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Biochar derived from abundant waste biomass has emerged as an eco-friendly alter-
native to conventional adsorbents. In this study, biochar produced from golden snail 
shells through a simple pyrolysis process was applied for phosphorus adsorption. The 
effects of pyrolysis temperature and time on adsorption capacity were investigated. The 
biochar pyrolyzed at 800 °C for 90 min (B800) exhibited the best adsorption perfor-
mance. Optimal adsorption conditions were determined to be a pH of 4.0 and an adsor-
bent dose of 1.6 g L–1. The adsorption of phosphorus onto B800 could be well described 
by the Langmuir model and the pseudo-first-order model, achieving a maximum adsorp-
tion capacity of 63.5 mg g–1 and a rate constant of 0.029 min–1. This study highlights the 
potential of biochar derived from agricultural waste as a highly efficient and environ-
mentally friendly adsorbent for phosphorus removal. Furthermore, the adsorption mech-
anism, driven by the electrostatic interaction occurring prior to Ca-P precipitation, was 
elucidated. The phosphorus adsorbed onto biochar can potentially be recycled as a soil 
fertilizer.
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Introduction

The rapid expansion of urbanization, industrial-
ization, and agricultural activities generates signifi-
cant quantities of wastewater polluted with heavy 
metals, dyes, toxic anions, and organic matter. 
Among these pollutants, untreated phosphorus from 
sources such as agriculture1,2, industries1,3, soil man-
agement2, and the use of fertilizers, pesticides, and 
phosphorus-containing detergents2,3, poses multiple 
challenges. Phosphorus-laden water sources are 
particularly susceptible to eutrophication, which in-
volves a process characterized by excessive growth 
of algae4. This uncontrollable algal proliferation re-
duces water transparency, inhibiting photosynthe-
sis4,5. Additionally, algal decomposition drastically 
depletes dissolved oxygen, releasing harmful toxins 
and gases, as well as foul odors4,5, thereby threaten-
ing aquatic ecosystems and degrading water quali-

ty4,5. Over time, these conditions render water un-
suitable for consumption. Many reports have linked 
various human health issues, such as impaired min-
eral metabolism, chronic kidney disease, cardiovas-
cular complications, and bone loss7–9, with the con-
sumption of water from these polluted sources6.

Given these adverse effects, pre-treatment of 
phosphorus-laden wastewater is a crucial step to en-
sure safe discharge levels2. Many techniques have 
been developed and applied with various advantag-
es and disadvantages. These techniques include 
chemical precipitation3,10, electrocoagulation11, ion 
exchange, membrane separation3,12, and biological 
removal12,13. Notably, adsorption has garnered sig-
nificant attention for its high efficiency and ease of 
regeneration3,12,14. A variety of adsorbents, such as 
chemically modified clay, zeolites, synthetic materi-
als containing metal oxides or hydroxides14, and 
natural minerals12, have been developed. However, 
the high cost of synthesis, strong dependence on en-
vironmental conditions, and large dosage require-
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ments have limited their performance in practical 
treatment12. In this context, biochar derived from 
eco-friendly, abundant waste biomasses has emerged 
as a promising alternative to conventional adsor-
bents12,14. Among the various biochar production 
methods, pyrolysis stands out due to its rapid pro-
cess, feasibility for large-scale production, high re-
covery of products that are advantageous for ad-
sorptive action15 and thermally stable16.

The excellent adsorption performance of bio-
char is demonstrated through its unique properties, 
including a porous carbon network, large surface 
area, and diverse functional groups12. Moreover, af-
ter phosphorus adsorption, the biochar can be 
re-purposed as a phosphorus-rich fertilizer, which 
can be directly applied to the soil without desorp-
tion17. This approach can improve soil structure, im-
prove its water and moisture holding capacity, and 
provide microbial biomass18–22. This distinctive fea-
ture has advanced biochar as a sustainable material 
for phosphorus removal.

