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Abstract

Biochar derived from waste has been increasingly considered as a potential green adsorbent
due to its significant ability and affordable production costs. This study prepared and
evaluated 7 types of food waste-based biochars (FWBBs) (including meat and bone, starchy
staples, leafy stemmed vegetables, nut husks, fruit pericarp, bean dreg and tea leaves). The
impacts of raw materials, pyrolysis temperatures (300, 400, 500, 600 and 700 °C), and
residence time (2 h and 4 h) on the removal of ammonia nitrogen at different ammonia
nitrogen concentrations (5, 10, 20, 50, 100, 150 mg/L) were investigated. The batch
equilibrium and kinetic experiments confirmed that a FWBB dosage of 3 g/L at 25°C could
remove up to 92.67% ammonia nitrogen. The Langmuir isotherm model had the best fit to
equilibrium experimental data with a maximum adsorption capacity of 7.174 mg/g at 25-C.

The pseudo-second order kinetic model well describes the ammonia nitrogen adsorption.

Keynote: Food waste based biochars, green adsorbent, ammonia nitrogen removal, aqueous

solutions

1. Introduction

Food waste (FW) is a major component of municipal solid waste, and it mainly includes
materials intended for human consumption that are subsequently discharged, lost, degraded or
contaminated which contain a large amount of organic compounds (Girotto et al., 2015). With
increasing amounts of food waste output in China, this has become a serious environmental
problem. Recent data, for the annual output of food waste in China is about 400 million tons,
accounting for about 60% of the total production of domestic waste, with the treatment rate

being less than 5%. Low treatment rates for abundant food waste have contributed to large



volumes dumped in landfill causing bad odor, flies and vermin (Ahmed & Gupta, 2010).
Inappropriate dumping of food waste has also led to an increase in different gaseous
emissions, landfill leachate precipitation, and other environmental problems which could
contaminate surface water and groundwater. As a result, a ‘green’ measure is required to:
firstly, provide a more sustainable solution when managing food waste; and secondly,

alleviate the burden regarding these unsustainable rates and consumption of resources.

Economic development and improvements in people’s living standards have increased
significant amounts of wastewater which means that pollutants such as organic matter,
nutrients, heavy metals, etc., end up in receiving water sources. Thus, nutrients in water will
become overloaded and contribute to a brief frenzy of algal growth which in turn depletes
dissolves oxygen in the water. This induces death in many aquatic animals, such as fish,
shrimp and crab species. Water eutrophication has subsequently become a major
environmental problem in China. For this reason it is imperative and urgent to develop

methods that can remove nitrogen from wastewater.

Recently, biomass as one of the recycle materials owing to high carbon content has been used
to produce fuel and energy, such as biogas, biooil and biochar (Samar Elkhalif, 2019).
Biochar is produced by a series of pyrolysis processes where oxygen is absent at high
temperature ranging from 300 to 700°C. Furthermore, (Akdeniz, 2019) suggests biochar is a
new type of adsorbent which is light in weight, with a porous and aromatic structure
characterized by biological resistance and thermal stability (Godlewska et al., 2017; Spokas et

al., 2011; Yu et al., 2018), which has a potential capacity for adsorption of nutrients, heavy



metal and organic pollutants from municipal, agricultural and industrial waste waters (Jia et
al., 2018; Komnitsas et al., 2015; Xu et al., 2019). Compared to activated carbon, biochar is a
new type of adsorbent in which the preparation method is simple, especially the cheaper cost
for preparation and ensuring energy efficiency. The raw materials for making biochar are
typically agricultural waste, such as straw and rice husks. The use of agricultural waste as a
raw material for the production of biochar saves energy consumption and furthermore reduces

the wastage of biomass resources (Thines et al., 2017; Yavari et al., 2017).

The novelty of this study can be seen from discovering a new type of adsorbent made from
food waste to removing ammonia nitrogen from aqueous solution and to meet the recycle
demands of waste resources. Seven types of food waste were collected as raw materials to
produce biochars for functioning as a sorbent for NH,-N adsorption. This research also
compares different preparation methods/conditions for optimization, and determines the best

raw materials for biochars in terms of adsorption efficiency and economic cost-effectiveness.

