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ABSTRACT

This paper examines the physiochemical properties of phosphoric acid treated biochar for improvement of urea
fertilizer impregnation process. The biochar was heated with phosphoric acid (H;POy4) of 1.5 M (TB1) and 1 M (TB2)
concentrations at 80 and 90°C temperature respectively. The treated biochar then were impregnated with 2 wt. % of
dissolved urea fertilizer while continuously stirred until the mixture recrystallize to form solid urea impregnated biochar
fertilizer (TB1-U and TB2-U). TB1 revealed highest composition of C (66.36%), H (6.53%) and N (1.65%) compared to
TB2 composition of C (61.84%), H (4.60%) and N (1.06%). FT-IR results indicated the presence of C-O stretch functional
group at 1200 cm™! to 900cm™?! wavelength and the presence of aromatic ring (C=0) stretching vibration at 1590cm™1-
1550cm-1 wavelength revealed chemical reaction occurred due to phosphoric acid treatment. The microporosity results
display more micropores formation on the sample surfaces, thus provide higher surface area possible for urea molecule to
be impregnated. SEM-EDX exposed qualitatively and quantitatively the presence of 43% N on TB1-U surfaces compared
with slightly lower at 42wt% of N on TB2-U surface evidenced the effectiveness of phosphoric acid treatment on

enhancement of the biochar specific surface area to be impregnated with urea for nutrient retained.
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INTRODUCTION

One of the major concerns of the farmers is the
efficiency of urea fertilizer being applied to the rice crop.
Soil fertility need for improvement as the fertilizer applied
especially for nitrogen (N) sources faces losses of 60% of
the N (urea fertilizer) to the environment via ammonia
(NH3) volatilization, nitrate (NO3) leaching and nitrous
oxide (N,O) emission which give high economic and
environmental impact[1]. Thus, it is important to search an
alternative as a substrate that can regulate the release of N
from urea fertilizers. The use of organic substance such as
biochar can be used as a substrate to regulate the
adsorption and desorption pattern of N in different formed
that can serve as a based to develop biochar based slow
release fertilizer.

Biochar is the carbon-rich product of agricultural
wastes such as wood, manure and leaves heated in a closed
container with or without availability of oxygen[2,3]. It is
well-known as a value-added product, which can be used
for several purposes such as a support material for
delivering plant nutrients [4]. Biochar is likely to be used
as a soil amendment medium in agricultural application
since it has the ability as a soil conditioner to improve soil
fertility and nutrient-use efficiency using locally available
and renewable material in a sustainable way. The diverse
range of biochar applications depends on its
physicochemical properties, which are governed by the
pyrolysis conditions and their surface treatment [5].

Chemical treatment of biochar with phosphoric
acid are widely used for researchers due to improvement
of the biochar properties such as formation of surface
active functional groups, enhance adsorption capacity [6]

and improve specific surface area through generation of
micropores [7]. Phosphoric acid has attracted more
attention than other strong acid/ activating agent such as
sulfuric acid (H,SO,) and nitric acid (HNO3) which is
commonly used to modify and enhance the porous
structure of biochar due to its more effective performance
and environmental friendly property [8-10]. The use of
phosphoric acid (H3PO,) treatment is also reported
elsewhere to alter the properties of biochar surface and
reduce environmental effect when it is being applied to the
surface of soils[11].

Hence this research is mainly focusing on
modification of biochar derived from rubber wood
sawdust viaphosphoric acid chemical treatment to improve
their physical and chemical properties. Further
examination on the physical and chemical characterization
occurred on the acid treated biochar and biochar
impregnated urea will be investigated, thus correlate them
to biochar efficiency as slow release support materials for
urea fertilizer.

