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ABSTRACT 

 
Nanotechnology is a branch with a great potential and boost today. Nano materials are being widely used for the 

remediation of toxic pollutants. This study evaluates effectively of using commercial zerovalent iron (ZVI) powder and 

laboratory-synthesized nanoscale zerovalent iron (NZVI) particles unde different conditions (temperatures, time and pH) to 

eliminate chlorinated organic pollutants as pentaclorophenol (PCP) and trichloroethylene (TCE) from aqueous systems. The 

effect of pH, temperature, and contact time on chlorinated organic pollutant removal was investigated. The description of 

produced NZVI particles was done via XRD investigation. The dechlorination of PCP or TCE was measured as an indication of 

increasing chloride ion. The results showed that the maximum removal of PCP (100%) and TCE (95%) by NZVI could be 

achieved at lower pH as well as increasing temperature, and increasing time of reaction. Also, the results showed that NZVI was 

more effective to remove pollutants compared to ZVI powder. The removal effluence   by NZVI was increased 21% and 34% for 

PCP and TCE respectively compared with ZVI powder. Nanoscale zero-valent iron (NZVI) is considered as an excellent 

reduction catalyst due to fast degradation of chlorinated pollutants. Thus, in future applications where NZVI is used to remediate 

sites contaminated with chlorinated organic pollutants. 
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INTRODUCTION 
  

Nanotechnology has widespread application 

potential today. Nano materials are being widely used 

for the remediation of toxic pollutants (Saleh and Gupta 

2011). Nano zerovalent iron has become a precious 

material for its remediation abilities of environmental 

(Cloete, et al. 2010 and O'Carroll, et al. 2013). Surface 

area of nZVI is 30 times greater than granular iron per 

unit volume (up to 33.5 m
2
/g). Very large surface area 

of nZVI equals large number of reactive sites for 

degradation. As for,its more reactive (10 to 1,000 times) 

than granular iron. Iron in oxidation state 0 is very 

unsteady, thus reactive and represents one of the 

strongest reducers (Lv et al. 2013). High reactivity and 

relatively large surface area facilitate to combine 

processes reduction, sorption and coagulation into one 

technological step. Final reaction is ferrous and ferric 

oxides and hydroxides that are commonly found in 

nature. Those qualities become the technology 

environmentally friendly. nZVI has been shown as an 

efficient tool for the treatment of various contaminants 

in aqueous systems (Zhang, 2003 and Zi, et al. 

2006,Nunez, et al. 2011,). The removal mechanism by 

nZVI concerns the direct transfer of electrons to the 

contaminants transforms into non-toxic, less toxic 

species or more biodegradable species (Tosco et al. 

2014; Raychoudhury and Scheytt, 2013). Polluted water 

has always been a serious problem to the environment. 

A wide variety of pollutants, including halogenated 

organics, nitro aromatic compounds, heavy metals, and 

anions, has been tried to remediate by utilizing the 

reduction reaction mechanism (Crane and Scott, 2012). 

Particular, Organic contaminants, such as 

Pentachlorophenol, Trichloroethylene, Trichloroethane, 

Dinitrotoulene, and Trinitrotoluene, are present at 

several sites, and these contaminants are listed as 

priority pollutants by the United States Environmental 

Protection Agency (USEPA) due to their toxicity and 

carcinogenicity. The pollution is persistent in the 

environment and they are transformed or degraded 

extremely slowly by natural processes (Vogel et al., 

1987). The United States Environmental Protection 

Agency specified 0.001mg/l as the maximum limit of 

PCP in drinking water, while the European Union 

limited the maximum PCP discharge concentration in 

industrial effluents to 1–2 mg/l (Estevinho et al. 2006). 

The maximum permissible limit of TCE in drinking 

water is 0.005 mg L
-1

 as per US Environmental 

Protection Agency guidelines (Water Quality 

Treatment, 1990). This study evaluates effectively of 

using commercial zerovalent iron (ZVI) powder and 

laboratory synthesized nanoscale zerovalent iron 

(NZVI) particles under different conditions 

(temperatures, Time and pH) to remove 

pentaclorophenol (PCP) or trichloroethylene (TCE) 

from  synthetic aqueous solution. 
 

