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Abstract

The effect of magnetite particles on the anaerobic digestion (AD) of furfural wastewater was investigated using sequential
anaerobic batch tests. The batch tests with four 500 mL anaerobic bioreactors were performed under two conditions: FC
treatment for AD of furfural without magnetite particles, and FM treatment for AD of furfural with magnetite particles. The
FC bioreactors showed a decreasing methane production rate (MPR) across the sequential batches, with a final batch MPR of
11.3 + 0.4 mL CH4/L/d, indicating the need for a methanogenesis enhancer to achieve high-rate AD of furfural. Conversely,
FM bioreactors exhibited significantly higher MPR, exceeding FC values by 4-196%, with a final batch MPR of 33.5 + 0.1 mL
CHy4/L/d, which was about three times higher than FC. Additionally, FM bioreactors had faster degradation rates of furfural,
valeric acid, and acetic acid compared to FC, with values exceeding those in PC by 3.0, 1.14, and 2.8 times, respectively.
These results demonstrate that magnetite particles can enhance the AD of furfural not only by accelerating methanogenesis
but also by accelerating the anaerobic degradation of furfural and its intermediates, such as volatile fatty acids. This study
provides valuable insights for developing high-rate AD systems for furfural wastewater treatment.

Key words : Anaerobic digestion, Furfural wastewater, Magnetite powder, Methane production rate, Furfural degradation
rate
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Fig. 1. Methane production of FC anaerobic bioreactors through the sequential anaerobic batch tests.
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Fig. 2. Comparison of methane production of FC and FM anaerobic bioreactors through the sequential

anaerobic batch tests.
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Fig. 3. Methane production rate MPR and lag time of FC and FM anaerobic bioreactors.
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Fig. 4. Furfural and volatile fatty acids (VFAs) concentration in (a) FC and (b) FM anaerobic bioreactors in the 6th

sequential batch tests. hac: acetic acid, hpr: propionic acid, n-hbu: N-butyric acid, i-hva: i-valeric acid.
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Table 1. Furfural and volatile fatty acids (VFAs) degradation rate in the 6th sequential batch tests. ND: not determined.

Degradation rate (mg COD/L/d) FC 6th batch FM 6th batch

Furfural 84.3 255.5

Acetic acid 15.2 41.8
Propionic acid 0.5 1.6

Butyric acid 3.5 ND

Valeric acid 19.6 22.4

Total organics 22.2 38.8

w2 33 5 + 0.1 mL CHy/L/do2 3EstHom,

e

O?E,jgﬂ

XN

™oN, B
of JF Lo
o2 ox, FE:.J

il

-

ol rle

2
-

=2

X

i,

ml & R
4>

u
B g M
N2
'L oox ol
olo B

jgj oX,
tlo & ol
> L
ool
2 oot

N
N
il
i
o,
[o
f
=
N

=

32
)

5

2

X

it

il

Hu

i

o m
@]

X
olo
N
1o
r
-
Jot
)
i

F

!

o
lo N

o

b

&y

°
rlo
4
[
4
i
él1

=
uicl)
N,

~ 12
ol
oL

H
JN rlo ool

o8]

5%l Eot=
CH4/ g COD)o] #
RPN ENPARSSARPAL
0.4 mL CHy/L/d &=
=k ol &9, 4
Foxg 'uﬂ_/l\“g’]
S= Ho|7A Ay
& @718 A3E

o B
5 1o
ﬁr‘\o
2 i ox

ot
=2
=)
i)
oyl
5
e}
£
kal uo rlr

P e
CERR HEES
EE

727} 715 aie,

r—?h ol-_l
o2
rl IQ =~
4 of
ol

>,
s
N
N
Ir
w o
(]
o
ol
o
]o
k=l

L},

rO
o 32y

%
:Oé
Y
i S
1y
%
~

Zaoxeg Wy 24 ol EAL Boj&EE PC HhS
7] oiu] 38, 1,140, 227 2.84) 7FF W2 427
7} ERIE It o] & B8l AFdA 718 EYo] F2
Fsh Fayo @714 Lo TR A4
H714ke] HAHE Ao, RelgEs HAA7
o #HEHoRL @74 As) uhSo] wEggL

S8 S ARAZA] GBL 58 7K
2 4G o slsknt,

ﬁ%% 7379] wApdofuvfx]st ARl

A= AHFYTHYL-WE-21-002). E3H

1 _—Er 20239 E AR(T-SH)0] Yoz T

TAEe] MI(LAMP) AFF A9 ot =8H A
YJUtHNo. RS-2023-000301702).

REFERENCES

Akobi, C., Hafez, H., Nakhla, G., 2016, The impact of
furfural concentrations and substrate-to-biomass
ratios on biological hydrogen production from syn-
thetic lignocellulosic hydrolysate using mesophilic
anaerobic digester sludge, Bioresource Technology,
221, 598-606.

Akobi, C., Hafez, H., Nakhla, G., 2017, Impact of furfural
on biological hydrogen production kinetics from
synthetic lignocellulosic hydrolysate using mesophilic
and thermophilic mixed cultures, Int. J. Hydrog.



138 734

Energy, 42(17), 12159-12172.

Angelidaki, 1., Alves, M., Bolzonella, D., Borzacconi, L.,
Campos, J. L., Guwy, A. J., Kalyuzhnyi, S., Jenicek,
P., Van Lier, J. B., 2009, Defining the biomethane
potential (BMP) of solid organic wastes and energy
crops: A proposed protocol for batch assays, Water
Sci. Technol., 59(5), 927-934.