2. Materials and methods

2.1 Food waste sampling

The food waste sample was collected from the first canteen of TCU (Tianjin Chengjian
University). The sampling was done every day at lunch time for two weeks. The food waste
samples were then classified into 7 types, these being: meat and bone (e.g., pork, beef,
chicken, fish, shrimp and their bone), starchy staples (e.g., rive, noodles, steamed bun, bread
and rice noodles), stems/leaty vegetables (e.g., cabbage, cauliflower, rape, broccoli), nut

husks (e.g., chestnut shell, seed shell, peanut coat, walnut peel), fruit pericarp (e.g., orange



peel, pineapple peel, sugarcane skin), bean dregs, and tea leaves.

2.2 Food waste biochar preparation

The food waste was dried outside for 48 hours and then put into an oven at 105°C for 24 hrs.
Pyrolysis at the muffle furnace residence time lasted 2 and 4 hours, heating rate of 5°C/min,
and setting the pyrolysis temperatures at 300, 400, 500, 600 and 700 °C. The biochar was
milled with a mortar and pestle, and put through a 100-mesh sieve. The biochars obtained
from the 7 different feedstocks were designated as follows: fruit pericarp biochar (FPB), nut
husk biochar (NHBC), bean dreg biochar (BDBC), tea leaves biochar (TLBC), stems/leafy
vegetables biochar (SLVBC), starchy staples biochar (SSBC), and meat and bone biochar
(MBBC).

2.3 Food waste biochar characterization

The carbon, hydrogen and nitrogen of raw materials and food waste biochar content samples
were analyzed using an Elemental Analyzer (vario EI cube), whereas oxygen content was
determined by mass balance: O = 100 - (C + H + N + ash)(Li et al., 2018). Thermal
Gravimetric Analyzer (TGA, STA449F3) served to investigate the thermal behavior of the
raw materials of food waste biochar. The functional groups were detected employing the KBr
tableting method with biochar samples subjected to Fourier-transform infrared spectroscopy
(FTIR, Thermo Fisher Is10) and the spectra ranged from 4000 to 400 cm!. The Scanning
Electron Microscopy (SEM, JSM-7800F) provided morphological information on the surface
of the sample and its composition. The surface area and pore size distribution were
determined utilizing the Brunauer-Emmett-Teller (BET, Micromeritics TriStar II 3020)
method. This helped to determine the nitrogen (N ,) adsorption/desorption at 77K using a

surface and pore size distribution. The pH levels of biochar samples were measured using a



pH meter, biochar and distilled water with a mixing ratio of 1:20 shaken for 2 hours at a speed
of 150 rpm. The biochar surface potential was detected by ZETA Analyzer.1 g of biochar and
20 mL deionized water were mixed in a 50 mL centrifugal tube. The pH values of mixture
was adjusted between 2 and 12 using 0.1 mol/L HCI and 0.1mol/L NaOH. It was then shaken

at 25 ‘C for 2 hours. The zeta potential of the biochars were measured.

2.4 Batch adsorption experiments
2.4.1 Adsorption kinetics

0.1 g biochar was weighted in the centrifugal tube, and the NH4Cl solution 10 ml with
ammonia nitrogen concentrations were 5, 10, 20, 50, 100 and 150 mg/L, respectively.
These were then added to each centrifugal tube. The biochar mixtures were put in an
incubator shaker setting temperature at 25°C, shook at a speed of 150 rpm for 24 hrs and then
put through a 0.45 um filter membrane. Finally, the concentration of the ammonia nitrogen in
filtered liquor was measured using the colorimetric method. The experiments were carried out
in triplicate, and the collected data was averaged.
Calculation of ammonia nitrogen adsorption by biochar in equilibrium meant using equation
(1) ge (mg * g1
qe=(Co-Ce)/M xV (1)
where; C , and C . (mg-L ') were the initial and equilibrium NH 4+ -N concentration in
solution, respectively; ge (mg-g ') was the adsorbed amount of NH 4" -N at equilibrium, V(L)

was the volume of solution used, and M(g) the mass of biochar.

2.4.2 Adsorption isotherms



0.1 g biochar was weighted in the centrifugal tube, and the NH,4Cl solution 10 ml and an
ammonia nitrogen concentration of 150 mg/L was added. The biochar mixtures were put in an
incubator shaker setting temperature at 25°C, shook at a speed of 150 rpm for 5, 15, 30, 60,
120, 240, 480, 960, 1440, and 2880 min and then put through a 0.45 um filter membrane.
Here the HJ535-2009 Na reagent spectrophotometry helped to determine the concentration of
ammonia nitrogen in the filter. The adsorption amount of biochar to ammonia nitrogen was
calculated using equation (2) q; (mg/g)
q=(C,-Co)/M xV (2)
where ; C ,and C ; (mg-L ') are the initial and time t NH 4 -N concentration in solution,
respectively; q; (mg-g ') was the adsorbed amount of NH 4 -N at time t, V(L) was the

volume of solution used, and M(g) the mass of biochar.