MATERIALS AND METHODS 
 

Synthesis of zero iron nanoparticles  

Nanoscale zerovalent iron (nano ZVI) was 

formed by adding 1:1 volume ratio of NaBH4 (0.8 M) 

into FeCl3.6H2O (0.2 M) and mixing the solution 

vigorously under room temperature for 5 min. Ferric 

iron was reduced by borohydrate thus nano ZVI was 

formed as the following equation (Sun et al.2006): 

4Fe
3+ 

+ 3BH4
-
 + 9H2O → 4Fe

0
 + 3H2BO3

 - 
+ 12H

+
 + 6H2 

Nano ZVI was filtrated through 0.45 micron filter 

paper thus washed several times with DI water to get 

remove excessive borohydrate. Nano ZVI was dried by 

N2 gas and preserved from the oxidation by maintaining 

a thin layer of ethanol on the top of nano ZVI (Sun et al. 

2006). 

Degradation experiment  

Degradation experiment was carried out to 

compare the efficiencies of nano ZVI and powder ZVI 

to eliminate PCP and TCE from synthetic aqueous 

solution. A PCP or TCE solution was prepared in 

deionized water at initial concentration of 100 mgL
1
. 

The 100 mL of PCP or TCE solution was moved to 250 

mL Erlenmeyer flask and then 1% (w/v) of commercial 

ZVI or NZVI was added. PCP or TCE degradation by 

commercial ZVI and nano ZVI was tested under 

different pH degrees. The pH of the solution was 
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adjusted by pH meter to the desired value (4 and 8) 

using HCL and NaOH solution. Flasks were covered 

and shacked at 150 rpm. PCP or TCE degradation was 

investigated under two different temperatures (25 and 

40 °C). Changes in PCP or TCE concentration were 

measured at different periods (12, 24, and 36 hours of 

shaking). The experiments were performed in triplicate. 

The solution was then filtered and the residual of TCE 

concentration was determined at wavelength 520 nm 

according to the method of Tiwari, et al. (2013) while 

the residual of PCP concentration was determined 

according to the method of Chatterjee, et al., (2001) at 

wavelength 555 nm using a spectrophotometer. The 

PCP or TCE removal percentage (R%) was calculated 

by the following equation: 

Removal% = [(Ci-Ce)/Ci] * 100 

Where Ci and Ce mean the PCP and TCE 

concentrations at the initial time and at equilibrium 

(µg/ml), respectively.  

The sample was titrated for chloride content 

using the silver nitrate titration method. 
 

RESULTS AND DISCUSSION 
 

1. Characteristics of Synthesized NZVI Particles 

Fig: 1. XRD analysis of nano ZVI was synthesized from 

borohydride reduction method. As well as indicated 

crystalline structure of the particles. Here test was done 

by the X- Ray diffraction and sample was done using 

the difractometer. X-Ray diffraction pattern was 

recorded from 10°-80°. The diffract grams is in 

agreement with the XRD pattern of NZVI.  The fig (1) 

also observed that some undesired peaks had been seen, 

due to the impurity phase present in the sample. The 

broad peak revealed the existence of an amorphous 

phase of iron. The characteristic broad peak at 20 of 45º 

indicated that the zero valent iron was predominantly 

present in the sample. 

2. Effect of pH on PCP and TCE degradation 
The pH was also one of the important factors 

in the chlorinated organic pollutants (TCE or PCP) 

degradation by NZVI and ZVI (Figs. 2 and 3). Results 

explained that acidic media were more perfect for 

declination of chlorinated pollutants and performance 

increased when pH was less than 3. These data was 

agreeing with Rasheed et al., 2011 they stated that most 

of the organic pollutants were increased effectively at 

higher pH values in the nZVI. The results showed the 

degradation rate of chlorinated organic pollutants by 

nZVI and Fe powder improved at lower pH, this result 

due to adsorb the chlorinated pollutants onto the iron 

particles surface more readily. At higher pH condition, 

iron is change to insoluble structure Fe(OH)₂ and the 

deposition formed on the iron surface that reducing the 

efficiency of surface adsorption. Also at higher pH 

media, chlorinated compound and Fe particles are 

negatively charged that causing repulsive between them 

(Liu et al., 2012). On the other hand, at acidic 

conditions is done acid washing on metallic surfaces, 

broadly. These reactions, reduces passivation of Fe 

particles and metallic surfaces with Facilitating 

soluability of these hydroxides (Shu et al., 2007).  

