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a b s t r a c t

Waste polyolefin plastics, accounting for 50% of all plastic waste, represent a tremendously unexploited

carbon source. Efficiently upcycling polyolefin waste into value-added carbon materials for waste wa-

ter treatment avoiding using noble metals is challenging but economically and environmentally sustain-

able. In this work, MAX-Ti3AlC2 supported Fe selectively catalyzes polyolefin into few-layered graphene

in 5 min under microwave treatment. Graphene and MAX supported Fe (Fe@MLC) can completely (99.9%)

degrade chloramphenicol (CAP) within 60 min, retain robust after 10 cycles and work efficiently at a

wide pH range (3.87–13.03), avoiding the usage of noble metal. Moreover, the electrochemical active sur-

face area (ECSA) of Fe@MLC is 2.7 times higher than that of commercial Pt/C. This work provides a cheap

and efficient catalyst that promotes deconstruction of plastic wastes and indirectly degrades antibiotics

thereby realizes the treatment of waste water with waste plastic.

© 2024 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Approximately 360 million tons of plastics are produced glob-

ally each year, and typically less than 20% is recycled, resulting in

huge global waste and environmental pollution [1–3]. Waste poly-

olefins, accounting for over 50% of all plastic wastes, are consid-

ered as a valuable and largely untapped resource [4–6]. Researcher

have reported various methods to convert those polyolefins mainly

composed of carbon and hydrogen elements into gaseous fuels

and high value carbon materials [7]. Wang [8] and Williams [9–

11] studied the effects of temperature, steam and catalyst on se-

lectivity of H2 and quality of carbon nanotube (CNT) in a two-

step pyrolysis-gasification reactor. Ruan and coworkers reported

catalytic microwave-assisted pyrolysis of polyolefins into gasoline-

range hydrocarbons [12]. Edwards reported a one-step microwave-

initiated process for the catalytic deconstruction of waste plas-

tics into H2 and CNTs [4]. We recently reported for upcycling of

waste polyolefins into carbon nanofibers for sodium-ion battery

using a ceramic MAX phase Ti3AlC2 as an excellent microwave-

susceptor and catalyst (microwave cataceptor) [5]. Microwave ini-

tiated cataceptor-catalytic deconstruction of polyolefin waste is an

fast, less CO2 releasement and economical method for plastic treat-
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ment due to its selectively and rapidly heating [13]. Microwave

initiated upcycling polyolefin plastic waste into carbon materials

is an efficient and energy saving strategy to turn waste into trea-

sures [4]. Since carbon materials are widely used as cheap and ro-

bust electrode in industrial electrocatalysis [14–19], it is attractive

to upcycling polyolefin wastes into value-added, highly conduc-

tive carbon materials for electrocatalysis by microwave-initiated

cataceptor-catalytic could realize the treatment of waste water

with waste plastic.

Chloramphenicol (CAP) is a halogenated antibiotic that has been

extensively used over the past few decades but is carcinogenic and

genotoxic for humans [20–25], and its abuse has led to the pol-

lution in water [17,26-30]. Electrocatalytic dehalogenation (EDH) is

an effective technology to reduce the pollutions of halogenated an-

tibiotic by cracking strong carbon-chlorine (C–Cl) bonds using elec-

trons as green reductants [27,31-34]. The cathode materials play an

important role in the electrochemical reduction process [31]. Car-

bon materials supported metal is an ideal cathode for CAP elec-

trocatalytic reduction. Noble metal palladium (Pd) and platinum

(Pt) modified electrodes showed good activities for EDH due to

the property to retain atomic H∗ [21,31-34]. However, it is valu-

able to design cheap and stable cathode materials without noble

metal catalysts for the efficient CAP removal.

Herein, plastic waste was microwave-initiated catalytically de-

graded for electrocatalytic water pollution treatment. MAX-Ti3AlC2

https://doi.org/10.1016/j.cclet.2023.108759
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Scheme 1. Synthetic route of M@MLC from LDPE and its application for CAP degra-

dation.

