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ab s t r ac t
Nano zero-valent iron (nZVI) is an effective way to degrade different compounds. The green syn-
thesis of nZVI showed potential as an alternative to NaBH4 synthesised nanoparticles. In this study, 
a comparison among different nanoparticles (green, bare and polyacrylic acid coated) was carried 
out. Based on the higher stability of green nanoparticles, new extracts obtained from herbal aromatic 
leaves (rooibos, lemon verbena and camphora) were evaluated for the synthesis of nZVI. Two differ-
ent extraction procedures were compared: decoction and infusion. The results showed that using a 
constant temperature of 100°C during the extraction increases the quantity of polyphenols and anti-
oxidants extracted. The antioxidant content was highest in green tea (Camellia sinensis), but reactiv-
ity of synthesised nanoparticles of zero-valent iron is higher when using rooibos (Aspalathus linearis) 
extracts. Synthesised rooibos green nZVIs have been applied to degrade a textile dye, Reactive black 
5, directly and as catalyst in an electro-Fenton process, reaching a decolourisation of 90% and 70% in 
60 min, respectively. The synthesised nanoparticles demonstrated a good performance in the treat-
ment of the polluted wastewater. 
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1. Introduction

Nanoparticles of zero-valent iron (nZVI) have attracted 
much attention for their potential to treat and degrade var-
ious soil contaminants, e.g., chlorinated compounds and 
pesticides. The use of nZVI in environmental remediation is 
increasing.

Production of nZVI has been tackled from differ-
ent approaches: mechanical [1,2] or chemical [3]. One of 
the most common chemical processes is the synthesis 
using sodium borohydride (NaBH4) [4,5]. However, the 

production of nZVI from NaBH4 shows some disadvantages 
such as high cost and toxicity of iron nanoparticle produc-
tion due to costly reagents, the generation of unsafe flam-
mable gas (H2) by-products, toxicity of sodium borohydride, 
tendency to form agglomerates and rapid oxidation of iron 
nanoparticles [6–8]. 

To overcome these problems, the synthesis of nZVI 
requires a different approach. The use of safer solvents 
and auxiliaries helps to design safer and greener nZVI 
alternatives. 

These solvents and chemical products should be chosen 
to perform their desired function while minimizing their 
toxicity and cost. Moreover, the high reactivity with side 