Effect of temperature on of PCP and TCE 

degradation 

The effect of temperature on the degradation 

of chlorinated organic pollutants (PCP and TCE) by 

using NZVI and ZVI powder was studied at 

temperature of 25 °C and 40 °C. According to Figs. 4 

and 5, chlorinated compound degradation increased 

with increasing temperature of the reaction solution. 

The degradation efficiencies of PCP by NZVI and ZVI 

powder were reached 92.8% and 62.1% for 25 °C while 

100% and 79% for 45 °C after 36 hour of reaction time, 

respectively. The degradation efficiencies of TCE by 

NZVI and ZVI powder were reached 79.3% and 40.1% 

for 25 °C while 95.0% and 60.71% for 45 °C after 36 

hour of reaction time, respectively. Data observed that 

the degradation rate of chlorinated organic pollutants is 

highly affected by the ambient temperature. Valsaraj 

(2000) mentioned the steps of pollutants degradation by 

iron particles, mass transfer of the pollutant to the Fe 

(0) surface, adsorption and chemical reaction of the 

pollutant on ZVI surface, desorption and mass transfer 

of the reaction products into the solution.  

2. Effect of contact time and type of Iron on 

chlorinated organic pollutants degradation 

Removal efficiency for chlorinated organic 

pollutants (PCP and TCE) at different periods of 12-36 

hour was tested. Data observed that the ideal period for 

PCP and TCE degradation by iron partials were done in 

36 hours. Therefore, degradation of PCP and TCE 

increased when the period increased (Fig. 6). This data 

was due to increment availability in the active bounding 

sites on the sorbent surface area (Engin et al., 2007 and 

Konstantina et al., 2007). Also, the results showed that 

NZVI was more effective to remove pollutants 

compared to ZVI powder. Degradation rate by NZVI 

was increased 21% for PCP and 34% for TCE compared 

with ZVI powder, due to high specific surface NZVI 

particle and higher capability of sorption pollutants 

compared with ZVI powder.  

Fig. 1. XRD of Synthesized NZVI Particles 
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3. Effect of NZVI on the Concentration of Chloride 

ion  

Figure 7 shows the relation between chloride ions 

released from PCP or TCE degradation in the presence 

of NZVI or ZVI. Observed fig 7, the concentration of 

chloride ions remains unchanged at zero time, after that 

a gradually highly jumping in chloride ions 

concentration reached maximum at the 36 hours for 

PCP and TCE. The data observed that undetected 

chloride ions at zero time while it detected with low 

concentration at first time (12 hr) may be due to 

consumption of some ions for producing some reactive 

intermediates such as vinyl chloride and di-

chloroethylene (DCE); thereby, these intermediates are 

very low levels and disappeared quickly (Liu et al. 

2005).  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. The removal of chlorinated pollutants by NZVI or ZVI with  different pH 

conditions at 25 °C temperature. 
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Fig. 3. The removal of chlorinated pollutants by NZVI or ZVI with  different pH 

conditions at 40°C temperature. 
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Fig. 4. The removal of chlorinated pollutants by NZVI or ZVI with different temperature 

conditions at pH 4. 
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Generally, Zerovalent iron (ZVI) can be used for 

the remediation of water contamination with chlorinated 

compounds. The results showed that both of ZVI 

powder and NZVI had effective to remove pollutants 

these data due to ZVI is a strong reducing agent and had 

active iron surface. Degradation by NZVI was more 

effective to remove pollutants compared to ZVI powder. 

These data due to the high specific surface area, nano 

sized ZVI-particles (nZVI) are more reactive than 

granular materials.  

ZVI role in degradation 

1- Oxidized ZVI particles after reaction with 

chlorinated organic pollutants (oxide films formed 

on the surface). 

2- Lower chlorinated intermediate molecules. 

3- Target chlorinated organic pollutants molecules 

diffuse through the solution and adsorb onto ZVI. 

4- Electron transfer from ZVI to chlorinated organic 

pollutants molecules. 