2.4.3 Adsorption thermodynamics

To investigate the thermodynamics study of ammonia nitrogen adsorption onto the biochar,
0.1 g biochar was weighted in the centrifugal tube, and 10 ml NH4ClI solution with initial
ammonia nitrogen concentration of 150 mg/L was added and shook at a speed of 150 rpm at
a temperature of 15, 25, 35°C respectively for 24 h to reach the equilibration. From four
parameters of the equilibrium data: Gibb's free energy change (AG®), enthalpy change (AH®),
entropy change (AS®) and thermodynamics constant (K ¢) were calculated. The
thermodynamic equilibrium constant K ¢, is given by the equation:
K ¢ =(C,-C,)/C, 3)
where: C , and C . (mg-L ') are the initial and equilibrium NH 4" -N concentration in

solution, respectively;



The AG® was related to the K ¢ by the equation:

AG°=—RTInK (4)
where; T is the temperature (K), R is the universal gas constant (8.314 J mol "' K 1)
According to van't Hoff's thermodynamics equation, the values of A S° and AH® were
respectively obtained from the intercept and slope of the plot between InK and 1/T (van't

Hoftplot) by the equation:

AGo=AH°-TAS° (5)
InK =— AH/R(1/T)+ A S°/R (6)
2. 5. Effect of pH

The amount of 0.1 g biochar was weighted in the centrifugal tube, and a NH4Cl solution
10 ml with ammonia nitrogen concentration of 150 mg/L. was added. The initial pH values
were adjusted to 3,5,7,9 and 11 with HCI, and NaOH. The biochar mixtures were put in an
incubator shaker setting temperature at 25°C, shook at a speed of 150 rpm for 24 hrs and then
put through a 0.45 um filter membrane. Finally, the concentration of ammonia nitrogen in the
filtered liquor was measured. The removal rate of ammonia nitrogen was calculated by
formula (7), and the effect of initial pH value of solution on adsorption was investigated.
Subsequently the optimum pH value was determined as follows:
w=(C,-C,)/Cx100% 7
where; C ;, and C . (mg-L ~!) are the initial and equilibrium NH 4* -N concentration in solution,
respectively; and w is the removal rate of ammonia nitrogen.
2. 6 Effect of dosage of biochar
The following amounts - 0.1 g, 0.2 g, 0.3g,0.5 g, 0.8 g, 1.0 g, 2.0, 3.0 and 4.0 biochar - were

weighted in the centrifugal tube, respectively, and the NH4CI solution at 10 ml with an



ammonia nitrogen concentration of 150 mg/L was added. The biochar mixtures were put in an
incubator shaker setting temperature at 25°C, shook at a speed of 150 rpm for 24 hrs and then
put through a 0.45um filter membrane. Finally, the concentration of the ammonia nitrogen in
the filtered liquor was measured. Using equation (1) helped to calculate the adsorption
amount of ammonia nitrogen in equilibrium, the efficiency in removing ammonia nitrogen
was calculated by equation (7), the effect of the biochar dosage on the adsorption was
investigated, and the optimum biochar dosage was determined.

2.7 Effect of temperature

The procedure was as same as Section 2.4.3. The solution was then filtered through the
0.45um filter membrane and its ammonia nitrogen was analyzed. The ammonia nitrogen
removal efficiency W was calculated by formula (2), the effect of temperature on adsorption

was investigated, and the optimum adsorption temperature was determined.

3. Results and discussion

3.1 Characterization study

3.1.1 Raw material properties

In order to analyze characteristics of the best raw materials, the chemical compositions of
these materials are listed in Table 1. The pH of raw materials ranged from 4.76 to 6.37, which
was consistent with the findings of a previous study (Vassilev et al., 2010). It was found that
the raw biomass remained weakly acidic or neutral. Based on the elemental analysis, it can be
seen that all of these raw materials, except for meat and bone, were rich in carbon content
ranging from 42% to 49%. For meat and bone, carbon content and fixed carbon are less than

that of the other raw materials. Furthermore, higher carbon content is more suitable for the



preparation of biochar. Alternatively, the ash of meat and bone is also the largest and it
contains a higher mineral composition, which is not suitable for the preparation of biochar.
On the other hand, the raw materials C% >45 biological carbon such as fruit pericarp, bean
dreg, tea leaves, and nut husks have an adsorption capacity that is better than the others.
Studied shows that fixed carbon is an important agent for the preparation of biochar (Dhyani
& Bhaskar, 2017).