To enhance the adsorption affinity of biochar 
for phosphorus, pure biochar has been modified us-
ing metal cations in ionic or oxide forms23. Com-
pared to unmodified biochar, modified biochar 
demonstrates superior phosphorus adsorption ca-
pacity stimulated by electrostatic or chemical inter-
action between metallic components and phospho-
rus within aqueous solutions12,24–26. Among various 
metal cations, Ca2+ ions are widely favored for bio-
char modification due to their high availability, low 
cost, and non-toxic nature27. Biochar modified with 
calcium derived from agricultural wastes such as 
orange peel28, corn stover29, or yellow pine30, has 
shown significant phosphate uptake at 23.2, 33.9, 
and 138.7 mg g–1, respectively. This was mainly at-
tributed to the Ca–O and Ca–OH sites present on 
the adsorbent surfaces at basic pH, promoting phos-
phate adsorption and ligand exchange, or Ca2+ 
leaches from the surface at acidic pH, precipitating 
phosphates27. However, due to using large quantities 
of chemicals, modification processes can be 
time-consuming, expensive, and potentially harmful 
to the environment23. Consequently, there is grow-
ing interest in developing biochar from natural ma-
terials having high levels of metal ions through a 
single-step pyrolysis process using waste biomass.

Golden snail (Pomacea canaliculata L.) shells 
consist of a prismatic layer rich in calcium, primar-
ily in the form of calcium carbonate, making them a 
promising material for Ca-biochar preparation31. 
This species of snail is notorious as one of the most 
harmful pests, causing significant damage to crops, 
especially aquatic crops such as rice31–34. In waste-
water treatment, this bio-waste has been found to 
have high potential for removing Pb(II), Cd(II), and 
Cu(II) ions35, as well as for reducing Biochemical 

Oxygen Demand (BOD) and Chemical Oxygen De-
mand (COD)36. Utilizing golden snail shell for this 
approach can encourage farmers to collect these 
pests, reducing their proliferation and associated 
crop damage, while providing additional income35. 
To the best of our knowledge, the application of 
biochar derived from golden snail shell for phos-
phorus removal has not yet been reported. In this 
study, biochar was prepared from golden snail shell, 
an abundant bio-waste in Vietnam, through a single- 
 step pyrolysis process. The material’s properties, 
including surface morphology and functional 
groups, were characterized under varying pyrolysis 
conditions. The phosphorus removal performance 
of the obtained biochar was also evaluated.

Materials and methods

Chemicals and materials

Anhydrous potassium dihydrogen phosphate 
(KH2PO4), ascorbic acid, hexammonium heptamo-
lybdate 4-hydrate ((NH4)6MO7O24∙4H2O), potassium 
antimony tartrate (K(SbO)C4H4O6∙0.5H2O), sulfuric 
acid (H2SO4), hydrochloric acid (HCl), and sodium 
hydroxide (NaOH) of analytical grade were used as 
received. The golden snails (P. canaliculata L.) 
were collected from the fields located at Lien Hoa 
Commune, Dong Hung District, Thai Binh Prov-
ince, Vietnam.

Preparation of biochar from golden snail shell

The collected golden snail shells were thor-
oughly washed and dried at ambient conditions. The 
shells were then ground and sieved to yield a raw 
powder (R0) with a particle size of 1–2 mm. The 
pyrolyzed biochars were prepared using a muffle 
furnace (Nabertherm L3/11/B170, Germany) in the 
absence of oxygen. The pyrolysis process was per-
formed by programming the furnace controller to 
consecutively raise the internal temperature of the 
biomass chamber to 300, 400, 500, 600, 700, and 
800 °C, at a rate of 5 °C min–1, and maintained for 
2 h. These biochars were respectively denoted as 
B300, B400, B500, B600, B700, and B800. The 
process was then conducted by holding the peak 
temperature at 800 °C for different intervals, in-
cluding 30, 60, 90, 120, and 180 min. The 
cooled-to-ambient-temperature materials were al-
lowed to disintegrate into smooth and fine powder, 
which was sealed in a container before use. To eval-
uate the effect of pyrolysis temperature and time on 
the performance of the prepared biochars, their 
phosphorus adsorption capacities were investigated.
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Material characterizations

