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Abstract  
Methylene blue is the most common colored material that is used to stain cotton, wool and 
silk; it has a high global consumption, and is found in high-tech textile wastewater. In this 
study, the photocatalysis degradation reaction of methylene blue (MB) in polluted water was 
performed using a ZnFe2O4-ZnO-perlite nanocomposite in suspension condition under UV and 
visible LED illumination in a batch photoreactor. To prepare ZnFe2O4-ZnO-perlite 
nanocomposite, first, ZnFe2O4 nanospheres were synthesized by hydrothermal route, ZnO 
nanoparticles were prepared via sol-gel method in media containing perlite and ZnFe2O4. To 
detect prepared nanocomposite, scanning electron microscopy (SEM) images, Fourier-transform 
infrared spectroscopy (FT-IR) and X-ray powder diffraction (XRD) pattern were used. Effects 
of operating factors on photocatalyst degradation such as catalyst amount, powers of UV and 
visible LED lamps, radiation duration and reaction temperature were investigated. The highest 
efficiency was obtained under optimal conditions (3 g/L photocatalyst amount, UV power and 
LED power of 20 watts, the radiation time of 120 minutes and temperature of 35 ºC). The 
kinetic reaction was investigated in optimal conditions and the results showed that its kinetics 
was first order and the results were acceptable in these studies. Based on these results, a method 
for photocatalytic degradation was obtained using a ZnFe2O4-ZnO-perlite nanocomposite, 
which can be used to expand it into industrial form, for wastewater treatment in industry. 
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  چكيده

که در پساب صنايع نساجي به  است زيادبا مصرف  يشمبرو ا پشمپنبه،  آميزينگر براي در جهان نگیر دهماترين رايج بلومتيلن 
در پســاب بــا اســتفاده از نانوکامپوزيــت متــيلن بلــو واكنش تجزيه فوتوکاتاليزگري  پژوهششود. در اين مقدار زياد يافت مي

perlite-ZnO-4O2ZnFe  سوسپانسيون و تابش نورهاي فرابنفش  و مرئي  التدر حLED  شــددر فوتوراکتور ناپيوسته انجام .
با استفاده از روش هيدروترمال سنتز شد.  4O2ZnFeهاي ، ابتدا ترکيب نانوگويperlite-ZnO-4O2ZnFeبراي تهيه نانوکامپوزيت 

. براي شناسايي نانوکامپوزيت تهيه شدژل سنتز -با روش سل 4O2ZnFeو  تدر ادامه، نانوذرات اکسيد روي در محيط حاوي پرلي
ه و همچنين الگوي پراش پرتو ايکس استفاد زير قرمز-شده از تصاوير ميکروسکوپ الکتروني روبشي، طيف سنجي تبديل فوريه

، مدت زمان تابش و LED ئيو مر UVهاي کاتاليزگر، توان لامپ رد. تأثير عوامل عملياتي در تجزيه فوتوکاتاليزگري نظير مقداش
هاي فرابنفش و گرم در ليتر، توان لامپ ۳مقدار نانو فوتوکاتاليزگر با در شرايط بهينه  كاراييو بيشترين  شددماي واكنش بررسي 

از نظر سينتيكي در شرايط  اكنشد. وشمشاهده درجه سلسيوس  ۳۵ دقيقه و دماي۱۲۰زمان تابش  وات، مدت LED ۲۰ ئيمر
ها به دست آمد. بر اساس بهينه بررسي شد و نتايج نشان داد که سينتيک آن شبه مرتبه اول بود و نتايج قابل قبولي در اين بررسي

 توان بــامي هدست آمد كبه ZnFe2O4-ZnO-perliteاين نتايج روشي براي تجزيه فوتوکاتاليزگري با استفاده از نانوكامپوزيت 
 هاي رنگي در صنايع استفاده نمود.گسترش آن به شكل صنعتي، براي تجزيه پساب

  
 )Batchنانوکامپوزيت، متيلن بلو، راکتور ناپيوسته (: كليديهايواژه

 
  مقدمه -١

ز يــ، کاغــذ و نيســاز، چــرم، پارچــه، رنــگيع مختلــف نســاجيصنا
شتر يهستند و در ب يطيمح يهايمنابع مهم آلودگ يخانگ يهاپساب

 يهــاآب يهــاســتميه در سيع بــدون تصــفين صنايکشورها پساب ا
 پساب  يمقدار قابل توجه يع رنگرزيشوند. در صنايه ميتخل يعيطب