Table 1

Table 2 indicates that the pyrolysis condition and especially maximum pyrolysis temperature
during biochar preparation do exert a large impact on the biochars’ physical and chemical
characteristics (Sun et al., 2014; Tang et al., 2019). Generally, with pyrolysis temperature
increasing from 300 to 700 °C, carbon content increased from 55% to 89%; meanwhile
oxygen and hydrogen content declined from 27% to 3%, and 6% to 1%, respectively. The
exception in this case was MBBC, where carbon content decreased from 37% to 24%. For
FPBC, NHBC, TFBC the carbon content increased while the oxygen contents decreased as
temperature rose; however, the BDBC, SLVBC, SSBC reached their maximum carbon and
oxygen contents at 500°C and then remained stable.

Table 2

As shown in Figure 1, the Van Krevelen diagram, devised by Dirk van Krevelen in 1950
(Krevelen, 1950), can serve to show atomic ratios that evolved in the biochar produced at
different pyrolysis temperatures. These served to describe the progression of the carbonization
process. The atomic ratios H/C, O/C and (N+O)/C have been used to estimate the aromaticity,
hydrophilicity and polarity of biochars. When the temperature increased from 300°C to 700°C,

the H/C and (N+O)/C ratios of the biochar decreased, which indicated there was lower
10



aromaticity and higher polarity for the biochars produced at 300 °C compared to at 700 °C,
respectively. This change was due to the surface polar functional groups being removed and
the formation of aromatic structures for biochar being produced at a higher pyrolysis
temperature (Jung et al., 2016; Xu et al., 2019). From Figure 1, the biochar pyrolysis at 300°C,
BDBC with the larger H/C ratio would be expected to have less aromaticity; NHBC and
TFBC with a larger O/C ratio would be expected to have more polarity. Thus, the temperature
of biochar’s preparation of this study was lower than that of other biochars (Kizito et al., 2015;
Lietal., 2018; Takaya et al.,2016).

Figure 1

3.1.2 Biochar characteristics

Table 3 summarizes the characteristics of the food waste-based biochar. The pyrolysis
temperature had an effect on the biochars’ physico-chemical properties such as pH, surface
charge, elemental composition, ash content, volatile matter content, fixed carbon content,
surface area, and thermal stability (Chen et al., 2014; Shaaban et al., 2014). It was shown that
the pH values of biochar after pyrolysis were higher than that of the raw materials. The
mainly acidic functional groups were decomposed during pyrolysis at higher temperature,
such as hydroxyl and carboxyl, which led to an increase in pH value. Except for the MBBC,
the surface area and total pore volume of FPBC, NHBC and TLBC were higher than the
others, showing the superior adsorption capacity for NH,". The carbon contents of FPBC,
NHBC and TLBC were 63%, 75% and 72% respectively. This was mainly attributed to the
raw materials containing more cellulose and lignose, which were converted into higher fixed
carbon during pyrolysis. The ash contents of MBBC and SLVBC were 53% and 28%,

respectively, which demonstrated that the two raw materials’ content comprised larger
11



concentrations of mineral elements (Huda Abdulrazzaq, 2014).

Table 3

The increase in residence time allowed sufficient time for the constituents of the biomass to
undergo repolymerization reaction. Briefer residence time resulted in the incomplete
repolymerization of the biomass constituents. The residence time greatly impacts the time
taken for the carbonization process to finish due to the specific features of the biochars’
surface area and pores volumes (Park et al., 2008; Yavari et al., 2017). However, for biochar
pyrolysis using a temperature >500°C, the pore volume was higher than at lower temperature.
The increased surface area of the biochar at the higher pyrolysis temperature existed because
volatile substances released from biomass left the channel structures. These structures
enhanced the biochar surface area and the pore structure (Kim et al., 2013; Li et al., 2013).
However, referring to the NHBC the shape of its pore structure at 700°C, it showed less
porous structure and was more amorphous. This may have occurred because a temperature
that was too high destroyed the raw material’s original carbon structure. As a result, for raw
materials such as tea leaves and fruit pericarp, a higher temperature could contribute to
forming larger pore structures. However, for nut husks a temperature that is too high in turn
affects the raw material’s original structure, subsequently leading to structural fracture.

