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Text S1. Porosity experiment. 

The quartz sand (or FP-nZVI) with volume V1 was filled in the 

plexiglas column (internal diameter = 3 cm, thickness = 0.3 cm, height = 

23 cm), and then the deionized water was injected into the column from 

the bottom. After the quartz sand (or FP-nZVI) was saturated, the volume 

of the deionized water was recorded as V2. 

Porosity n=V2/V1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Text S2. Permeability coefficient experiment. 

A plexiglas column (internal diameter = 3 cm, thickness = 0.3 cm, 

height = 23 cm) was filled with quartz sand (or FP-nZVI) of height L. The 

water surface height was maintained constant during the test. The amount 

of water (Q) flowing through the quartz sand (or FP-nZVI) at a certain time 

t was measured with a measuring cylinder and a stopwatch. The 

permeability coefficient (K) of the quartz sand (or FP-nZVI) was 

calculated using the following equation: 

K=QL/Aht 

where A is cross-sectional area of the column, h is the head difference 

between the bottom and the top of the column filled with quartz sand (or 

FP-nZVI). 

 

 

 

 

 

 

 

 

 

 

 

 

 



Text S3. Dispersion coefficient experiment. 

Column filled with quartz sand (or FP-nZVI) of height X. The sand 

column was fully saturated and cleaned with deionized water from bottom 

to top before the KCl solution was injected. The KCl solution with a 

concentration of 0.01 mol/L was continuously injected into the saturated 

sand column. The flow rates were 1, 3 and 5 mL/min, and samples were 

taken in the sampling hole at regular intervals to measure the conductivity 

value until the conductivity value reached stability. The C/C0~t curves were 

plotted. 

Find the time t0.16 and t0.84 corresponding to C/C0 values equal to 0.16 

and 0.84 respectively in the curve. Dispersion coefficient is calculated 

according to the following Equation: 

𝐷 =
1

8
[
𝑋 − 𝑈 ∙ 𝑡0.16

√𝑡0.16
−
𝑋 − 𝑈 ∙ 𝑡0.84

√𝑡0.84
] 

where D (cm2/min) is the dispersion coefficient, X (cm) is the coordinate 

of the calculation point, U (cm/min) is the velocity of pore water in the 

column. 

 

 

 

 

 

 

 

 

 

 



Text S4. Adsorption Experiment of Cr(VI) by quartz sand. 

In order to analyze the physicochemical interaction between adsorbate 

and adsorbent, isothermal adsorption analysis was performed using quartz 

sand (30 g) or one piece of FP-nZVI prepared with 0.8 mol/L iron solution 

in 200 mL of different Cr(VI) concentrations (5, 10, 20, 30, 40, 50, 60 mg/L; 

5, 10, 20, 30, 40 mg/L) at 25°C and pH=5, respectively. The medium 

equilibrium adsorption capacity is calculated by the following formula: 

𝑞𝑒 =
(𝐶0 − 𝐶𝑒)𝑉

𝑊
 

where qe (mg/g) is the adsorption capacity of the medium in equilibrium, 

C0 (mg/L)and Ce (mg/L) are Cr(VI) concentrations at initial and 

equilibrium, respectively, V (L) is the volume of solution, W (g) is the mass 

of the medium. 

The adsorption isotherm data is described by the following models: 

Langmuir model: 𝑞𝑒 =
𝑏𝐾𝐿𝐶𝑒

1+𝐾𝐿𝐶𝑒
 

Freundlich model: 𝑞𝑒 = 𝐾𝐹𝐶𝑒
1

𝑛 

Temkin model: 𝑞𝑒 = 𝑏𝑙𝑛𝐾𝑇 + 𝑏𝑙𝑛𝐶𝑒 

where KL (L/mg) and KF (L/g) are the adsorption coefficient of Langmuir 

and Freundlich models respectively, b (mg/g) is the maximum adsorption 

capacity of the medium to the solute, n is a constant, KT (L/mg) is the 

equilibrium binding constant corresponding to the maximum binding 

energy, and constant b (KJ/mol) is related to the heat of adsorption. 

 

 

 

 

 



 

 

Figure S1. Adsorption Fitting Curve of Cr(VI) by quartz sand. (a) Temkin 

model; (b) Langmuir model; (c) Freundlich model. 

 

 

 

 



Table S1. Porosity related parameters and results. 

Medium V1 (cm3) V2 (cm3) n 

Quartz sand 113.04 57 0.5042 

FP-nZVI 4.95 4.90 0.9908 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S2. Permeability coefficient related parameters and results. 

Medium Q（mL） L（cm） A（cm2） h（cm） t（min） K（cm/min） 

Quartz sand 8 7.5 7.065 0.6 3 4.7181 

FP-nZVI 39 0.2 7.065 0.2 0.5 11.0403 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S3. Dispersion coefficient related parameters and results. 

Flow Rate Medium X（cm） U（cm/min） t0.16 (min) t0.84 (min) D（cm2/min） 

1 

Quartz sand 4 0.2807 10.154 21.163 0.0978 

FP-nZVI 4 0.1429 9.694 60.926 0.1369 

3 

Quartz sand 4 0.8442 3.744 7.957 0.1744 

FP-nZVI 4 0.4286 3.101 19.790 0.2383 

5 

Quartz sand 14.5 1.4036 9.051 13.762 0.2369 

FP-nZVI 1 0.7143 3.143 20.500 0.2889 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S4. Comparison of removal capacity for Cr(VI) by FP-nZVI with 

other adsorbents. 

Adsorbent pH 
Temperature 

(°C) 

qeq 

(mg/g) 
References 

AC/nZVI 4 22 25 [S1]  

AVT-nZVI 5 30 59.17 [S2]  

ZVI-GAM 4 40 15.7 [S3]  

NZVI/GNS 7 25 21.72 [S4]  

NZVI/MMT 3 25 15 [S5]  

PSA-nZVI 5.6 25 138.8 [S6] 

CMC-nZVI@BC 7.5 25 80.71 [S7] 

nZVI-BC 2 25 172.4 [S8] 

FP-nZVI 5 25 19.76 This study 
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Table S5. Isothermal model parameters of quartz sand to Cr(VI), standard 

error was in parentheses. 

Medium 
Temkin equation Langmuir equation Freundlich equation 

KT (L/mg) b (KJ/mol) R2 KL (L/mg) b (mg/g) R2 KF (L/g) n R2 

Quartz sand 
0.28321 

(0.5875) 

0.00497 

(0.0014) 
0.71393 

0.0038 

(0.0009) 

0.10062 

(0.0812) 
0.9380 

0.00065 

(0.0007) 

1.2749 

(0.5310) 
0.8334 

 