MATERIALS AND METHODS

Preparation of acid treatment biochar

10g of biochar were blended with 400mL of
phosphoric acid (H;PO,4) at 1 M and 1.5 M concentrations
and was heated at 80 and 90°C temperature respectively
(Table-1) while stirred continuously. It was left cooled to
room temperature before being vacuum-filtered and dried
in the oven for 24 hours.
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Biochar impregnated urea production

The urea fertilizer was impregnated into the
porosity acid treated biochar. The urea (AR-Grade)
granules (40g) were dissolved with deionized water at 4:1
ratio for recrystallization of urea after the impregnation
process. The mixture then was heated at 70°C and stirred
in 1 hour until the urea became completely dissolved,
followed by adding 2 wt. % of acid treated biochar while
continuously stirring for 1 hour until the mixture
recrystallize to form solid urea impregnated biochar
fertilizer. Next, the transferred compound into the petri
dish were labelled and dried in an oven at 60°C for 24h.
The samples were labelled as TB1 and TB2 as display on
Table-1. Next, the urea impregnated biochar is label as
TB1-U, TB2-U, and CB-U and characterized to determine
their physiochemical properties.

Table-1. Designation of samples.

Label Description
Treated biochar using 1.5M, 90°C and
TB1
lhour
Treated biochar using 1M, 80°C and 0.5
TB2
hour
CB Control biochar
TB1-U Treated Biochar 1-Urea
TB2-U Treated Biochar 2- Urea
CB-U Control biochar-urea

Elemental and surface analysis on treated biochar and
biochar impregnated urea

The elemental analyzer (Elementar's Vario
MICRO Cube) was used to determine quantitatively the
presence of carbon (C), hydrogen (H) and oxygen (O) on
the treated biochar surfaces. The surface functional group
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analysis of treated biochar was analyzed via Fourier
Transform Infrared Radiation (FT-IR) spectrophotometer
(Jasco FT-IR-6100). The sample was prepared with KBr
powders and compressed into a thin pellet before scanned
for FT-IR spectra recorded at the range of 400 to
4000cm™1. The surface microstructural analysis of treated
biochar and biochar impregnated urea was determined
using SEM magnified 1000 X with the voltage set to
3.0kV. Carbon and oxygen content on the surface of the
biochar sample were examined by using SEM-EDX
spectroscopy with the voltage 1.0kV. Both samples were
platinum coated using auto fine sputter coating technique
set to 30A.

RESULTS AND DISCUSSIONS

C, H, N elemental analysis

Elements analysis of H /C ratios is useful
indicators of the character of biochars (Nguyen and
Lehmann, 2009). Figure-1 demonstrates the elemental
composition of treated biochar labelled as TB1 and TB2
compared to biochar (CB) as control. The result
demonstrates that the % of C in biochar (CB) is lowest
compared to treated biochar (TB1 and TB2). The same
trend observed for % of H and % of N. TB1 that treated
with  higher concentration ofH;PO, shows higher
composition of C (66.36%), H (6.532%) and N (1.65%)
than TB2 with composition of C (61.84%), H (6.532%)
and N (1.65%). An increase in H;P0O, molarity results in a
larger capture of C, H and N. Means that TB1 contained a
higher biochar yield and enriched volatile-matter
composition.An increased in the composition of H and N
elements suggested of the strong H and N reaction on the
treated biochar surface which is supported by the FT-IR
results later.
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Figure-1. Histogram graph of elemental composition of the treated biochar control (CB).
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H;PO, reacted with biochar dispersed quickly out of the
surface of particles during the acid treatment process
(Patnukao & Pavasant, 2008). Analytical elements and
both H/C and O/C ratios are one of the indicator to
characterize chemical composition, degree of aromaticity,
maturation and bonding arrangement of the biochar
samples (Lehmann & Joseph, 2009). According to Glaser
et al. [13], the high presence of H/C functional groups can
serve as nutrient exchange sites after oxidation. This will
lead to strong and success nutrient bonding with biochar.
Thus, in slow release mechanism, it is important to prepare
biochar with higher H:C ratio to facilitate retainment of
nutrients from fertilizer in soil and results on the higher
cation exchange capacity (CEC) [14]. This will lead to
efficient plant nutrition because CEC is an inherent soil
characteristic which indicates the total capacity of a soil to

300 C-0 C=0

hold exchangeable cations. It influences the soil's ability
to hold onto essential nutrients and prevent their losses.