The 7 types of food waste-based biochar created at 2 hours and 4 hours were compared, and it
is suggested that biochar derived from lignocellulosic (for example TLBC, NHBC and FPBC)
sources showed a relatively higher surface area and pore volume. This finding corresponded
with the better adsorption capacity for ammonia nitrogen. In previous studies, proximate
analysis served to examine the chemical constituent components. The materials, specifically

FPBC, NHBC and TLBC produced a large amount of fixed carbon (>60%) which was due to
12



pyrolysis. The larger amount of fixed carbon was more suitable for preparing biochar (Leng et
al., 2019). Corresponding with the Scanning Electron Microscopy (SEM) it emerged that
FPBC, NHBC and TLBC had more stable and dense carbon structures at lower pyrolysis
temperature. According to (Takaya et al., 2016) in their analysis, feedstocks containing more
lignocellulosic content and less ash indicated higher Cation Exchange Capacity (CEC). In
addition, adsorbents like zeolites were characterized by high cation exchange capacities
(CECs) and high ammonium selective properties (Hedstro™m, 2001; M. Kithome, 1998).
3.1.3 FTIR study

The Fourier-transform infrared spectroscopy (FTIR) conducted on the biochar before and
after adsorption of NH,*-N was studied. From the FTIR spectra in the supplementary
attachment, the functional groups before adsorption were O-H hydrogen-bonded hydroxyl
(3420-3460 cm!), C—H stretching, aliphatic CH, (2918-3973 cm!), C=C stretching or
aromatic rings (1589-1630 cm™), -CH, (1384-1417 cm™!), -OH phenolic hydroxyl groups
(1048-1113 cm!) and phenols (558-619 cm™), respectively. After the adsorption of NH,"-N
the samples were analyzed via the FTIR, and it demonstrated that the wave peaks were
weaker than before. The wave peak values of the spectra, namely the O-H hydrogen-bonded
hydroxyl and phenols shrunk more than before. As a result, the functional groups played an

important role in the adsorption of NH;*-N (Marco Keiluweit 2010).

3.2 Adsorption experiments
3.2.1 Adsorption capacity of 7 types of food waste-based biochars
As shown in Figure 2, adsorption capacity of 7 types of food waste-based biochars at

different concentrations, i.e. 5, 10, 20, 50, 100, 150 mg/L were investigated. Biochar was
13



produced using a lower temperature (300°C or 400°C) and the adsorption capacity was larger
than when using higher temperature, while the residence time of 4 hours proved to be superior
to 2 hours. As a result, the 7 types of biochar (BDBC300, FPBC300, NHBC400, MBBC400,
SLVBC400, SSBC400 and TLBC400) with their residence time lasting 4 hours were used for
further investigation.
Figure 2
3.2.2 Adsorption Kkinetics study

Biochars were prepared from 7 different types of food waste and the adsorption kinetics
of NH4*-N are illustrated in Fig.3. With the initial concentration of 150 mg/L, the adsorption
capacities of FPBC, NHBC, BDBC, TLBC, SLVBC, SSBC and MBBC increased as time
passed. From this curve, the adsorption process could be divided into three parts. At the
original time (0-250 min), the adsorption capacities of FPBC, NHBC, BDBC, TLBC and
SLVBC increased rapidly. Meanwhile the rate for adsorption fell slowly from 250 to 1500
min. Moreover, after 1500 min the adsorption capacities did not increase instantly until these
finally reached equilibration. Nonetheless, the SSBC and MBBC had adsorption capacities
that were worse than the other 5 types of biochar and these two reached equilibriums at 1000
min earlier than the others.

Figure 3
In terms of equilibration time, all 7 types of food waste biochar completed adsorption
processes in a period lasting 1500 min. Owing to the maximum of equilibration adsorption
amount, FPBC (Qe=3.0992mg/g) emerged as a very promising adsorbent for ammonia
nitrogen. To describe the mechanism for biochar adsorption of NH,;*-N, two kinds of

adsorption kinetics model, pseudo-first order and pseudo-second order, were introduced to fit
14



the relative adsorption experiment data. The expressions of these two adsorption models are
documented immediately below:

Pseudo-first order kinetic equation: log (Q. - Q) = logQ. - Kt/2.303, (8)
Pseudo-second order kinetic equation: t/Q; = 1/K, Q. + t/Q,, 9)
where Q (mg-g ') represents the amount of NH,"-N adsorbed at time t; Q. (mg-g ")
represents the amount of NH,"-N and TP adsorbed at equilibrium; K | (min ') and K , (g'mg
~Imin ") are the rate constants of pseudo-first order and pseudo-second order, which can be
calculated from the plot of log (Q . —Q ) versus t and t/Q; versus t, respectively.