APHA-AWWA-WEF, 2005, Standard methods for the
Examination of Water and Wastewater, American
Public Health Association, American Water Works
Association and Water Environment Federation,
21st Ed., American Public Health Association:
Washington, DC, USA.

Cruz Viggi, C., Rossetti, S., Fazi, S., Paiano, P., Majone,
M., Aulenta, F., 2014, Magnetite particles triggering a
faster and more robust syntrophic pathway of meth-
anogenic propionate degradation, Environ. Sci.
Technol., 48(13), 7536-7543.

Ghasimi, D. S. M., Aboudi, K., de Kreuk, M., Zandvoort,
M. H., van Lier, J. B., 2016, Impact of lignocellulo-
sic-waste intermediates on hydrolysis and methano-
genesis under thermophilic and mesophilic con-
ditions, Chemical Engineering Journal, 295, 181-191.

Jung, S., Kim, M., Lee, J., Shin, J., Shin, S. G., Lee, J.,
2022, Effect of magnetite supplementation on mes-
ophilic anaerobic digestion of phenol and ben-
zoate: Methane production rate and microbial
communities, Bioresource Technology, 350.

Kato, S., Hashimoto, K., Watanabe, K., 2012,
Methanogenesis facilitated by electric syntrophy via
(semi)conductive iron-oxide minerals, Environ.
Microbiol., 14(7), 1646-1654.

Lee, J., Koo, T., Yulisa, A., Hwang, S., 2019, Magnetite
as an enhancer in methanogenic degradation of
volatile fatty acids under ammonia-stressed con-
dition, J. Environ. Manag., 241, 418-426.

Li, Q., Liu, Y., Yang, X., Zhang, J., Lu, B., Chen, R., 2020,
Kinetic and thermodynamic effects of temperature
on methanogenic degradation of acetate, propio-
nate, butyrate and valerate, Chemical Engineering
Journal, 396, 125366.

Mao, L., Zhang, L., Gao, N., Li, A., 2013, Seawater-based
furfural production via corncob hydrolysis catalyzed
by FeCl3 in acetic acid steam, Green Chemistry,
15(3), 727-737.

Prabakar, D., Suvetha K, S., Manimudi, V. T,
Mathimani, T., Kumar, G., Rene, E. R., Pugazhendhi,
A., 2018, Pretreatment technologies for industrial ef-
fluents: Critical review on bioenergy production and
environmental concerns, J. Environ. Manag., 218, 165
-180.

=4

Qadir, M., Drechsel, P., Jiménez Cisneros, B., Kim, Y.,
Pramanik, A., Mehta, P., Olaniyan, O., 2020, Global
and regional potential of wastewater as a water, nu-
trient and energy source, Nat. Resour. Forum, 44(1),
40-51.

Qiu, B., Shi, J., Hu, W., Gao, J., Li, S., Chu, H., 2023,
Construction of hydrothermal liquefaction system
for efficient production of biomass-derived furfu-
ral: Solvents, catalysts and mechanisms, Fuel, 354,
129278.

Stams, A. J., Plugge, C. M., 2009, Electron transfer in syn-
trophic communities of anaerobic bacteria and archaea,
Nat. Rev. Microbiol., 7(8), 568-577.

Sun, H., Wang, E., Li, X., Cui, X., Guo, J., Dong, R.,
2021, Potential biomethane production from crop
residues in China: Contributions to carbon neutrality,
Renew. Sustain. Energy Rev., 148.

Tian, H., Quan, Y., Yin, Z., Yin, C., Fu, Y., 2023,
Bioelectrochemical Purification of Biomass Polymer
Derived Furfural Wastewater and Its Electric Energy
Recovery, Polymers, 15(16).

Wang, Z., Liu, Z., Noor, R. S., Cheng, Q., Chu, X., Qu,
B., Zhen, F., Sun, Y., 2019, Furfural wastewater pre-
treatment of corn stalk for whole slurry anaerobic
co-digestion to improve methane production, Sci.
Total Environ., 674, 49-57.

Xia, A., Feng, D., Huang, Y., Zhu, X., Wang, Z., Zhu, X,
Liao, Q., 2022, Activated Carbon Facilitates
Anaerobic Digestion of Furfural Wastewater: Effect
of Direct Interspecies Flectron Transfer, ACS
Sustain. Chem. Eng., 10(25), 8206-8215.

Xu, H., Chang, J., Wang, H., Liu, Y., Zhang, X., Liang,
P., Huang, X., 2019, Enhancing direct interspecies
electron transfer in syntrophic-methanogenic asso-
ciations with (semi) conductive iron oxides: Effects
and mechanisms, Sci. Total Environ., 695, 133876.

Zwietering, M. H., Jongenburger, 1., Rombouts, F. M.,
Van't Riet, K., 1990, Modeling of the bacterial growth
curve, Appl. Environ. Microbiol., 56(6), 1875-1881.

* Graduate student. Seon-Min Kang
Division of Earth Environmental System Science (Major
of Environmental Engineering), Pukyong National
University
kangseonmin@naver.com

* Professor. Joon-Yeob Lee
Division of Earth Environmental System Science (Major
of Environmental Engineering), Pukyong National
University
Leejy@pknu.ac.kr



	자철석 가루 투입을 통한 푸르푸랄의 혐기성 소화 개선 효과 조사
	Abstract
	1. 서론
	2. 재료 및 방법
	3. 결과 및 고찰
	4. 결론
	REFERENCES