The surface morphology and energy-dispersive 
X-ray (EDX) spectrum of the materials were exam-
ined using scanning electron microscopy (SEM, Hi-
tachi S4800 NIHE) equipped with an EDX system. 
The system was operated at an accelerating electron 
voltage of 10.0 kV and a magnification of x25k and 
x10k. The NEXUS 670, Nicole FT–IR spectropho-
tometer was used to obtain the transmission infrared 
spectra of samples/KBr pellets. In detail, each sam-
ple was thoroughly mixed with KBr (FT–IR grade) 
and pressed to prepare a pellet, which was then ap-
plied to the sample holder for FT–IR recording. To 
identify the crystalline phases, X-ray diffraction 
(XRD) was applied using a D8 Advance, Bruker 
diffractometer equipped with a Cu Kα radiation 
source at a wavelength of 0.154 nm and a mono-
chromator. The XRD patterns were recorded by 
scanning 2θ from 10 to 70o with a scanning step 
width of 0.05o per scan.

Adsorption experiment

The adsorption of phosphorus by the as-synthe-
sized biochars was conducted using batch experi-
ments. In each experiment, 0.4 g of the biochar was 
added to 250 mL of a solution prepared from anhy-
drous potassium dihydrogen phosphate (KH2PO4). 
The mixture was shaken continuously. The sample 
solutions were then collected by filtration. For the 
study of pyrolysis temperature and pyrolysis time, 
the solution pH was not adjusted (neutral pH) with 
the adsorbent dose of 1.6 g L–1, the initial phospho-
rus concentration of 50 mg L–1 and adsorption time 
of 2 h. To study the effect of solution pH on phos-
phorus removal efficiency, the initial pH was 
screened using the HACH HQ440D portable pH 
meter, and adjusted by 0.1 M HCl and 0.1 M NaOH 
to different values in the range of 4.0–10.0. The ad-
sorbent dose and phosphorus initial concentration 
were maintained at 1.6 g L–1 and 50 mg L–1, respec-
tively. The influence of the adsorbent dose was in-
vestigated in the range of 0.4 to 2.0 g L–1 under the 
initial pH of 4.0, adsorption time of 2 h, and initial 
phosphorus concentration of 50 mg L–1. The exper-
iments of adsorption kinetics and adsorption iso-
therms were conducted at sorption time in a range 
of 60–240 min and 50–1000 mg L–1, respectively. 
The given data was analyzed by fitting non-linear 
pseudo-first-order model (Eq. 1), pseudo-second-or-
der model (Eq. 2), and Elovich model (Eq. 3).

 qt = qe (1 – exp(–k1t)) (1)
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where qt (mg g–1) and qe (mg g–1) are adsorption ca-
pacities at time t and at equilibrium, respectively. k1 
(min–1) and k2 (g mg–1 min–1), α (mg g–1 min–1) are 
respectively the rate constant of the pseudo-first-or-
der, pseudo-second-order kinetics, and Elovich 
models. β (mg g–1) is the desorption constant in the 
Elovich equation. Regarding sorption isotherms, in-
vestigation under various phosphorus initial con-
centrations of 50, 100, 150, 200, 400, 600, 800, 
1000 mg L–1 were performed.

The initial and equilibrium concentrations of 
phosphorus ion were measured by the colorimetric 
method using molybdenum blue color reagent for 
phosphorus detection. This reagent was prepared 
using hexammonium heptamolybdate 4-hydrate 
((NH4)6MO7O24∙4H2O), potassium antimony tartrate 
(K(SbO)C4H4O6∙0.5H2O), ascorbic acid, sulfuric 
acid, and hydrochloric acid, following the proce-
dure of Angelova et al.37 The identification of phos-
phorus concentration was performed by an ultravio-
let-visible (UV-VIS) spectrometer (Hach, DR5000, 
USA) at a wavelength of 880 nm37. The adsorption 
capacity of the adsorbents was calculated using Eq. 
(4):

 qe = 
( )0   tc c V

m
- ×

 (4)

where c0 and ct are the initial concentration and  
the concentration of PO4

3– anion at a given time t 
(mg L–1), respectively; m is the weight of the adsor-
bent (g), and V is the treated solution volume (V).