Fourier Transform Infrared (FTiR) spectroscopy
analysis

Figure-2 displays the FT-IR spectra of control
biochar (CB) and biochar treated with phosphoric acid
labelled as TB1 and TB2. Broad band appeared at
3600cm™to  3200cm~'which  indicated  stretching
vibration of hydrogen-bonded (H-O) hydroxyl group.
Peaks at 1155 cm™1and 1040 cm™which were assigned as
carbon-bonded C-O vibration were also observed at all
samples [15]. Other significant peak observed for TBI
and TB2 were broad peak at 1200 cm™! to 900cm™!
indicating presence of C-O stretch in alcohol, phenols acid
and esters and strong band appeared at 1590cm™-
1550cm-1 indicating presence of aromatic ring (C=0)
stretching vibration [16, 17].

H-0

. rf\\/\-m"[j\/\-'\_j B 2

200

150

100

INTEMEITY [ARBITRARY LIMIT)

50

] S00 1000 1500 2000

TE1

L--—-~.____-u~f—"“-‘-\; CB

2500 3000 3500 4000 4500

WAYE NUMBER [CM1)

Figure-2. FT-IR spectra of biochar and treated biochar (CB, TB1 and TB2).

Figure-3 shows the FT-IR spectra of urea and
urea impregnated samples with biochar (CB-U) and urea
impregnated treated biochar (TB1-U and TB2-U).
Similarly, broad band appears at 3600cm™lto
3200cm~'which indicated stretching vibration of
hydrogen-bonded (H-O) hydroxyl group and the peaks

appear at 1155 cm™tand 1040 cm™! for TB1-U and TB2-
U which were assigned as carbon-bonded C-O vibration.
Broad peak at 1200 cm™?! to 900cm™? indicated presence
of C-O stretch in alcohol, phenols acid and esters for TB1-
U and TB2-U might due to the reaction of samples against
the phosphoric acid [18, 19].
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Figure-3. FT-IR spectra of urea and biochar impregnated urea sample (Urea, CB-U, TB1-U and TB2-U).

These proved chemical interaction occurred due
to phosphoric acid treatment on the treated samples. There
were also weak bands appeared at 2921 cm™*-2855 cm™?
FOR TBI1-U and TB2-U samples, which showed the
aliphatic of C/H and a sharp band at 1373cm™?. This is
because there were stretching vibrations of CHspresent in
the samples [20-23]. However, carbonyl (C-O) stretching
at urea spectra diminished at approximately 1500cm™!
after interacted with biochar represent chemical interaction
occurred result in the acid functional group available on
the treated biochar surfaces are chemically adsorb with the
urea.

Microporosity analysis of CB, TB1 and TB2

The porosity of the biochar before and after acid
treatment was determined via mercury porosimetry. Table-
2 shows the microporosity analysis of CB, TB1 and TB2.
It is shown that the total pore area of acid treated biochar
is lower compared to control. The average pore diameter
of TB1, TB2 and CB are 22645.3 nm, 35772.24 nm and
13019.71 nm respectively. From the Table-2, the TB 1
percentage of porosity is highest (89.63%) compared to
TB2 (78.77%) and CB (83.43%) which indicates that TB1
has more pores compared to TB2 after treatment.

Table-2. Microporosity analysis using mercury porosimetry.

Sample Unit TB1 TB2 CB
Total Intrusion volume mL/g 5.08 4.62 53
Total pore area m?/g 1.2 0.52 1.63
Median pore diameter mL/g 110297 121142.8 138919.4
(volume)
Median pore diameter m2/g 1830.23 10210.86 1975.24
(area)
Average pore diameter nm 22645.3 35772.24 13019.71
Bulk density (g/mL) 0.18 0.17 0.16
Apparent density (g/mL) (g/mL) 1.69 0.8 0.95
Porosity % 89.63 78.77 83.43

Decrement of micropore surface area might be
due to the oxygen functional groups located at the
entrance of the pore, hindering the nitrogen molecules
from going inside the pore [24]. The treated biochar holds
higher content of macropore (pore diameter >50nm),

allowing the impregnation process of urea onto biochar’s
pores. The increase in average pore diameter of treated
biochar with treatment indicating the destruction of
micropore forming mesopore [25]. Higher microporosity
and higher specific surface area of biochar has the ability
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in the inhibition of soil organic microorganism
mineralization after the application of biochar to the soil at
which the mechanism involves diffusion and adsorption of
organic matter into the micropore [26]. The pores on the
biochar surface are covered by recrystallizes urea
molecule during impregnation. This demonstrated that the
additional and bigger pores of biochar might be suitable
for filling the urea molecules.

