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Thermochemical Conversion of Paper Mill Sludge into Fe’-carbon Composite,
and Its Application into Chromate Reduction
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ABSTRACT

Cr(VID), a highly toxic and carcinogenic compound commonly found in industrial waste, poses severe environmental and
health hazards. Conventional methods for reducing Cr(VI) often require costly noble metal catalysts, making them
impractical for large-scale use. This study explored the thermochemical conversion of paper mill sludge into a zero-valent
iron (ZVI)-carbon composite (biochar), an affordable and efficient catalyst for Cr(VI) reduction in water. During pyrolysis,
amorphous iron compounds were converted into ZVI by the reductive gases (H, and CO) released from organic materials.
The resulting ZVI-carbon composite was highly efficient in Cr(VI) reduction in presence of formic acid, offering a
sustainable and economically viable alternative to traditional methods. This approach not only addresses the environmental
challenge of Cr(VI) contamination but also contributes to waste valorization, transforming waste into valuable industrial

resources and promoting a circular economy.
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Fig. 1. Results of paper mill sludge characterization: (a) compositional
analysis and (b) TGA.
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Fig. 2. Monitoring generation of three major gas products from
pyrolysis of paper mill sludge.
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Fig. 3. Results of XRD analysis for resulting solid products
generated from the pyrolysis of paper mill sludge at different
temperatures.
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Fig. 5. Cr(VI) removal in the presence of HCOOH (0.4M) with
biochar (0.1 g L™!) produced at different temperatures.
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ATHKwon et al., 2022; Li et al., 2017; Tan et al., 2020).

webd, 5 2oleS e Cr(VDH Hlo]lex} 7+ whit

2Rg0 2 F3to] dojuA| gF2 Z1 o= A} o & 53

B Aol Felgl (V) AARRgo] G7FE ®EelA

EEAhto] Bhgale] AdE A o]o] Shelnhg-S X
7

£ AFolMe AR £HAE 83 E318 3HS
53 ZVIEA BEAE Az, olE EEARS o83t
Cr(VI) $d=i7tel] 283t 1 As5s 7kttt AlA|
<A E3lEt ¥4 7 A7 A 2xdelA 2
A8}, Eisl Whe-S Bl 7R e eH, F]
RS SRSl 93l 700°C ©]/d 2ZolA
7= A Bekals FE4RS SAEkske] Cr(VI)
< A7sked a9 s B, Zviel Ao
Cr(VI) 3Hlol] 2782 d8S she &dshl] 71oeh= 2
Rl 91 AFE T3l zviel A 38t Akl A
28 7Fsst IR 24 FA71E SAlel it
3l H7 e AskE B3l £8EA] o] e
Rl 3F% o] 349 HAs) 3 dif= 28 A7t
dasi, ol5 Bl 3 294 A7} Ak =3kl 718
F US Aoz JHTh

A A
o] E=RL 20240% BRSO Ao AT
Aol APS wol F3E 712 ATA A (RS-2023-
00243963).

J. Soil Groundwater Environ. Vol. 29(6), p. 87~93, 2024

References

ALOthman, Z.A., 2012, A review: fundamental aspects of sili-
cate mesoporous materials, Materials 5(12), 2874-2902.

Barrera-Diaz, C.E., Lugo-Lugo, V., and Bilyeu, B., 2012, A
review of chemical, electrochemical and biological methods for
aqueous Cr(VI) reduction, Journal of Hazardous Materials, 223,
1-12.

Cancelada, L., Meichtry, J.M., Destaillats, H., and Litter, M.I.,
2024, Synergistic removal of Cr(VI) with stable nanozerovalent
iron particles and ultrasound assistance in the presence of organic
additives, ACS Engineering Au.

Chen, H., Zhang, Y., Li, J., Zhang, P., and Liu, N., 2019, Prepa-
ration of pickling-reheating activated alfalfa biochar with high
adsorption efficiency for p-nitrophenol: characterization, adsorption
behavior, and mechanism, Environmental Science and Pollution
Research, 26, 15300-15313.

Cho, D.-W,, Lee, J., Yoon, K., Ok, Y.S., Kwon, E.E., and Song, H.,
2016, Pyrolysis of FeCls-pretreated spent coffee grounds using
CO, as a reaction medium, Energy Conversion and Manage-
ment, 127, 437-442.

Du, H., Yuan, D., Li, W,, Wang, L., Li, Y., Che, L., Tian, W., Salama,
E., Ossman, M., and Lin, F., 2025, Efficient removal of toxic
organics and reduction of Cr(VI) to Cr(III) from tannery sludge:
A comparative study of microwave pyrolysis and conventional
pyrolysis, Separation and Purification Technology, 354, 128736.

Farobie, O., Amrullah, A., Bayu, A., Syaftika, N., Anis, L.A., and
Hartulistiyoso, E., 2022, In-depth study of bio-oil and biochar
production from macroalgae Sargassum sp. via slow pyrolysis,
RSC Advances, 12(16), 9567-9578.