5- Chloride ion release 

Fe
0
 + X-Cl + H

+
  →  Fe

2
 + X-H + Cl

-
 

1) Fe
0
   →  Fe

2+
  + 2e

- 

2) 2H2O →  2H
+
 + 2e

-
 

3) 2H
+
 + 2e

-
 → H2(g) 

4) X-Cl + H
+
 + 2e

-
  → X-H + Cl

-
 

 

 

 

Fig. 5. The removal of chlorinated pollutants by NZVI or ZVI with different 

temperature conditions at pH 8. 
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Fig.6. Effect of contact time and type of Iron on chlorinated organic pollutants degradation at 

4 pH and 40 °C 
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Fig. 7. Effect of NZVI on the Conc. of Chloride ion 
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CONCLUSION 
 

The use of NZVI is a practical effective treatment 

technology for dechlorination of many organic 

chlorinated contaminants due to NZVI relatively high 

reactivity, inexpensiveness and low environmental 

impact. Thus, in future applications where NZVI is used 

to remediate sites contaminated with chlorinated organic 

pollutants, the efficiency can be greatly enhanced by 

maintaining a low pH value in the remediation zone. 
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 إزالت الملىثبث العضىيت المكلىرة عه طريق برادة الحديد عديمت الشحىت ذاث الحجم الىبوى مه الىظم المبئيت
 شريه سبمى احمد و جيهبن حلمى عبد العسيس ،سيد أحمد التهبمى

 مصر -جيسة  –مركس البحىث السراعيت  -معهد بحىث الأراضى والميبي والبيئت 
 

. حقيى هزِ انذساست فعبنيت اسخخذاو بشادة انحذيذ انبيئيتوحسخخذو عهً َطبق واسع نًعبندت انًهىثبث انًدبلاث الأكثش أهًيت انيىو أصبحج حقُيت انُبَى في طهيعت 

، و انخشاي فيُىل راث انحدى انُبَى فً انخخهص يٍ انًهىثبث انعضىيت انًكهىسة يثم انبُخب كهىسو عذيًت انشحُتانًصُعت  عذيًت انشحُت  وكزنك بشادة انحذيذانخدبسيت 

. حى انًهىثبث انعضىيت انًكهىسة صانتنخكسيش وا ىقج انيخخهفت. حى دساست حأثيش دسخت انحًىضت، ودسخت انحشاسة، وكهىسو ايثيهيٍ يٍ انُظى انًبئيت ورنك ححج ظشوف 

 انعضىيت انًشكببث واصانت نخخبع عًهيت حكسيشايىٌ انكهىسيذ  وحى قيبس .عذيًت انشحُت راث انحدى انُبَى بىاسطت خهبص الاشعت انسيُيتانًصُعت بشادة انحذيذ انخعشف عهً 

عهً انخىانً ببسخخذاو   ٪54،  011انبُخب كهىسوفيُىل ، و انخشاي كهىسو ايثيهيٍ وصهج انً  عهً َسبت اصانت نًشكببثأوأظهشث انُخبئح أٌ  انًكهىسة فً انُظى انًبئيت. 

، وصيبدة وقج  (C° 40) انًشحفعت  دسخت انحشاسة ، (pH 4) يُخفضت  حًىضتدسخت رنك ححج ظشوف انحدى انُبَى و  عذيًت انشحُت راث انًصُعت بشادة انحذيذ

 اسخخذاو بشادة انحذيذأكثش فعبنيت لإصانت انًهىثبث ببنًقبسَت يع  جكبَ بشادة انحذيذ انًصُعت عذيًت انشحُت راث انحدى انُبَى. كًب أظهشث انُخبئح أٌ (hr 36)انخفبعم 

نهبُخب كهىسو ٪ 10بشادة انحذيذ انًصُعت عذيًت انشحُت راث انحدى انُبَى انً بىاسطت  انًشكببث انعضىيت انًكهىسةاصانت حهك . وقذ اسحفع يعذل انخدبسيت عذيًت انشحُت  

انعضىيت  شكببثقبث انًسخقبهيت نعلاج انًىاقع انًهىثت ببنًانخطبي يًكٍ اسخخذاو بشادة انحذيذ انًصُعت راث انحدى انُبَى فً. وهكزا، نهخشاي كهىسو ايثيهيٍ٪ 23 فيُىل،

 بشكم كبيش يٍ خلال انًحبفظت عهً قيًت اَخفبض انشقى انهيذسوخيُي في انًُطقت انًعبندت. ويًكٍ صيبدة كفبءحهبانًكهىسة، 