Results and discussion

Biochar characterization

XRD

The XRD patterns of R0, B700 and B800 are 
shown in Fig. 1a. The R0 is composed of a poorly 
crystalline aragonite phase, a common phase of 
CaCO3 (PDF no. 00-041-1475). This observation 
aligns with previous studies on this type of shell35,38. 
Upon pyrolysis of the snail shell at high tempera-
ture, the aragonite phase transitioned into the calcite 
phase (PDF no. 01-086-4273) as evident in the 
XRD patterns of B700 and B800. The sharp and in-
tense peaks observed for these calcined samples 
confirmed the crystalline nature of the biochars.

FT-IR

FT–IR spectra of R0, B700 and B800, recorded 
in the range of 4000 to 400 cm–1 (Fig. 1b), exhibited 
characteristic vibration peaks corresponding to 
CO3

2− ions. The prominent absorption peak at 1446 
cm–1 can be assigned to asymmetric stretching39. 
The other two absorption bands at 859 and 711 cm–1 
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F i g .  1  – XRD patterns (a) and FT-IR spectra (b) of R0, B700 and B800

F i g .  2  – SEM images of R0 (a–b), B700 (c–d), and B800 (e–f)
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could be attributed to out-of-plane band and in-
plane band modes of vibration for the CO3

2– mole-
cules, respectively39. A weak absorption band at 1082 
cm–1, observed in R0 and B700,40,41 corresponded to 
symmetric stretching of CO3

2– molecules.

SEM

The surface morphology of the R0, B700, and 
B800 samples was examined, and is presented in 
Fig. 2. The R0 and B700 consisted of large adhe-

sive particles which were regular and cylindrical. 
For B800, the morphology was distinctive with 
plate-like shapes with smaller particles.

Phosphorus removal

Effect of pyrolysis temperature

The alteration of phosphorus removal capacity 
at varied pyrolysis temperatures is presented in Fig. 
3. As evident, the adsorption capacities of all bio-
chars were higher than that of the raw shell. As the 
pyrolysis temperature increased from 300 to 800 
°C, the adsorption capacity of the biochars im-
proved from 8.63 to 14.56 mg g–1. This trend is con-
sistent with prior studies highlighting the significant 
influence of pyrolysis temperature on phosphorus 
uptake42,43. The pyrolysis temperature of 800 °C was 
therefore selected for subsequent investigations.

Effect of pyrolysis time

The influence of pyrolysis time on phosphorus 
removal is depicted in Fig. 4. The adsorption capac-
ity gradually increased with prolonged pyrolysis 
time, reaching a maximum of 13.94 mg g–1 at 90 
min. Extending the pyrolysis time to 180 min. did 
not result in a statistically significant improvement 
in the biochars’ adsorption capacity at a 95 % 
 confidence interval (α = 0.05, one-way ANOVA,  
P = 0.94). These data are consistent with the find-
ings of Adhikari et al.42 and Ramola et al.43 There-
fore, a pyrolysis time of 90 minutes was deemed 
reasonable.