Fig. 1. LDPE decomposition results catalyzed by M@MAX. (a) gas composition and

(b) gas/liquid/solid yields. (c) Temperature and (d) gas volume verse time.

supported Fe catalyst (Fe@MAX) was prepared by facile dropwise

adding Fe3+ solution into MAX suspension and employed as mi-

crowave cataceptor to upcycle polyolefin plastic waste plastic into

value-added graphene for chloramphenicol removal for the first

time (Scheme 1). Plastic is deconstructed to hydrogen and few

layered graphene with few defects in 5 min. Graphene and MAX

supported Fe catalyst (Fe@MLC) could completely (99.2%) degrade

chloramphenicol within 90 min and retained robust removal ef-

ficiency of 96.5% in 120 min after 10 cycles. Moreover, the elec-

trochemical active surface area (ECSA) of Fe@MLC was 2.7 times

higher than that of commercial Pt/C. The good electrical conductiv-

ity of graphene upcycled from plastic waste promotes the electron

transfer in chloramphenicol electrocatalytic reduction. Our results

realize the first application of polyolefin waste for electrocatalytic

reduction of chloramphenicol, providing a direction of unexpensive

catalyst design from plastic waste for waste-water treatment.

The one-step microwave-initiated M@MAX catalyzed upcycling

process rapidly deconstructs LDPE into H2 fuel and graphitic car-

bon materials (Scheme 1). Under 1000 W, catalyzed by MAX sup-

ported Fe catalyst (Fe@MAX), LDPE turned into solid products with

yield of 30.2 wt% (Fig. 1a) and gaseous products with H2 selectiv-

ity of 67.7 vol% (Fig. 1b). MAX supported Co catalyst (Co@MAX),

MAX supported Ni catalyst (Ni@MAX), and MAX supported Cu cat-

alyst (Cu@MAX) showed H2 selectivity of 62.9 vol%, 69.9 vol% and

67.9 vol% (Fig. 1b), respectively. The slightly lower H2 selectivity

compared to our reported MAX (Ti3AlC2, 75.0 vol%) was proba-

bly because the introduced metals had lower catalytic performance

than Ti [5]. However, Fe@MAX, Co@MAX, Ni@MAX and Cu@MAX

showed similar solid yields (30.2 wt%, 28.6 wt%, 32.5 wt% and

29.4 wt%, Fig. 1a), which mainly due to the major composition

of M@MAX was MAX. Catalyzed by Fe@MAX, Co@MAX, Ni@MAX

Fig. 2. Characterization of M@MLC. (a) PXRD patterns, (b) ATR-FTIR spectra, (c) Ra-

man spectra, (d) TPO and DTG curves.

and Cu@MAX, temperature could reach more than 800 °C in 30 s

(Fig. 1c), and volume could reach highest in 40 s (Fig. 1d), which

illustrates the four M@MAXs showed high microwave adsorption.

The liquid composition from LDPE deconstruction catalyzed by

M@MAX was characterized by GC–MS (Fig. S1 in Supporting in-

formation). The liquid composition could be separated into three

groups similar to our previous work [5]. However, liquid products

were less than 5 wt%, thus, the analysis on liquid products was

not the research focus in the work. The actual loading amount of

metal in M@MAX was less than 0.5 wt% (Table S1 in Supporting

information). And the molality of metal in M@MLC was less than

60 μmol/g (Table S1).

In Powder X-Ray Diffraction (PXRD) patterns of carbon and

MAX supported metal catalyst (M@MLC) (Fig. 2a and Fig. S2 in

Supporting information), the diffraction peaks at 21.5° and 23.9°
corresponding to (110) and (200) reflection planes of LDPE disap-

peared after microwave treatment, indicating the fully decompo-

sition of LDPE [4]. Furthermore, a broad peak (002) appeared at

approximately 26.0°, reflecting the formation of graphitic carbons

[9]. Similar to our previous report [5], Ti3AlC2 was decomposed to

TiC ((PDF #65-8804) and titanium-aluminum alloy (TiAl, PDF #65-

8565) after microwave treatment (Fig. 2a). In a more precise de-

scription, M@MLC is a designed complex with metals loading on

carbon and TixAlyCz. In ATR-FTIR spectra (Fig. 2b), the three sets of

peaks (2914.3 and 2848.7 cm−1, 1471.6 and 1462.0 cm−1, as well

as 731.0 and 717.4 cm−1) assigned to the C–C and C–H absorption

of LDPE faded [4,5,35], further confirming the complete conversion

of LDPE.