Compared to the fitting parameters of the pseudo-first order, and pseudo-second order
regarding the adsorption of NH,*-N as summarized in Table 4, it emerged that the correlation
coefficient (all R?<0.99) of the pseudo-first order did not fit the experiment data. This
suggests that the adsorption process of NH,;*-N on biochar does not follow the pseudo-first
order kinetics. Conversely, the pseudo-second order kinetic equation (Y.S. Ho, 1999) does fit
better the adsorption process of NH;"-N on biochar because of relatively high R 2 values
(R?>0.99). The adsorption amount derived from the pseudo-second order kinetic equation had
a better fit to the experimental equilibrium adsorption amount. This finding indicates that the
adsorption of NH4"-N using the 7 types of biochars follows the pseudo-second order kinetics
equation. Consequently, the adsorption process including liquid membrane diffusion, surface
adsorption, and intraparticle diffusion, can be described as comprehensively reflecting the
actual adsorption kinetics mechanism (Yan-Hong Jiang, 2019).

Table 4

3.2.3 Adsorption isotherm study

The different initial ammonia nitrogen concentrations of 5, 10, 20, 50, 100, 150 mg/L
15



were studied utilizing the adsorption isotherm. By employing two kinds of adsorption

isotherm models, the experimental data described the equilibrium adsorption processes of this
study’s 7 kinds of food waste biochar. The equations are as follows:

Langmuir equations Q. =C.Qpax/(Kp + Ce) (10)
Freundlich equations Q.=KC.' (11)
where Q. (mg'g ' )and C. (mg-L ~!) are the amounts of adsorbed ammonia nitrogen and the
ammonia nitrogen concentrations in the aqueous solution at equilibrium, respectively; Q nax
(mg-g 1) is the maximum absorption capacity reached equilibrium; K | is the Langmuir

constant; and K r represents the Freundlich adsorption equilibrium constant.

The fitting adsorption capacities documented in Table 5 and Figure 4 were compared with
data from the 7 types of food-based biochar at 6 different initial concentrations. The results
were that the correlation coefficients of each biochar fitting to NH4*-N in the Langmuir
equation (R?>0.90) were higher than the Freundlich equation. Consequently, the Langmuir
equation is better to describe the adsorption process of NH,;*-N. The biochar adsorption
process which belonged to the monolayer surface chemical adsorption, indicated that
following the adsorption process adsorbate was distributed on the biochar pore structure’s
surface (Hale et al., 2013; Reguyal & Sarmah, 2018). From the maximum of absorption
capacity Qmax, the adsorption order was as follows:
TLBC>SLVBC>NHBC>SSBC>FPBC>BDBC>MBBC. The maximum and minimum of
Qmax were TLBC (7.174 mg/g) and MBBC (2.1745 mg/g), respectively. Furthermore, the
BET surface area values and total pore volume of MBBC were 8.8128 + 0.0684 and 8.308,

respectively. Based on these figures, the mechanisms of NH 4 adsorption by MBBC were
16



different from the other 6 type of biochars. The interrelationships between MBBC absorption
capacity for NH,"-N and the specific surface area values, total pore volume were weak,
respectively (Yan-Hong Jiang, 2019). However, for lignocellulosic biomass, such as fruit
pericarp, tea leaves and nut husks, the specific surface area values and total pore volume were
the two predominant factors affecting NH 4 * adsorption with biochar (Mukherjee et al., 2011).
Table 5

Figure 4

3.3 Effect of biochar dosage on NH,*-N adsorption

Figure 5(a) depicts the changes in NH4*-N removal efficiency when the biochar dosage
increased from 0.1 g to 4.0 g. When the mass of biochar was less than 3.0, the removal
efficiency improved when the dosage was elevated. However, when the dosage was larger
than 3.0 the removal efficiency did not increase until stability occurred. This phenomenon
explains the fact that the adsorption activated site (Yang et al., 2018) is shielded (Yang et al.,
2018). When mass < 3.0, the number of surface activated sites increased with the biochar
mass increases in solution, which led to more NH;*-N being adsorbed. However, when the
dosage of biochar >3.0, with the overloaded biochar in solution, the overlap of biochar
dsorption layers contributed to the biochar surface available activated sites being shielded.
Meanwhile the biochar in removing NH4"-N efficiency remained stable (Luo et al., 2019; Yin
etal., 2018).