Hajloo, H. and Bashiri, H., 2024, Optimizing Cr(VI) reduction
to Cr(III) using Pd-CNTs nanocatalyst: kinetic Monte Carlo sim-
ulation and experimental design insights, Scientific Reports,
14(1) 19192.

Hu, S., Ma, X, Lin, Y., Yu, Z., and Fang, S., 2015, Thermograv-
imetric analysis of the co-combustion of paper mill sludge and
municipal solid waste, Energy Conversion and Management, 99,
112-118.

Kwon, G, Cho, D.-W.,, Jang, H., Lam, S.S., and Song, H., 2022,
Synergistic effects of blending seafood wastes as Co-pyrolysis
feedstock on syngas production and biochar properties, Chemi-
cal Engineering Journal, 429, 132487.

Kwon, G, Cho, D.-W., Kwon, E.E., Rinklebe, J., Wang, H., and
Song, H., 2022, Beneficial use of Fe-impregnated bentonite as a
catalyst for pyrolysis of grass cut into syngas, bio-oil and bio-
char, Chemical Engineering Journal, 448, 137502.

Kwon, G, Cho, D.-W.,, Yoon, K., Kim, E., Lee, J., and Song, H.,
2024, Pyrolytic conversion of nylon-6 and red mud into N-



AA oA frel B7HE-B BEAE o188 55 67 28 B9 AT 93

doped carbon composite and its application into azo-dye degra-
dation, Journal of Analytical and Applied Pyrolysis, 181, 106619.

Kwon, G, Cho, D.-W., Yoon, K., and Song, H., 2021, Valoriza-
tion of plastics and goethite into iron-carbon composite as per-
sulfate activator for amaranth oxidation, Chemical Engineering
Journal, 407, 127188.

Li, H., Dong, X., da Silva, E.B., de Oliveira, L.M., Chen, Y., and
Ma, L.Q., 2017, Mechanisms of metal sorption by biochars:
Biochar characteristics and modifications, Chemosphere, 178,
466-478.

Lv, Z., Tan, X., Wang, C., Alsaedi, A., Hayat, T., and Chen, C., 2020.
Metal-organic frameworks-derived 3D yolk shell-like structure
Ni@ carbon as a recyclable catalyst for Cr(VI) reduction, Chem-
ical Engineering Journal, 389, 123428.

Ma, Z., Sun, Q., Ye, J., Yao, Q., and Zhao, C., 2016, Study on
the thermal degradation behaviors and kinetics of alkali lignin
for production of phenolic-rich bio-oil using TGA-FTIR and Py-
GC/MS, Journal of Analytical and Applied Pyrolysis, 117, 116-
124.

Omole, M.A., K’Owino, 1.O., and Sadik, O.A., 2007, Palladium
nanoparticles for catalytic reduction of Cr(VI) using formic acid,
Applied Catalysis B: Environmental, 76(1-2), 158-167.

Pettine, M., D’Ottone, L., Campanella, L., Millero, F.J., and
Passino, R., 1998, The reduction of chromium (VI) by iron (II)
in aqueous solutions, Geochimica et Cosmochimica Acta, 62(9),
1509-1519.

Qin, F., Peng, Y., Song, G, Fang, Q., Wang, R., Zhang, C., Zeng,
G, Huang, D, Lai, C., and Zhou, Y., 2020, Degradation of sul-
famethazine by biochar-supported bimetallic oxide/persulfate
system in natural water: performance and reaction mechanism,
Journal of Hazardous Materials, 398, 122816.

Suib, S.L., New and Future Developments in Catalysis, 2013.

Tan, Z., Yuan, S., Hong, M., Zhang, L., and Huang, Q., 2020,
Mechanism of negative surface charge formation on biochar and
its effect on the fixation of soil Cd, Journal of Hazardous Mate-
rials, 384, 121370.

Tang, B., Liang, J., Wen, Z., Zhou, Y., Yan, Z., Zhou, Y., He, P.,
Gu, C., Gan, M., and Zhu, J., 2025, Insight into the crystal facet-
dependent Cr(VI) reduction: A comparative study of pyrite
{100} and {111} facets, Journal of Environmental Sciences,
150, 78-90.

Tang, H., Cheng, W., Yi, Y., Ding, C., and Nie, X., 2021, Nano
zero valent iron encapsulated in graphene oxide for reducing
uranium, Chemosphere, 278, 130229.

Visentin, C., da Silva Trentin, A.W., Braun, A.B., and Thomé,
A., 2021, Nano scale zero valent iron production methods applied
to contaminated sites remediation: an overview of production
and environmental aspects, Journal of Hazardous Materials,
410, 124614.

Yang, W.-M., Liu, F., Jin, Y.-T., Dong, Z.-M., and Zhao, G--C.,
2022, Efficient reduction of Cr(VI) with carbon quantum dots,
ACS Omega, 7(27), 23555-23565.

J. Soil Groundwater Environ. Vol. 29(6), p. 87~93, 2024