Effect of pH

The removal of phosphorus species by adsorp-
tion strongly depends on the pH of the aqueous me-
dia, as it may cause modifications in the surface net 
charge of the biochar in addition to phosphorus spe-
ciation41. In this study, the obtained data on the ef-
fect of initial pH (Fig. 5a) indicated that the adsorp-
tion capacity of the biochar decreased as the pH 
increased from 4.0 to 10.0. This finding was in 
agreement with the studies by Gold et al.44 and Ada-
ramaja et al.45, reporting similar biochars prepared 
from calcined snail shell (800 °C, 2 h) with pHpzc at 
11.0. This suggests that the biochar surface exhibits 
a positive charge across a wide pH range, resulting 
in strong electrostatic affinity for negatively charged 
phosphorus ions45. Accordingly, in this study, at pH 
< 11.0, the biochar possibly carried a positive 
charge, enabling attraction of negatively charged 
phosphorus ions in the solution, thus promoting the 
adsorption process. It is worth noting that, when the 
pH rose from 4.0 to 11.0, the material’s surface be-
came less positively charged, weakening the elec-
trostatic attraction with phosphorus species, and re-
ducing adsorption capacity46.

F i g .  3  – Effect of pyrolysis temperature on phosphorus ad-
sorption capacity  (pH: neutral; Biochar dose: 1.6 g L–1; Phos-
phorus initial concentration: 50 mg L–1; Adsorption time: 2 h; 
Temperature: RT)

F i g .  4  - Effect of pyrolysis time on phosphorus adsorption 
capacity (pH: neutral; Biochar dose: 1.6 g L–1; Phosphorus ini-
tial concentration: 50 mg L–1; Adsorption time: 2 h; Tempera-
ture: RT)
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Effect of adsorbent dose

The effect of adsorbent dose on the adsorption 
performance of B800 was evaluated at varying ad-
sorbent doses of 0.4, 0.8, 1.2, 1.6, and 2.0 g L–1 
(Fig. 5). Increasing the dose from 0.4 to 1.6 g L–1, 
steadily enhanced the removal capacity, reaching 
the highest value of 23.95 mg g–1. This enhance-
ment was reasonable, as more adsorption sites on 
the adsorbent were introduced to interact with phos-
phorus species. Beyond this threshold, the removal 
capacity decreased to 19.60 mg g–1 at a dose of 2.0 
g L–1. This sudden decline may be attributed to the 
agglomeration of biochar at higher dosages, which 
drastically blocked available adsorption sites47.

Adsorption kinetics

The adsorption of phosphorus by B800 was 
conducted at different contact times (Fig. 6). The 
process occurred rapidly within the first hour, and 
reached equilibrium after 2 h. The experimental ki-
netics data were fitted to three models: non-linear 
pseudo-first-order, pseudo-second-order, and Elovich, 
to determine the rate of adsorption48–50. The para-
meters derived from these models are summarized 
in Table 1. The experimental data were well de-
scribed by the pseudo-first-order model. The simi-
larity of equilibrium adsorption capacity (qe) calcu-
lated from the pseudo-first-order model (17.68  
mg g–1), and the experimental value (17.70 mg g–1) 
also supported this statement. The rate constant (k1) 
of the pseudo- first-order model was determined to 
be 0.029 (min–1).

F i g .  5  – (a) Effect of initial pH on phosphorus adsorption capacity (Biochar dose: 1.6 g L–1; Phosphorus initial concentration:  
50 mg L-1; Adsorption time: 2 h; Temperature: RT); (b) Effect of adsorbent dose on phosphorus adsorption capacity  
(pH: 4.0; Phosphorus initial concentration: 50 mg L–1; Adsorption time: 2 h; Temperature: RT)

F i g .  6  – Phosphorus adsorption kinetics of B800 (pH: 6.0; 
Biochar dose: 1.6 g L–1; Phosphorus initial concentration: 50 
mg L–1; Temperature: RT)

Ta b l e  1  –  Kinetics model parameters in the adsorption of 
phosphorus performed by B800

Kinetic models
and corresponding 

equations

Kinetic model parameters  
and regression coefficients

Pseudo-first-order
k1 (min–1) qe (mg g–1) R2

0.029 17.68 0.998

Pseudo-second-order
k2 (g mg–1 min–1) qe (mg g–1) R2

0.0029 19.29 0.994

Elovich
α (mg g–1 min–1) β (mg g–1) R2

42.21 0.47 0.990
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Adsorption isotherms