 

  
. از شوندميد يز تولي، نهستندها مانده رنگيها باقآن يکه بخش اصل

ن کــاربرد را يتــرعيوســ ٩٨آزو يهــا، رنگين همه انواع مواد رنگيب
 يهــا. رنــگدارندد آسان يو تول ييايميل تنوع در ساختمان شيدلبه
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Hoshiyama et al., 2016, Raza et al., 2016, Behnajady et 
al., 2006).
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Saucedo-Lucero and Arriaga, 2013, Khani and Pezeshki, 
2016, Wu and Qu, 2005, Zhang et al., 2007, Mittal et al., 

2008, Wang et al., 2009, Li et al., 2011, Jia et al., 2011, 
Yang et al., 2004, Taguchi, 1987, Taguchi et al., 2000, 
Roy, 2001, Chen et al., 2017, Masunga et al., 2019, Zhan 

et al., 2018, Zhu et al., 2019).
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Fig. 1. Chemical structure of Methylene blue dye 
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2 Perlite 
3 Bentonite 
4 Clinoptilolite 
5 Methylene Blue (MB) 
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Fig. 2. Scheme of used photoreactor 
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Table 1. Scheme of reactions in LED/UV/ZnFe2O4-ZnO-perlite process 

(1) Consistence of hole and electron by photon 
absorbance

ZnFe2O4-ZnO-Perlite + hν → ZnFe2O4-ZnO (e-
CB +

h+
VB)

(2) Oxidation of water by holeh+
VB + H2O(aq) → H+ + .OH(aq)

(3) Oxidation of hydroxyl ion by holeh+
VB + OH-

(aq) → .OH(aq)
(4) Reduction of absorbed oxygen by electron of 

conduction bande-
CB + O2 (aq) → .O-

2 (aq)

(5) Reduction of produced oxy radicals and dye.O-
2(aq) + dye → dye-OO.

(6) Reaction of dye and holeh+
VB + dye→ dye** → oxidation of the dye

(7) Reaction of produced radicals.O-
2(aq) + HO. + H+→ H2O2 (ads) + O2 (ads)

(8) Reaction of hydroxyls and dye.OH(ads) + dye → degradation of the dye
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Fig. 3. a) XRD patterns and b) FT-IR spectra of prepared samples c) SEM image of ZnFe2O4-perlite nanocatalyst and d) 
SEM image of ZnFe2O4-ZnO-perlite nanocatalyst 
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Fig. 4. UV-Vis. spectra of MB in optimum conditions 
(temperature= 35˚C, initial concentration= 20 ppm, 

photocatalyst amount= 3 g/L, PLED and UV= 20 W,  
Time= 0-120 min 
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Fig. 6. Temperature effect on photocatalytic degradation 
of MB dye (Temperature was 10, 15, 30 and 35 ˚C) 
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Fig. 7. Time effect on photocatalytic degradation of MB 
dye (Times were 30, 60, 90 and 120 min) 
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Fig. 8. LED visible lamp effect on photocatalytic 
degradation of MB dye (Power was 5, 100, 15 and 20 W) 
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Fig. 9. UV lamp effect on photocatalytic degradation of 
MB dye (Power was 5, 100, 15 and 20 W) 
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Fig. 10. Effective parameters on photocatalytic 
degradation of MB 
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Fig. 11. Graph of ]C[]C[ln °
vs time of photocatalytic 

degradation of MB dye (temprature= 35˚C, initial 
concentration= 20 ppm, photocatalyst amount= 3 g/L, 

PLED and UV= 20 W, Time= 0-120 min) 
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Table 2. Summary of the results for various visible-light-driven photocatalysts 

Efficiency (%) Reaction Conditions Photocatalyst Number 
9040 min, 25˚C, 30 mg catalyst, 30 ml pollutantBi2MoO6/BiOBr1

100270 min, 25˚C, 25 mg catalyst, 50 ml pollutantZnO/CdO2
9830 min, 25˚C, 100 mg catalyst, 100 ml pollutantZnO/Ag2O3
98120 min, 35˚C, 3 g catalyst, 1000 ml pollutantZnFe2O4-ZnO-perlite4

Fig. 12. Photocalytic activity mechanism of ZnFe2O4-
ZnO-perlite 
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Fig. 13. Reusability graphs of ZnFe2O4-ZnO-perlite 
photocatalyst 
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