Figure 5

3.4 Effect of pH on NH,*-N adsorption

Figure 5(b) shows the effect of pH on NH,"-N adsorption capacity. For pH < 4 the amount
17



adsorbed was lower but when pH increased from 4 to 7, both FPBC and NHBC adsorption
capacity increased until the maximum values were achieved, these being 3.72 mg/g and 2.62
mg/g, respectively. This is mainly because at lower pH levels, the aqueous solution has
acidity which in turn contributes to functional groups on the biochar surface, which imparts a
partial positive charge able to repel the polar attraction of NH 4" ions (Mizuta et al., 2004;
Yunnen et al., 2015). However, at a level of pH>8 the NH,"-N is converted into NHj; but is
not be able to connect with the biochar (Huang et al., 2010). This could explain why
adsorption capacity declined.

3.5 Effect of temperature on NH,"-N adsorption

Figure 6 (a) indicates that NH4"-N adsorption capacity increased with temperature.
Temperature increased from 288.15 K to 308.15 K, the adsorption capacity increased with
increasing temperature and reach higher at 308.15 K with 4.969 mg/g for FPBC 300-4 and
4.579 mg/g for NHBC. From Figure 6(a), the effect of temperature on NHBC 400-2 and
NHBC 400-4 depicted not much differences. Thermodynamic study suggests that NH4+-N
adsorption is endothermic reaction as a result higher temperature will help to achieve
maximum adsorption.

Figure 6

3.6 Adsorption thermodynamics

The values of K ¢, AG°, AH ° and AS ° at different adsorption temperatures with initial NH 4*
-N concentration of 150 mg/L are shown in Table 6 and Fig. 6(b). AH ° for

FPBC 300-4 and NHBC 400-4 were 12.384 and 17.833 from NH 4 CI solution respectively.
From Table 6, the value K ¢ was increased with temperature. The AH °© > 0 indicated that

NH 4" adsorption was endothermic. At the same time, the positive A S © values indicated that
18



the disorder and randomness of liquid—solid phase interaction at the biochar surface increased
after adsorption (Kizito et al., 2015).Meanwhile, with the positive AH° AS°and AG?®°
demonstrated the adsorption process was not spontaneous at lower temperature.

Table 6

4. Conclusions

The influence of the type of raw material, biochar production temperature, and residence time
on NH4"-N adsorption were all significant in this study. The biochar made from food waste
can function as a valuable adsorbent of NH,"-N. Raw materials like fruit pericarp and nut
husk indicated better effective adsorption, but starchy staples, meat and bone was the least
effective. Effect of type of raw material, the temperature used for biochar production and
residence time on NH,™-N adsorption also proved to be significant. Finally, the results showed
that food waste-based biochar has great potential for removing ammonia nitrogen in aqueous

solution.
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Fig. 3. Adsorption kinetic curves of NH4"-N on the 7 different food waste biochars.
(a) Food waste biochar residence time for 4 hours fitting the pseudo-first order model

(b) Food waste biochar residence time for 4 hours fitting the pseudo-second order model
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Fig. 4. Adsorption isotherms of NH,;"-N for the 7 different food waste biochars.
(a) Food waste biochar residence time for 4 hours fitting the Langmuir model

(b) Food waste biochar residence time for 4 hours fitting the Freundlich model
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Table 1

Ultimate analysis and proximate analysis of raw materials

Ultimate analysis

Atomic ratios

Proximate analysis

sample C H O N Ash Volatile Fixed
H/C O/C (O+N)/C Zeta  pH
%) (%) (%) (%) (%) content (%) carbon(%)

Beandreg 49.34 7.9 34.04 454 0.16 0.69 0.78 4.17 80.025 15.805 -13.5 597
Fruit

4526 6.05 45.65 031 0.13 1.01 1.02 2.81 73.855 23.335 -16.65 4.76
pericarp
Nut husk  47.74 5.53 4291 0.31 0.12 0.90 0.91 3.75 71.28 24.97 -53 533
Stems
leafy 42.07 5.6 3728 3.51 0.13 0.89 0.97 11.46 68.325 20.215 -4.01 5.11
vegetables
Tea leaves 49.35 6.48 38.04 3.32 0.13 0.77 0.84 2.82 72.265 24915 -284  6.07
Starchy 44.65 6.77 46.39 1.74 0.15 1.04 1.08 0.45 79.665 19.885 -16.96 6.19
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staples