Raman spectroscopy reflects the surface defects and graphitiza-

tion degree of carbon and MAX supported metal catalyst (M@MLC)

(Fig. 2c). All the four catalysts showed three characteristic peaks,

the D band at ∼1350 cm−1, the G band at ∼1580 cm−1 and the 2D

band at ∼2680 cm−1 [8,9,11,36-38]. The low ID/IG ratios indicates

they showed high degree of graphitization and few structural de-

fects. And the I2D/IG values reflect the purity of carbon materials.

Fe@MLC showed a high I2D/IG of 0.48, suggesting the high purity

of graphitic carbon phase. The compositions of decomposed car-

bon materials were discussed in detail through temperature pro-

grammed oxidation analysis (TPO, Fig. 2d) and morphology char-

acterizations (Fig. 3).

The morphology of decomposed carbon materials was charac-

terized by scanning electron microscopy (SEM), transmission elec-

tron microscopy (TEM) and atomic force microscopy (AFM). The

carbon phase in Fe@MLC showed a large area layered structure
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Fig. 3. Morphology characterization on the solid product M@MLC. (a) TEM image,

(b) HRTEM image and SAED pattern of Fe@MLC. (c) TEM image, (d) HRTEM image

and SAED pattern of Co@MLC. TEM images of (e) Ni@MLC and (f) Cu@MLC.

and a bit of filamentous carbon in TEM images (Fig. 3a). The lay-

ered structure was proved to be graphene (400 nm-1.2 μm) with

some wrinkles. From the folded edge in high resolution transmis-

sion electron microscope (HRTEM) image (Fig. 3b), the graphene

was found to be multi-layered (5 layers). Graphene showed the

thickness of about 4 nm in AFM image (Fig. S3a in Supporting

information), higher than theoretical value of 5 layered graphene

around 1.7 nm. The actual measured thickness is often larger than

the theoretical thickness of graphite monolayer (0.34 nm) due

to the influence of the substrate and the presence of adsorbent

on the surface [39]. Selected area electron diffraction (SAED, in-

set picture in Fig. 3b) pattern further proved the typical hexago-

nal crystalline nature of graphene [40–43]. Co@MLC also showed

multi-layer graphene (700 nm-1.8 μm) and filamentous morphol-

ogy (Figs. 3c and d, Fig. S3b in Supporting information). Ni@MLC

showed a massive amount of filamentous carbon nanofibers (diam-

eter of 20–30 nm with length about 1 μm, Fig. 3e and Fig. S3c in

Supporting information). Cu@MLC also showed a massive amount

of filamentous carbon nanofibers (diameter of 20–50 nm with

length about 800 nm, Fig. 3f and Fig. S3d in Supporting informa-

tion). The differences of carbon morphologies are mainly affected

by different carbon solubilities, which are mainly influenced by

temperature and the interaction between metal and support [44–

48]. Carbon solubilities affect the carbon availability, nucleation

and growth of carbon materials, which determining the type of

carbon grown [49]. In addition, temperature influences the diffu-

sion coefficient and solubility of carbon in metal-based catalysts. At

a certain temperature, the carbon solubility for metals satisfies the

trend of Fe > Co > Ni > Cu [49,50]. Additionally, different M@MAX

catalysts have different microwave adsorption abilities, resulting in

different reaction temperatures. Therefore, Fe/Co/Ni/Cu@MAX lead

to different hydrogen selectivities and carbon morphologies.

Different kinds of carbon phase show its characteristic peaks

at different temperatures in temperature programmed oxidation

analysis (TPO, Fig. 2d) [4,9,51-53]. Graphitic carbons (CNFs and

graphene) exhibit oxidation mass loss peak at higher temperature

than amorphous carbons. The higher the temperature of the ox-

idation peak, the more stable the carbon phase. Graphene and

MAX supported Fe catalyst (Fe@MLC) showed a strong peak around

800 °C in derivative thermogravimetry (DTG) curves, associated

with high graphitic graphene. Characteristic peak assigned to fil-

amentous carbon was too small to be covered by the strong peak

belonged to graphene. And the peaks attributed to amorphous car-

bon (about 500 °C) were negligible. Therefore, graphene accounts

for the majority of carbon phase in Fe@MLC. However, due to the

mass addition of MAX in air at higher than 200 °C [5], it is diffi-

Fig. 4. (a) Degradation efficiency, (b) pseudo-first order kinetic curves and (c) rate

constants catalyzed by different M@MLCs at −1.2 V (vs. RHE), 25 °C and initial pH

6.30; (d) Photo of electrolyte after CAP degradation catalyzed by Fe@MLC at −1.2 V

(vs. RHE), 25 °C and initial pH 6.30.

cult to quantify the amount of graphene. Similarly, graphene also

accounts for most of carbon phase in Co@MLC. For Ni@MLC and

Cu@MLC, strong characteristic peaks attributed to CNFs were lo-

cated at 830 °C and 815 °C, respectively, indicating CNFs account

for the majority of carbon phase in Ni@MLC and Cu@MLC.

