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A Angstrom
Ar Argon
As Arsenic
Cad The different in the adsorbate concentration at the mg/L

initial time and time t caused by adsorption

Gy Adsorbate concentration at breakthrough time mg/L or pg/L
cd* Cadmium

Ce Concentration at equilibrium mg/L

Co Initial concentration mg/L

Gy Desired effluent concentration of BDST model mg/L or pg/L
cr’ Chromium

C Concentration of adsorbate at time (t) mg/L or pg/L
cu?* Copper mg/L
CH;3COOH Acetic acid

cm’/g Cubic centimeter per gram

CP Chloramphenicol

F Linear velocity cm/min
Fe,O5 Iron (IIT) oxide

g/L Gram per liter

H, Hydrogen

HCL Hydrochloric acid

HNO; Nitric acid

HRT Hydraulic retention time

H,SO4 Sulfuric acid

kip Equilibrium rate constant of PFO 1/min

kap Equilibrium rate constant of PSO 1/min

kag Adams-Bohart kinetic constant

ke Rate constant of BDST model L/(mg.h)

Kk Freundlich isotherm constant
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ki

kp

KTn

kyn

L/h

M
mg/L
min
mL/min
m?/g
m’/day

mmol/g

ppm

Jo
Jdo

e

qexp.

Jmax

s

Equilibrium rate constant of IDM

Langmuir isotherm constant

Thomas rate constant

Yoon-Nelson rate velocity constant

Liter per hour

The amount of M3-pIN, packed in the column
Milligram per liter

Minute

Milliliter per minute

Square meter per gram

Cubic meter per day

milimol per gram

Freundlich constant

Saturation adsorbate concentration

Nitrogen

Sodium hydroxide

Nikel

Oxygen

Lead

Part per million

Volumetric flow rate

Column adsorption capacity

Amount of adsorbate adsorbed per unit of dry
weight of adsorbent at breakthrough time
Adsorption capacity at equilibrium
Experimental adsorption capacity

Langmuir maximum adsorption capacity of the
adsorbent

Amount of adsorbate adsorbed per unit of dry

weight of adsorbent at saturation/exhaustion time

mg/g.min or

pg/g.min

mL/min
mg/g or ug/g
mg/g or ug/g

mg/g or pg/g
mg/g or ug/g

mg/g or ug/g

mg/g or ug/g
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qt Amount of adsorbate adsorbed per unit of dry mg/g or ug/g
weight of adsorbent at time t

r Correlation constant

Ry Removal percentage of adsorbate at breakthrough %
time

R Removal percentage of adsorbate at %
saturation/exhaustion time

RF Radio frequency

pm Revolutions per minute

SCCM Standard cubic centimeters per minute

SMT Sulfamethazine

t Service time of column

TC Tetracycline

\Y% Volume

Vy Volume of water treated at breakthrough time L

Z Bed height cm

Zn*" Zinc

AG Change in Gibbs free energy J/mol

AH Change in enthalpy J/mol

AS Change in entropy J/mol/K

pum Micro meter

T The time required for 50% adsorbate breakthrough ~ min
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ABBREVIATIONS
Symbol Description
HMs Heavy metals
ABs Antibiotics
StS Steel shavings
BDST Bed depth service time

M, M, M3, My-pIN,
M;-plAr, M,plO,,
MxplH,

RO

SEM-EDS

SEM- SUPRA 55VP
XRD

XPS

BET

FTIR

MP-AES

HPLC

Steel shavings with particles sizes 0-75; 75-150 and
150-425um; modified steel shavings with plasma in N,
Ar, Oy and H; gases

Reverse osmosis

Scanning electron microscopy - energy-dispersive X-ray
spectroscopy

Scanning electron microscopy SUPRA 55V

Powder X-ray diffraction

X-ray photoelectron spectroscopy

Brunauer emmett teller

Fourier transform infrared spectroscopy

Microwave plasma-atomic emission spectrometry

High-performance liquid chromatography
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Abstract:

The presence of heavy metals (HMs) and antibiotics (ABs) in the aquatic
environment causes critical problems to human health and the environment. The
adsorptive removal of HMs and ABs onto cost-effective adsorbents has a high
potential. In this study, adsorbents were prepared from steel shavings (StS), a by-
product generated from the steel processing industries. Among adsorbents, nitrogen
plasma modified StS (M3-pIN,) has highest adsorption capacities of HMs and ABs.
Adsorption and co-precipitation were the mechanisms for HMs removal by the
adsorbents, while main driving forces for ABs adsorption were hydrogen bonding,
electrostatic and non-electrostatic interactions, and redox reaction. Thermodynamic
data demonstrated that both adsorption processes of HMs and ABs onto the
adsorbents were feasible, spontaneous and endothermic. Solution pH, particle size,
adsorbent dose and contact time exerted great influences on the adsorption process.

Optimal conditions for the adsorptive removal of HMs were pH 5, adsorbent dose
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5g/L, at 25°C. The best removal of sulfamethazine (SMT) and chloramphenicol (CP)
was observed at pH 3, while tetracycline (TC) was ultimately removed at pH 5 (with
the same adsorbent dose of 2 g/L and at 25°C). The Pseudo-first-order kinetic and
Pseudo-second-order kinetic models described the adsorptive kinetics of HMs and
ABs very well. The Langmuir maximum single adsorption capacities of Pb*", Cu2+,
Cd*", Cr'" and Zn*" onto M3-pIN, were: 27.04, 20.64, 16.87, 14.89 and 18.47 mg/g,
respectively. In competitive adsorption of multi-metals solutions, each competitive
solute adsorption capacities were approximately 2-fold less than the single
adsorption capacities. However, the total of competitive adsorption capacities was
higher than those of single solute sorption. Single Langmuir adsorption capacities of
SMT, TC and CP onto M;-pIN, were 2702.55, 2158.36 and 2920.11 pg/g,
respectively. Adsorption capacities of mixed-ABs onto the adsorbents were nearly 2-
fold less than individual adsorption capacities. Furthermore, the metals-loaded M;-
pIN> was well regenerated using sulphuric acid 0.IN after 5 cycles of adsorption-
desorption, while the most effective reagent to regenerate ABs-loaded M3-pIN, was
methanol 0.1N solution after 2-3 adsorption-desorption cycles. The semi-pilot scale
experiments confirmed that fixed-bed column using Ms-pIN, could efficient abate
both HMs and ABs from water with the highest removal efficiencies at a flow rate of
3.47 L/min and bed height of 35 cm. The column adsorption data was well described
by The Thomas, Yoon-Nelson and BDST models. Overall, the application of Mj3-
pIN, for removing HMs and ABs from aqueous solution can provide tremendous

benefits in treating water and reducing solid wastes.
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