Meat and
37.08 545 3292 573 0.15 0.89 1.04 18.8 70.465 10.735 -14.93 6.37
bone
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Table 3

The characteristics of the food waste-based biochar

Total
Zeta Volatile Ash Fixed
BET surface pore
sample pH potential content content  carbon
area(m?-g’!) volume
(mV) (%) (%) (%)
(m*g™)
BDBC300-2 9.71+0.01 -60.2 0.4121 + 0.0064 0.284 59.46 8.21 32.33
BDBC300-4 9.27+0.06 -34.0 0.5781 + 0.0046 0.476 57.11 8.51 34.38
FPBC300-2 8.56+0.05 -25.8 1.6566 +0.0122 1.437 31.45 5.00 63.55
FPBC300-4 8.48+0.02 -37.5 1.5926 £ 0.0163 1.636 31.23 5.37 63.40
NHBC400-2 8.14+0.12 -46.6 2.9163 +£0.0361 0.949 21.17 3.75 71.35
NHBC400-4 8.73+0.05 -38.6 2.9853 + 0.0507 1.395 20.86 4.13 75.39

SLVBC400-2 12.02+0.03  -51.5 0.4237 +0.0426 0.325 27.04 24.98 47.98

SLVBC400-4 11.45+£0.05  -47.5 0.5280 + 0.0558 0.568 24.00 28.42 47.58

TLBC400-2 9.23+£.0.01  -33.6 1.3540 £ 0.0158 1.147 29.15 6.85 64.01

TLBC400-4 9.07+0.02 -41.1 1.9823 £ 0.0270 1.248 26.02 7.15 66.84

SSBC400-2 7.90+0.03 -29.1 0.8814+£0.0172 0.333 26.65 1.79 71.56

SSBC400-4 7.62+0.05 -37.8 1.1710 + 0.0243 0.280 25.11 1.99 72.90

MBBC400-2 10.10£0.04  -16.8 3.1417£0.0141 3.207 21.70 49.33 28.97

MBBC400-4 9.57+0.01 -26.8 8.8128 +0.0684 8.308 16.21 53.13 30.66
Table 4

Adsorption kinetics parameters for the 7 types of food waste biochar.
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Pseudo first order Pseudo second order

Sample Qe(mg'g K | (min Qe(mg'g Ky(gmg!' min
R? R?
) B, ) D
0.947 0.993
BDBC300-4 2.8056 0.0020 3.0393 0.0132
0 6
0.822 0.998
FPBC300-4 3.0992 0.0266 3.4368 0.0635
2 3
0.608 0.999
MBBC400-4 1.2896 0.0646 1.3910 0.0677
0 8
0.841 0.995
NHBC400-4 2.9181 0.0116 3.3436 0.0323
4 8
0.952 0.992
SLVBC400-4 2.9358 0.0108 3.1958 0.0421
0 0
0.928 0.990
SSBC400-4 2.0486 0.0137 2.2545 0.0167
0 4
0.895 0.998
TLBC400-4 2.9783 0.0094 3.2100 0.0456
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Table 5

Temperature
Sample Kec  AG((kJmol™') AH (kJimol™') AS{JmolK™') R?
(K)
FPBC 300-2 288.15 0.335 2.578 11.968 32.589 96.640

Langmuir and Freundlich parameters for NH,*-N adsorption on 7 different food waste

biochars
Langmuir model Freundlich model
sample
Ki(L * mg') Quu(mgeg') R? Kg(mg-*g') 1/n R2

BDBC300-4 0.0403 3.3686 0.9775 0.4395 03618  0.9634
FPBC300-4 0.4444 4.1267 0.9682 0.4469 0.4381  0.9066
MBBC400-4 0.0141 2.1745 0.9774 0.5868 0.0828  0.9662
NHBC400-4 0.0217 4.5776 0.9862 0.5413 0.2612  0.9763
SLVBC400-4 0.0122 5.9278 0.9671 0.6877 0.1412  0.9298
SSBC400-4 0.0084 43122 0.9047 0.6984 0.0773  0.8849
TLBC400-4 0.0072 7.174 0.9077 0.7187 0.1092  0.8896
Table 6

Thermodynamic parameters for ammonia nitrogen adsorption from aqueous solution onto

FPBC and BDBC at 150mg/L
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