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ABSTRACT

With the increasing density of aquaculture, the damage caused by ammonia and hydrogen
sulfide to the hard clam (Meretrix lusoria) aquaculture has become a significant concern,
highlighting the urgent need for techniques to improve water quality. Biochar, a porous
carbonaceous adsorbent typically derived from waste biomass or organic matter, is an exceptional
renewable material for pollution control. Due to its long-term stability (lasting over 1000 years),
biochar is also recognized as a carbon sequestration product. Incorporating magnetic material (such
as nano/microscale magnetite, Fe3O4) into biochar facilitates its separation from water after use. The
method of combining carbonization and impregnation into a single heating step is faster and simpler
than traditional biochar pyrolysis followed by functionalization and metal impregnation. Leucaena
leucocephala, a small tree native to Mexico, is known for aggressively colonizing disturbed
vegetation across the Americas and has been identified as a major invasive species in many countries
in tropical Africa, Asia, and Oceania. The stem of Leucaena leucocephala is well-suited for use as
a biochar precursor due to its physical properties and cellulose structure. This study aims to use
Leucaena leucocephala biomass to prepare magnetic biochar (MBC) for the removal of ammonia
and sulfide, thereby improving the water quality in hard clam farming ponds. The findings of this
study demonstrate the effectiveness of the preparation procedure in producing MBC from Leucaena
leucocephala. Specifically, the sample (MBC600) prepared at 600 °C exhibits a high specific surface
area (Spgr) of 474.2 m?/g and significant microporosity (0.727). Notably, MBC600 shows superior
removal capacity for both ammonia and sulfide compared to materials prepared under other
conditions. The removal of ammonia is likely driven by its reduction to N» gas, while sulfide is



chemically adsorbed on the surface of MBC600. Furthermore, without salinity interference, sulfide
removal is higher (16.8%) than ammonia removal. However, at the typical salinity level of seawater
(30%0), MBC600 effectively removes ammonia but does not significantly adsorb sulfide. Overall,
these results suggest that MBC600 holds great potential for improving the water quality in Meretrix

lusoria aquaculture.

Keywords: Magnetic biochar, Leucaena leucocephala, Meretrix lusoria, Adsorption.
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hERE 113 & 12 BHIR
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Temperature (°C) 30 40 50
. R? 0.976 0.966 0.963
Linear
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Langmuir qm (mg/g) 3.698 3.409 3.575
Kt (dm¥/g) 0.030 0.063 0.077
R? 0.959 0.957 0.964
Freundlich n 1.243 1.527 1.583
Kr (mg(-Vm LM/ g) 0.120 0.248 0.306
R? 0.864 0.851 0.857
Temkin 3 (J/mol) 0.458 0.501 0.538
At (L/g) 0.993 1.675 1.981
AH® (kJ/mol) 0.227
AS® (kJ/mol) 0.001
AG (kJ/mol) -0.143 -0.155 -0.167
90 100 —
50 ho. |
707 _ 801
S E2 S e
=601 %
< 4
2 501 : o0
5 40] o
5 3 40
E 301 E 4
& 201 & 201
107 1
0 0
MBC400 MBC500 MBC600 MBC700 MBC800 BC600 Magnetite 1 10

(pH : 8.8 ~ B[ : 24 h~ & : 1g/L~ Co: Smg/L ~ JEJE :
30 °C)

8 AREWRMM ZFRIEMERR

JBIRREAE » ASSTR RS IEAE - (AR A SRR
il AG By {E - 569 MBC600 & E /Y LFRER B
VLR IE -

3.3 MBC ZHi{E¥ &R

3.3.1 REKM* ZFRIE¥ERR

FrTKh&EE F(EY QLR TNEREXL
JAE RNEZR T HILAWIER RIS BC ~ MBC
FASERR R EbR - B 8 R RERR i b
VAR ERAGER - AILE SR EREREE 1
2 Seer #iE—% MBC600 > B LY E i s
i H S A IR 10% - T8 A A by 2=
PRETEELY 70% - s IHRESRIE A B SN LT AR
S AR o & BT o] W2 HE TR S o] BT
(LR IEN A B b o B EER A HIRER -

3 5
Dosage (g/L)
(pH © 8.8 ~ H¥fl] : 24 h ~ Co : Smg/L ~ JEE : 30 °C)

9 R[E MBC600 &€ ZHi{E¥ER

3Fe304+ HyS — 4Fer03+ Hy+ FeS oovvvvnnnnn... 9)

3.3.2 MM EISHTIEMERZHZE

H1 3.3.1 EifSR MBC600 i LRy LR 1ER
HAAT L - DR ASHT FE 5 IR R B B B A 5
MBC600 Fil& (1~3~5 F 10g/L) Sy Lbr
HhRGERENE 9 - ZEEH > & MBC600 Hl&
2 3 g/L > B LY RERBCR S LY 95%  ERIE R
=2 5 g/L I BUEPIRFRBERET 99% - B HReE R
sl - FEAHEEERIRCE T - MBC600 #H5i{tY)Hy %
PRECRIABAEN & A -

333 HEHRILNER 2 HE

401F] 3.2.3 BFFHR A » KD I B ORI 17
ESE T o ABSEYEERAFILL 0+ 15+ 20 - 25 %
35%0 BFEAE pH 8.8 ~ I | g/L - H{LyWIaps
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5 mg/L KO 30 °C i (T MBC600 HbiL{EY)
LR - EERGIREIANNE 10 o fazlE ] S
LI EPRCREE B SR = T TR 2
BRARVERER - & A2 e I S0 1 AT e Bla (L5t
F MBC600 R AR E » #E— U FHEE 6 SE
HYHETT - AABFE e MBC600 FiE > DUEE
B L BRASR: -