The adsorption isotherm experiments were 
conducted to investigate the adsorption behavior at 
equilibrium. The effect of phosphorus concentration 
on the adsorption capacity of B800 is presented in 
Fig. 7. The phosphorus adsorption capacity in-
creased with the increase in phosphorus initial con-
centration. The obtained data were further analyzed 
using non-linear Langmuir, Freundlich, and Temkin 
isotherm models, with their respective equations 
provided in Table 2 and non-linear plots shown in 
Fig. 7. It can be observed that the isotherm data ex-
pressed a better fit with the Langmuir model (R2 = 
0.966) compared to the Freundlich (R2 = 0.902) and 
Temkin models (R2 = 0.948). The maximum adsorp-
tion capacity of B800 obtained from the Langmuir 
model was 63.5 mg g–1.

The adsorption nature was further examined 
using the dimensionless constant or separation fac-
tor RL. This value was calculated using Eq. (5) 
where c0 and KL are the initial concentrations of 
PO4

3– anion and the Langmuir constant, respectively51. 
This value is the essential characteristic of Lang-
muir isotherm, which allows qualitative assessment 
of different types of adsorption process, including 
irreversible if RL = 0 (very strong adsorption), fa-
vorable if 0 < RL < 1 (normal adsorption), linear if 
RL = 1, or unfavorable if RL > 1 (or desorption)51. In 
the range of initial phosphorus concentrations in 
this study, the calculated RL values (Table 2) were 
all greater than zero but less than one, indicating 
that a normal equilibrium sorption of phosphorus on 
the surface of B800 occurred under the experimen-
tal conditions. These findings were similar to our 
previous reports on the potential of biosorbents pre-
pared from Annona glabra seeds52 and Hylocereus 
undatus (dragon fruit) peel53 for methylene blue and 
tetracycline removal, respectively.

The maximum adsorption capacity of B800 
was determined from the Langmuir model, and 
compared with previously studied biochars (Table 
3). The results revealed that the B800 prepared in 
this study exhibited a comparable maximum ad-
sorption capacity with other materials, suggesting 
that this new biosorbent is efficient and suitable for 
the removal of phosphorus in aqueous media.

 
( )0

1
  

1  L
L

R
K c

=
+

 (5)

Adsorption mechanism

The good fit of adsorption isotherms to the 
Langmuir model suggested monolayer coverage of 
phosphorus species on the adsorbent surface25,41,54. 
In other words, the reaction of the sorbent and sor-
bate occurred at the active sites on the material’s 
surface. The interactions between phosphorus spe-

Ta b l e  2  –  Isotherm parameters in the adsorption of phospho-
rus performed by B800

Model and corresponding 
equation

Adsorption isotherm model 
parameters

Langmuir

1  
m L e

e
L e

q K c
q

K c
=

+

qm (mg g–1) 63.5

KL (L mg–1) 0.026

R2 0.966

RL

50 mg L–1 0.43

100 mg L–1 0.28

150 mg L–1 0.20

200 mg L–1 0.16

400 mg L–1 0.087

600 mg L–1 0.059

800 mg L–1 0.046

1000 mg L–1 0.037

Freundlich
 1

 n
e F eq K c=

KF (mg g–1) (L mg–1)1/n 14.7

n 4.4

R2 0.903

Temkin
 

qe = 
T

RT
b

 ln(AT ce)

bT (kJ mol–1) 0.24

AT (L mg–1) 0.58

R2 0.948

qe: adsorption capacity at equilibrium of adsorbent; qm: 
maximum adsorption capacity;
KL: Langmuir constant; KF: Freundlich constant; ce: equilibrium 
adsorbate concentration;
bT: Temkin constant; AT: Temkin isotherm constant

