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Performance evaluation of a rotary photoreactor with linear LED sources
for removing organic dye pollutants via persulfate activation, monitoring
intermediates, and optimizing operational parameters
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Abstract

In this study, a custom-designed rotary photoreactor equipped with LED light and activated persulfate was employed to remove
the persistent dye Basic Red 46 from aqueous solutions. Key operational parameters including initial dye concentration,
persulfate dosage, cylinder rotation speed, and-light source-position were investigated. The results demonstrated that lower
dye concentrations, increased persulfate desage up to 50 mM, a moderate rotation speed (6 rpm), and positioning the LED on
the left side of the reactor significantly enhanced removal efficiency. Kinetic analysis confirmed that the degradation process
followed a pseudo-first-order model. TOC analysis showed a considerable reduction in organic content, indicating effective
breakdown of the dye structure. Furthermore, GC-MS analysis identified intermediate compounds with simpler structures
confirming the mineralization of the dye. These findings clearly demonstrate the high efficiency of the LED/persulfate system
in degrading resistant dye pollutants and highlight its potential for sustainable industrial wastewater treatment.

Keywords: Rotary Photoreactor, LED Activation, Advanced Oxidation Processes (AOPs), Basic Red 46, Persulfate,
Intermediate Products (GC-MS Analysis)
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Figure 1: Schematic of the rotary photoreactor



& g5 T ®
@MMJ;;AQ@

i losT ploxil (g, -Y-F

355155558 09,5 Laigad o Jolone g Dlalgun sy 39381 51 g -0l (33, Blides Glaclale 4y s 9 4t BRAG T jole Jolone ol
FeogVe Ve 0 ) adgl clale bolds ) 9550 syl )ly 08 5518 alejl o0 alides Ll 5 )0 5 LED 58 (il co
G518 Joee g (adB3 )3 )93 % 9 7 ) wlgtl (22 2 S p (Uga oo VO 5 00 YO ) o) iy e (2] 53 05 (e
W5 L o aiado § e aiSTy e 5 i L imles] das ,o slowe PH si5g: il ansl, o 5 35 10 e o LED g5 g
Sy Slp Seiiew sladae (Bl g b plml i slagley j3 @i Slpss ulul p 1Sy (St 18, Jelod ab
Excel I3l 5 g9 5l ayloges s5luoslel 5 mon 5 (sl o (5135 Waosls 0:S3kee 9 08 1S5 )1 aw Galejl 20008 b)) Gl
b).a Origin ;| 5 ol ploxil Excel ;o ¢-IN(C/CO)t oo i 5 RZ 5 K zly5uul) (St sla il g Olawles s ool Origin g
33,5 00lil 1o Joges sl Sl toles S5us 5 i 8l

g e -Y

i 0030y BR 46 (55 il Saiimms b § b sy ~F—)

cbale il s e olis 1) o] (St L, 5 Bds> 005k 5 BRAB SIS, caliss slacdale 15T s pay Yb 5 Ya sla JSCs
Sa b oy oal 5o ol (2als 4y jomie 5 ouds o1 sla JB0ol, b (25515 sl S sladsSUse G ey <old) g S,
w23 a1y (5558 GgmlienST anld (2L 5 00,5 (55T slr sl ) 455 cenlin S9i8 5SS, Ul e L izman 555 o0
)|J§ <[A4FA L /AN o5 4o (R?) et g S g O 6'49 laodale GALQJ 30 5l s  =In(C/Co) alayl, ‘Gi..........; e
Voocdale o (k= 0.0529 mint) STy e Sl it ol Jol A5 e (Seitides Jow 5l 23S Ty (S odiSanl a5 w8 8
oS axdly pals K e wcdale 2l Lol 350 LU 5 40 (2ol (sl arng bl sazmsylas a8 i soslive ;i )5 o5 oo
A Ul Clle anlie oelass oS wims oo i loatdly () Sl loosinS 2S5 5 595 qjgh Sy Gl 5l Al Wil oo
o)l Bim wnl g o Shee (giluainte p xStz

100 35
—=&— 10mg/L ®10mg/L y = 0.0529x - 0.0206
—e— 20mg/L R’ =0.9968
80 30mg/L 31 e20men /, y = 0.0468x - 0.003
—4— 40mg/L R?=0.9958
g 25 30mg/L ) s
60 *40mg/L . e ¥ = 0.033x +0.0902
—_ ) < < R? = 0.9851
& g
I~ E ¥ =0.0239x + 0.0769
wl T15 (e _— R*=0.9903
/ -
1 / ol
/ .
wt |/ . '
05 —
(a) (b)
0 1 1 1 1 1 1 0 = i L i " L L
0 10 20 30 40 50 60 0 10 20 30 40 50 60

Time (min) Time (min)
39 Eadoe 43S 1 190 £ jgige 490 e udo PHB0MY/ Clig y cdale ) B> leail, » BR A6 1555, adgl clale 35U -a 1Y b

Figure 2: (a) Effect of the initial BR 46 dye concentration on removal efficiency (persulfate = 50 mg/L, natural pH, motor speed = 6 rpm,
light source placed on the left side of the cylinder). (b) Kinetic plots of —In(C/Cy) versus time for different BR 46 dye concentrations.
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Figure 3: (a) Effect of persulfate concentration on the removal efficiency of BR 46;dye (dye concentration = 20 mg/L, natural pH, motor
speed = 6 rpm, light source positioned on the left side of the cylinder). (b) Kinetic plots of —In(C/Co) versus time for different persulfate
concentrations.
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Figure 4. (a) Effect of cylinder rotation speed on the removal efficiency of BR 46 dye (dye concentration = 20 mg/L, persulfate
= 50 mg/L, natural pH, light source positioned on the left side of the cylinder). (b) Kinetic plots of —In(C/Co) versus time at
different cylinder rotation speeds.
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Figure 5: (a) Effect of light-source position on the removal efficiency of BR 46 dye (dye concentration = 20 mg/L, persulfate = 50 mg/L,
natural pH, motor speed = 6 rpm). (b) Kinetic plots of —In(C/Co) versus time for different light-source positions. (c) Schematic of the light-
source placement in the rotary photoreactor.
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Table 1: Comparison of goodness of fit metrics for the first- order kinetic model.

—_
rpm 0. 0217 mm B 0.9552 0.845
5 0.0529 min'* 0.9958 0.379
9 0.0468 min'* 0.997 0.468
Dye dose 10 mg.L* 0.0529 min'* 0.9968 0.060
20 mg.L* 0.0468 min* 0.9958 0.060
30 mg.L? 0.033 min’* 0.9851 0.081
40 mg.L* 0.0239 min'* 0.9903 0.047
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Figure 6: Time-course of total organic carbon (TOC) reduction during the advanced oxidation process
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Figure 7: GC-MS total ion chromatograms (TICs) of the BR46 solution at 0, 30, and 60 min of the photocatalytic process; the
numbered peaks correspond to the compounds listed in Table 2.
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Table 2: Degradation byproducts of BR46 identified by GC-MS
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