3.3.4 pH BHIR{EMERZFE

P& B E B Al pH7 ~ pH 8.8 ~ pHO JZ pH 11
ZAF MRS MBC600 BHARRALI £BR > EEasEF
EHRE 11 - fHItE e > BEE pH B 7 555 -
T2 8.89 K 11> AL EBrER 23 LTI HEE,
R ETAEYI EBRIES] > ARFZELL IEXFIT /K{EE2#L
REREEARE pH OB LY LIBE (B 12) -
PR HEAS SR EE3R & pH K 7 BF » HSIREE oK
PHAEYINT EZRE - B pH 11 0 T 100%[HT
{EVILL HSTEATEAE - AR HoS » HS ol FREH

100

111N

0 25 35

EN N )
S S S

Sulfide removal (%)

[
(=]

Salinity (%o)
(pH : 8.8 ~ H§f] : 24 h ~ FI& : 1 /L~ Co: Smg/L ~ R :
30 °C)
10 FREEEZMR{CMER

100

HH

——

)

S
n
H

N
<

N
<

Sulfide removal (%)

)
<

7 8.8 11
pH

(B - 24 h ~ Fl& 1 /L~ Co: 5mg/L ~ JEFE : 30 °C)
11 RE pH ZERIEMER

{EBI—{ S HEFTACAL - BEWE CH E 2 MR
[ FERIRCAL (L > IR G HS BB SRR 2 PR AN D &
EEH.S 5 (3L 10) -

3Fe;04 + HS" — 4Fe;03 + HY + FeS ............... (10)

3.3.5 IE¥EbREN N

AREFZE DL Pseudo-first-order ~ Pseudo-second-
order ~ Elovich equation J Intra-particle diffusion &
TIE TS MBCO00 B L) A RRE IHVE
S - BERE IS HEENTE 40 R 4 TEE
Pseudo-first-order &7 Pseudo-second-order [J R? 35

100

B (o) [e]
(=) (=] (=]

Fraction (%)

[
(=)

HS-

(=]
[«

2 4

pH

10

12 A[E) pH ZIF(E¥MBEERER

#&4 MBC600 ZHi{E¥=EREN S

Pseudo-first-order

qe (Mmg/g) 2.594
ki (/min) 0.017
R? 0.967
SSE 21.13
Pseudo-second-order

qe (mg/g) 4.122
ko (mg/g/min) 0.021
R? 0.996
SSE 1.176
Elovich equation

a (mg/g/min) 1.592
b (g/mg) 1.885
R? 0.929
SSE 3.023
Intra-particle diffusion

kq (mg/g/min®5) 0.052
Ci (mg/g) 2.173
R? 0.803
SSE 10.73
Experimental data

qe (Mmg/g) 4.108




RETESR 15708 - 548 |
hERE113F 12 BHIR
#*5 MBC600 ZIR{EMEMRERRRAMNEBSE
Temperature (°C) 30 40 50
Lincar R? 0.821 0.872 0.902
Ku (dm¥/g) 0.706 0.895 1.166
R? 0.928 0.892 0.830
Langmuir qm (mg/g) 29.240 3.367 40.161
Kv (dm’/g) 0.126 0.899 0.092
R? 0.942 0.939 0.926
Freundlich n 1.320 1.335 1.361
Kr (mg{-1/m LUm/g) 2.330 2.710 3.360
R? 0.925 0.906 0.882
Temkin 3 (J/mol) 4.586 4.942 5.503
Ar (L/g) 2.255 2.509 2.973
AH® (kJ/mol) 0.215
AS° (kJ/mol) 0.002
AG (kJ/mol) -0.282 -0.299 -0.315

7 0.95 B ERE LT R m LAY > HEE
—HA L5 0] BEEIL MBC600 2 [ 1Y — (& 2 R (& Y
WL E (EREHE) #1TILEE 45 (Hubbe ef al.,
2019) -

3.3.6 MIEMERZERRKRENE

AWFE LA [FIRY SR ff 4% 7712 2040 Linear-
Langmuir ~ Freundlich Jz Temkin & MBC600 [
WALz Ehsds - SRR 2 o S sk
A%% 5 o HHIEZR T 853 Freundlich iy R* #5575 - 58HA
AR P B A 171 25 R R o ¥R Bt SR B 6
Je 7 AT DAHERNIA L) S S AR s S P T R e —
TR B i - 5 B (i LA 57 R » FRIBRAYBA LY
FTRE YRR AR — S E - TR g -

IEAN » A SN RE RS HDL T R I
JERYRISE - SHESERIEE - AHOBIEE » BINEL
J& 5 ASCTR RS TEAE » ARBR A IAIBETRIERE N 5 AG Ty &
{H - 5585 MBC600 i LYY L bR B 35 R -

1

E M ll‘dn:-‘.

AR B s RGH - sREEHESE 7] SR
VIR Z SRR  IEAN  AWTFERTER FH VB AE
Fife 8 RERR T 58 & BR AR P PR B 5 1 - SRS B
600 °C " FTEAR T pHY MBC600 HAELSHY Sper
FARALIE  (EfVEEAYE - MBC600 HE & R Hi{b
VIR L BREE TR HALAARE o B0t > AT FEHEMN]
MBC600 #fjix & EHY ARSI fm [ iR - B0

BRI R BRAME A B ERR I - RSB T4 T
MBC600 LIy EFRSCRIBET B & EH APk -
IEH /K E S HEA ] MBC600 HE S EFR{E
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