F i g .  7  – Non-linear adsorption isotherms in the adsorption 
of phosphorus performed by B800 (pH 4.0; Biochar dose  
1.6 g L-1; Adsorption time: 2 h; Temperature: RT)
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cies and calcium-based materials involves mecha-
nisms such as surface precipitation, surface complex-
ation, dissolution-precipitation, and/or electrostatic 
interaction25,41. It is known that solution pH plays a 
significant role in these mechanisms of phosphorus 
adsorption55, and it might affect each mechanism 
differently. In the electrostatic interaction, the ad-
sorption capacity may have been promoted at low 
pH due to the favorable electrostatic attraction be-
tween the positively charged adsorbent and the neg-

atively charged phosphorus ions. On the other hand, 
at higher pH, the number of positively charged sites 
decreased. Therefore, the electrostatically repulsive 
force between the adsorbent and the negatively 
charged phosphorus ions became more favorable, 
decreasing the adsorption capacity. For the precipi-
tation mechanism, the low pH might have induced 
the formation of dicalcium phosphate and octacalcium 
phosphate, while higher pH tended to lead to calcium- 
 deficient hydroxyapatite and hydroxyapatite56.

To elucidate the adsorption mechanism, the 
used adsorbent was analyzed using XRD, SEM, and 
EDX techniques (Fig. 8). The intensity associated 
with P in the EDX spectrum was identified, con-
firming the removal of phosphorus from the aqueous 
solutions and its existence in the used adsorbent. 
The XRD analysis revealed that these phosphorus 
ions existed in brushite phase CaHPO4∙2H2O (PDF 
no. 01-072-1240) alongside the calcite phase of 
CaCO3 in the material. The formation of brushite is 
consistent with the results regarding the effect of 
pH on adsorption capacity that the adsorption pro-
cess was favorable at low pH. This indicates the 
mechanism of the process based on the electrostatic 
interaction occurring prior to precipitation. At low 
pH, the positively charged biochar electrostatically 
attracts negatively charged phosphorus ions species, 
favoring the precipitation of dicalcium phosphate. 
In contrast, at higher pH, electrostatic repulsion was 
observed between the two negatively charged, in-
hibiting the interaction and precipitation of calcium 
and phosphorus ions.

Ta b l e  3  –  Comparison of maximum adsorption capacity (qm) 
results of this study with other studies for phospho-
rus removal

Adsorbents
qm

(mg g–1)

Paper mill sludge biochar21 25.19

Hydrochar composites of lanthanum from rice straw22 61.57

Ca-impregnated biochar from ramie stem23 105.41

Ca-modified biochar prepared from eggshell and 
sewage sludge via co-pyrolysis34 121.01

Mn/Al double oxygen sludge-derived biochar from
dewatered sewage sludge35 28.20

Mg−biochar nanocomposite from Mg-enriched 
tomato leaves41 103.80

Graphene42 89.37

Pine sawdust char43 15.11

Zirconic chitosan beads44 61.70

Golden snail shell biochar (this study) 63.5

F i g .  8  – B800: EDX spectrum (a) before and (b) after the adsorption. XRD spectrum (c) before and after the adsorption.
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Conclusions

In this study, biochar was synthesized from 
golden snail shell biomass waste using single-step 
pyrolysis, optimized at 800 °C for 90 min. The fin-
est biochar had small, plate-like particles. Phospho-
rus removal experiments revealed the strong depen-
dence of biochar’s adsorption capacity on the initial 
pH and the adsorbent dose. Adsorption kinetics and 
isotherms of the investigated adsorbent/adsorbate 
system were best fitted with the pseudo-first-order 
and the Langmuir models. Electrostatic interactions 
and precipitation between phosphorus species and 
the calcium-based biochar were identified as the 
major mechanisms, which were most favorable at 
low pH. The as-synthesized biochar exhibited great 
potential for phosphorus removal, offering high per-
formance and cost-effectiveness. Furthermore, its 
preparation from golden snail shell bio-waste makes 
this material a promising and eco-friendly solution 
for wastewater treatment and waste disposal.
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