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Figure S1. (A) and (B) Scheme of the experimental setup for sorption in presence of 

ultrasonic field and stirring mode; (C) and (D) Photograph of solution after ultrasound and 

stirring. 
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Figure S2. The SEM image of the as-prepared FMPs in the presence (left) and absence of 

ultrasound (right). 
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Fig S3. XRD patterns of Fe3O4 
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Figure S4. M-H curve of the Fe3O4
 
microspheres at 300K 
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Figure S5. Effect of initial concentration on the sorption of Cr (VI): (A) for ultrasound mode 

(sorbent = 0.05 g, ultrasonic frequency = 59 kHz, ultrasonic power = 200 W, ultrasonic 

temperature = 318±2 K), (B) for stirring mode (sorbent = 0.05 g, temperature = 318±2 K). 
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Figure S6. Effect of initial pH on the sorption of Cr (VI) for ultrasound mode (sorbent = 0.05 

g, ultrasonic frequency = 59 kHz, ultrasonic power = 200 W, ultrasonic temperature = 318±2 

K); insert images for stirring mode (sorbent = 0.05 g, temperature = 318±2 K). 
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Figure S7. The energy-dispersive X-ray analysis of Cr (VI)-adsorbed FMPs. 
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Figure S8. Infrared spectra of the as-prepared and Cr (VI)-adsorbed FMPs: red line and blue 

line are expressed as in presence and absence of ultrasound, respectively. 

 

 

 

 



 S10

 

 

Figure S9. Adsorption isotherms for adsorption of Cr (VI) on FMNPs with stirring mode 

(sorbent = 0.05 g, temperature = 318±2 K). 
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Figure S10. Pseudo-second-order kinetics model of Cr (VI): (A) and (B) are expressed as in 

presence and absence of ultrasound with different temperature, respectively; (C) and (D) for 

different frequency and power, respectively (1.0 g L
-1
 sorbent, pollutant = 10 mg L

-1
,). 
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Figure S11. Logarithm of Pseudo-first-order rate constant versus 1/T: red line and blue line are 

expressed as in presence and absence of ultrasound, respectively.  
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Table S1 Adsorption parameters of pseudo-second-order obtained from the kietics for the adsorption Cr 

(VI) on FNPs with different temperature and ultrasonic frequency. 

Mode 
Temperature 

 (K) 

Frequency  

(k Hz) 

Power 

(W) 

k2   

(min
-1
) 

Qe (exp)  

(mg g
-1
) 

Qe (catl)  

(mg g
-1
) 

R
2
 

h
 a
 

(mg g
-1
 min

-1
) 

Ultrasound 

298 59  200 0.00233 6.25 8.53 0.994 0.1695 

308 59 200 0.00131 8.47 12.33 0.986 0.1992 

318 59 200 0.00143 9.95 13.76 0.990 0.2708 

318 50 200 0.00503 6.11 5.77 0.998 0.1675 

318 40 200 0.00498 4.03 4.07 0.998 0.0810 

318 59 40 0.00293 3.27 4.67 0.956 0.0639 

318 59 80 0.00126 4.98 8.38 0.951 0.0882 

318 59 120 0.00092 6.18 10.73 0.934 0.1063 

318 59 160 0.00132 7.96 11.72 0.962 0.1816 

Stirring 

298 / / 0.0125 0.97 1.31 0.975 0.0215 

308 / / 0.00953 1.22 1.66 0.977 0.0263 

318 / / 0.00561 1.47 2.23 0.978 0.0279 

a
: the initial sorption rate h (mg g

-1
 min

-1
) is calculated by the equation h = k2 Q e 

2
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Table S2 Adsorption capacities of Cr (VI) on various sorbents 

Sorbent Capacity (mg g
-1
) Reference 

Riverbed sand 0.15 1 

Coconut shell powder 1.23 2 

Wollastonite 0.83 3 

Fly ash 1.4 4 

Actived alumina 1.6 5 

Sawdust 3.6 6 

Wheat bran 0.942 7 

Spent activated clay 1.5 8 

 Metal layered double 

hydroxide 
28 9 

Aminated polyacrylonitile fiber 20.7 10 

Magnetic nanoparticles* 3.56 11 

Palygorskite clay 58.5 12 

Fe3O4 magnetic particles 
2.03 (Stirring) 

This work 
12.30 (Ultrasound) 
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