Considering that carbon materials [54–56] and TixAlyCz [5] have

outstanding electric conductivity. And the modification by non-

noble metal could regulate the catalytic performance in electro-

catalysis. We study the CAP electrocatalytic degradation perfor-

mance of M@MLC.

Firstly, we screened different reaction conditions. We studied

the effect of different metals on electrocatalytic dehalogenation

(EDH) of chloramphenicol (CAP) (Fig. 4a). Graphene and MAX sup-

ported Fe catalyst (Fe@MLC) showed the best performance among

the four M@MLC catalysts. Fe@MLC could degrade 94.8% of CAP in

60 min and completely degrade (99.2%) in 90 min at −1.2 V (vs.

reversible hydrogen electrode, RHE). Co@MLC could remove 94.0%

of CAP in 90 min and 99.2% in 120 min. Ni@MLC and Cu@MLC

could degrade 90.7% and 92.0% in 150 min. The better perfor-

mance of Fe@MLC probably due to the more amount of reductive

H∗ produced by Fe and the existence of massive high conductive

graphene which results from Fe selectivity catalyzed LDPE decon-

struction [20,40].

The removal efficiency of chloramphenicol (CAP) follows a

pseudo-first order kinetic model (Fig. 4b), which can be expressed

as Ln(C/C0) = -kt + b, where k is the reaction rate constant

(min−1), b is a constant, t is the reaction time (t), and C and C0
are the concentrations of CAP at times of t = t and t = 0, respec-

tively. The observed rate constant of Fe@MLC reached 0.045 min−1,

higher than 0.032, 0.015 and 0.016 min−1 for Co@MLC, Ni@MLC

and Cu@MLC, respectively (Fig. 4c, Fig. S4 and Table S2 in Sup-

porting information). The results indicate that Fe@MLC electrode

shows a much higher electrocatalytic activity compared to other

electrodes for CAP dechlorination. The photo of electrolyte after

CAP degradation catalyzed by Fe@MLC at −1.2 V (vs. RHE), 25 °C
and initial pH 6.30 were shown in Fig. 4d.

In order to study the effects of metal atoms and carbon ma-

terials in M@MLC, we carried out the chloramphenicol degrada-

tion experiments on different M@MLCs. The rate constants follow

the trends of Fe@MLC > Co@MLC > Ni@MLC > Cu@MLC > MLC.

Fe@MLC showed the best performance among four M@MLC cat-

alysts, and all M@MLCs performed better than pure MLC with no
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Fig. 5. CAP degradation performance at different conditions. Effects of (a) applied

potentials, (b) rate constants verse voltage, (c) temperatures and (d) pH values on

degradation of CAP catalyzed by Fe@MLC; (e) Cycling performance of Fe@MLC.

extra metals, which demonstrates the enhancement of metal atoms

in chloramphenicol degradation. Additionally, we also investigated

performances of MAX supported Fe catalyst (Fe@MAX) and MAX

catalyst. The rate constant of MAX (0.013 min−1) is lower than

that of Fe@MAX (0.024 min−1, Fig. 4c, Fig. S4 and Table S2), fur-

ther proving the effect of metal atom. Compared with Fe@MAX,

Fe@MLC contains carbon materials derived from LDPE decomposi-

tion, and the rate constant (0.045 min−1) is higher than that of

Fe@MAX (0.024 min−1), demonstrating the derived carbon materi-

als promote the chloramphenicol degradation. Therefore, the chlo-

ramphenicol degradation is synergistically promoted by both metal

atoms and carbon materials, which influence the production of re-

ductive H∗ or electron transfer [20,40].

To study the effect of voltage, the experiments were catalyzed

by Fe@MLC under application voltages of −0.3, −0.6, −0.9, −1.2

and −1.4 V (vs. RHE) (Fig. 5a, Fig. S4 and Table S2). The reduction

of chloramphenicol (CAP) was fastest at −1.2 V, reaching 99.2% in

90 min, with k of 0.045 min−1 (Fig. 5b). The reasons could be pre-

sumed as follows: Lower than −1.2 V, the electron transfer is re-

stricted and higher than −1.2 V, the hydrogen evolution reaction

(HER) as a competitive reaction is dominant [57]. Therefore, −1.2 V

(vs. RHE) was selected as optimal voltage for subsequent experi-

ments.