Surface morphology of treated biochar, biochar
impregnated urea and treated biochar impregnated
urea using SEM and SEM-EDX

Figure-4 shows morphological analysis of treated
biochar compared to control. CB shows a porous structure
and smooth wall surfaces while, TB1 and TB2 shows
rough and edgy at the wall surface. This pointed out to the
reaction of phosphoric acid against the adsorbent surface
of biochar [27]. Additionally, both TB1 and TB2 samples
has macro pores at the pre-existing structure but the

former showed higher presence of macro pore.
H;PO, treatment leads to increase in porosity of biochar
surface was also reported elsewhere[12, 28-30].
Furthermore, the EDX analysis is conducted to determine
the composition of biochar based on SEM micrograph.
The results indicated that there was higher P in treated
biochar (TB1 and TB2) as compared to control biochar
(CB) and P that appeared to be localized at some pore at
the treated biochar. Hence, this implies that localized
reactions occurred duringH;PO, treatment. This is
possibly associated with the formation of organic
phosphate on the treated biochars, which may could serve
as nutrient source when apply in the soils. TB1 showed to
be the better treated biochar because the SEM micrograph
showed smoother surface pores appeared and present of
higher P compare to TB2. This might be due to the using
different pH of acid with the biochar.

SEM micrograph EDX analysis EDX elemental analysis
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Figure-4. SEM-EDX analysis of treated biochar compared to control.

Figure-5 illustrates the SEM micrographs of urea
impregnated with biochar sample labelled as CB-U, TB1-
U and TB2-U. It can be clearly seen from the images,
where the biochar are covered with urea and the presence
of urea is proven by the SEM-EDX analysis. About 40%-
45% of N is present from the analysis on the internal and

external surface of biochar. The urea molecule is diffused
into the pores during impregnation process which makes
the porosity of biochar becomes important to retain
moisture and nutrient in the soil. After water molecules are
being removed during heating, the concentration of urea
become recrystallized into solid and initiates the
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impregnation process. The impregnation of urea into
biochar can help to slow down the mineralization process
and the conversion of urea into ammonium and nitrate.
Thus, the micro site of biochar will be closed and adsorbed
the nutrient, enable it to hold the nutrient longer and
prevented further nitrogen loss to the environment. The

EDX analysis

higher amount of N seen at the treated samples shows
there are chemical reaction happen after biochar treatment
with acid, proved the effectiveness of phosphoric acid to
enhance specific surface area for wurea fertilizer
impregnation process.

EDX elemental analysis

SEM micrograph
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Figure-5. SEM-EDX analysis of untreated and treated biochar impregnated urea.

CONCLUSIONS

The physiochemical properties of phosphoric acid
treated biochar-urea shows significant improvement when
impregnated with urea fertilizer. Treated biochar (TB1 and
TB2) contained a higher biochar yield and enriched with
volatile-matter composition of H and N element as a result
of the phosphoric acid treatment. This finding is supported
with the FTiR results, indicated the presence of important
acidic functional groups on the treated samples surfaces,
thus proved the chemical reaction happened during the
biochar treatment to improve the possibility for urea
fertilizer to be impregnated and retained. The
microporosity results display the treated sample has more
micropores on the biochar surface, thus making urea
molecule easily to be impregnated into the treated biochar.
SEM-EDX analysis supported the effective impregnation
process. Phosphoric acid treatment was proved to enhance
the capability biochar derived from rubber wood sawdust
to adsorp urea fertilizer and hold the nutrients. Further

analysis on leaching and mineralization test were needed
to determine N,O release and NH; loss for better
understanding on the material roles and performances as a
slow release enhancer.
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