, the effect of particle size on sorption kinetics, etc. to find out the
optimal pyrolysis conditions to produce biochar material. In addition, reaction time and
the biochar mass also need to be fully studied to find out the optimal experimental
conditions in which the adsorption efficiency is maximized.
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4 Conclusion

The results of this study showed that when increasing the reaction time and adsorbent
mass, the adsorption efficiency for COD, TSS, total N and total P increased accord-
ingly. The greatest removal of pollutants was achieved at a reaction time 8 h with
adsorbed biochar weight of 6 g. It can be clearly seen that the CF4 sample performed
the best in removing contaminated substances from wastewater. At a reaction time of
8 h with a biochar mass of 4 g, only the COD parameter as adsorbed by the CF4
biochar sample met the output requirements following the Vietnam national regulation
QCVN 40:2011/MONRE on industrial wastewater; the other 11 wastewater samples had
concentrations 1.6 to 3.6 times higher than the standard limit values. Three remaining
parameters including TSS, total N and total P exhibited different biochar adsorption
capacities at different reaction times: the TSS parameter met the standard limit require-
ments in all samples, total N was 3.3 to 4.2 times higher than its limit (except for the
CF4-treated sample) and total P was 1.07 to 1.15 times higher than the standard limit
values (except for samples treated with the CF4, CF8, CF9 and CF11 biochars). When
an adsorbent mass of 6 g and a reaction time of 8 h were used, all four parameters
adsorbed with 12 biochar samples were significantly reduced in concentration, and the
output values were all lower than the standard limits. Therefore, this application can be
extended to treating other types of wastewater. The results showed that the biochar from
spent coffee grounds is a potential sorbent to remove pollutants from livestock wastew-
ater. However, further studies on the optimal temperature conditions to produce biochar
material, desorption/adsorption, etc., need to be fully conducted before application.
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