To study the effect of temperature, the experiments were con-

ducted at constant temperatures varying from 10 °C to 40 °C
(Fig. 5c, Fig. S5 and Table S2 in Supporting information). The per-

formance follows the Sabatier principle (Fig. S5c). The rate constant

was highest (0.055 min−1) at 30 °C. Fe@MLC degraded 91.5% of CAP

in 60 min and 99.0% in 90 min at 30 °C. Higher temperatures prob-

ably promote the competitive HER reaction and the lower temper-

atures restrict the electron transfer. Subsequent experiments were

conducted at 25 °C.
To study the effect of pH, we adjusted the initial pH of the elec-

trolyte from 1.72 to 13.03 with 1 mol/L sulfuric acid or 1 mol/L

Fig. 6. (a) Cyclic voltammetry curves of Fe@MLC in 0.5 mol/L Na2SO4 solution

(blank) and 50 mg/L CAP solution. (b) CV curves of Fe@MLC at different scan rates.

(c) Plots of the current density versus the scan rate and (d) AECSA for Fe@MLC, MLC,

Fe@MAX and Pt/C.

sodium hydroxide (Fig. 5d, Fig. S5 and Table S2). At pH 3.87,

the rate constant reached highest 0.11 min−1 at pH 3.87, which

ranks ahead of other reported works (Table S3 in Supporting in-

formation) including commercial Pd/C [20] and commercial Pt/C

[21] electrodes, and Fe@MLC completely degrade chloramphenicol

(CAP) (99.9%) in 60 min. In addition, at pH 13.03, the rate con-

stant reached 0.10 and Fe@MLC completely degrade CAP (99.9%) in

60 min. Therefore, Fe@MLC could efficiently degrade CAP in a wide

range of pH.

The reusability is an important factor of catalyst for electrocat-

alytic dehalogenation (EDH). We tested the reusability of Fe@MLC

for ten cycles (Fig. 5e and Fig. S6a in Supporting information). Af-

ter every cycle, new electrolytes and CAP solution were replaced.

Fe@MLC electrode showed stable performance among the ten cy-

cles. Even after the tenth cycle, Fe@MLC electrode could still re-

move 57.0% of CAP in 30 min, and 96.5% in 120 min and showed

the rate constant of 0.048 min−1 (0.049 min−1 in the first cycle).

All performances prove Fe@MLC is an efficient and stable catalyst

for EDH of CAP.

CV tests were employed to investigate the feasibility for the

dechlorination of chloramphenicol (CAP) (Fig. 6). Without CAP ad-

dition as blank control, a peak current of −4.94 μA appeared at the

potential of 0.09 V (vs. RHE) on the Fe@MLC electrode. By contrast,

after the addition of 50 mg/L CAP, the peak moved to 0.13 V (vs.

RHE) and a new peak appeared at −0.17 V (vs. RHE) (Fig. 6a). The

new reduction peak at −0.17 V (vs. RHE) could be attributed to the

electron transfer from cathodes to CAP since they did not appear

in the absence of CAP.

Fig. 7. (a) Degradation of CAP on Fe@MLC under different t-BuOH concentrations.

(b) Nyquist diagrams obtained at different catalyst electrodes. Inset is the equivalent

electrical circuit used to fit the EIS data.
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Fig. 8. Reaction pathway diagram for EDH of CAP on Fe@MLC.

The electrochemical active surface area (ECSA), an important

electrochemical property of an electrode, is proportional to the

number of active sites of the electrocatalyst, and evaluates the ac-

tivity of electrode materials [20,21,58,59]. Therefore, the ECSA of

commercial Pt/C, Fe@MLC, MLC and Fe@MAX were tested by cyclic

voltammetry (Fig. 6b and Fig. S7 in Supporting information). Cal-

culated from the ratio of current density and voltage sweep rate

(Fig. 6c), the ECSA of Fe@MLC is 277.5 cm2, which is approximately

2.7 times of commercial Pt/C electrode, 4.1 times of Fe@MAX and

1.3 times of MLC (Fig. 6d and Table S4 in Supporting information).

The above electrochemical characterization prove that Fe@MLC has

more active sites than commercial Pt/C, Fe@MAX and MLC, which

means faster and more electron transfer on Fe@MLC. Faradic effi-

ciency (FE) is an efficient parameter to evaluate the performance

of catalyst in electrocatalytic system (described in Supporting in-

formation). In the electrocatalytic system, there are three pairs of

redox reactions involving hydrogen evolution reaction, nitro reduc-

tion and hydrodechlorination (describe later) [60]. Assuming that

all degraded chloramphenicol (CAP) molecules were converted to

CAP-224, FE values of Fe@MLC, Co@MLC, Ni@MLC and Cu@MLC at

90 min were 8.5%, 9.1%, 7.2%, 7.4%, respectively.

Generally, the electrocatalytic dehalogenation reduction process

follows two proposed mechanisms involving direct electron trans-

fer and indirect reduction via atomic H∗ [32,34,61,62]. To identify

the role of H∗ for CAP dechlorination at Fe@MLC electrode, ter-

tiary butanol (t-BuOH) was added as H∗ scavenger (Fig. 7a) [40,63].

However, even with the addition of 20 mmol/L t-BuOH, the degra-

dation efficiency was almost unchanged. When adding 200 mmol/L

t-BuOH, Fe@MLC could still remove 83.6% of CAP in 60 min, with

rate constant remained 0.043 min−1 (Fig. S8 and Table S2 in Sup-

porting information). Therefore, atomic H∗ plays a relatively minor

role in CAP decholorination catalyzed by Fe@MLC.

To further support the direct mechanism, we measured electro-

chemical impedance spectroscopy (EIS) of electrodes. In EIS, the arc

radius of the EIS Nyquist circle corresponds to the electron trans-

fer resistance (Rct) [64–66]. Fe@MLC showed the lowest Rct among

electrodes except for Pt/C, which explained why Fe@MLC outper-

formed other electrodes (Fig. 7b and Table S5 in Supporting infor-

mation). Therefore, the primary dechlorination of chloramphenicol

(CAP) at Fe@MLC electrode is achieved by the direct mechanism.

All these mechanism characterizations prove Fe@MLC is an ideal

electrode to reduce CAP on the cathode surface via direct mecha-

nism.

We identified the intermediate products by LC-MS to specu-

late the reaction pathway of chloramphenicol (CAP) degradation on

Fe@MLC (Fig. 8 and Fig. S9 in Supporting information). Under the

synergistic effect of electron transfer and reductive H∗, it showed

two possible reaction pathways: nitro reduction and hydrodechlo-

rination. With the reaction proceeded, high toxic CAP was con-

verted to less toxic products, including CAP-306, CAP-308, CAP-

292, CAP-272, CAP-258 and CAP-224 [17,21]. Impressively, CAP-224

(N-[1-(4-aminophenyl)−1,3-dihydroxypropan-2-yl]acetamide) is a

not harmful aromatic amine according to ECOSAR program [21,67].

In this work, we illustrated a strategy that treatment of

waste water with waste plastic. We synthesized efficient electro-

chemical catalysts M@MLC for chloramphenicol (CAP) degradation

from microwave-initiated M@MAX catalyzed LDPE decomposition.

Highly graphitic graphene was acquired from LDPE decomposition

in 5 min catalyzed by MAX supported Fe catalyst (Fe@MAX). High

removal efficiency (99.2% in 90 min) and electrochemical active

surface area (ECSA, 2.7 times of Pt/C) are reached catalyzed by

graphene and MAX supported Fe catalyst (Fe@MLC) for electrocat-

alytic dehalogenation of CAP. Fe@MLC retained robust removal ef-

ficiency of 96.5% in 120 min and a high-rate constant k of 0.048

min−1 after 10 cycles. Fe@MLC could completely (99.9%) degrade

CAP at pH 3.87 within 60 min with k of 0.11 min−1 outperform-

ing other works. The electrocatalytic dehalogenation of CAP cat-

alyzed by M@MLC mainly proceeds by the direct electron trans-

fer mechanism. The M@MLC catalysts from plastic waste broadens

the field of catalysts for chloramphenicol degradation and avoid

the use of noble metals in waste water treatment. This work may

attract widespread research interest to broaden the new applica-

tion of plastic waste-upcycled resources and reveals the potential

of treating waste with waste.
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