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Abstract

This study introduced an innovative and cost-effective method to improve the quality of Received: 3 May 2024
graphitic carbon nitride. The synthesis of graphitic carbon nitride was achieved using Accepted: 29 August 2024
melamine as a precursor in a controlled CO, gas atmosphere, which represents a novel gas ’

environment. For comparison, other samples were synthesized under common atmospheres Page Number: 71-85

including N, and air. The synthesized photocatalysts were characterized using XRD, SEM,
FTIR, DRS-Vis-UV, and PL analyses. The photocatalysis performance of the synthesized
samples was evaluated using the cationic dye Rhodamine B. The XRD pattern confirmed
the successful synthesis of the samples, which was indicated by the presence of two
prominent peaks corresponding to the crystal planes (100) and (002) at angles of 13.1° and
27.4°, respectively. According to DRS analysis, the samples had the following absorption
edge and band gap values: G-CO, - absorption edge at 503 nm, band gap of 3.08 eV;
G-N, — absorption edge at 510 nm, band gap of 3.04 eV; G-Air — absorption edge at
525 nm, band gap of 2.95 eV. The PL analysis showed that the G-CO, sample exhibited
superior performance in charge carrier separation and inhibition of electron-hole
recombination compared to the other samples. The experimental results showed that
the G-CO, sample had significantly higher photocatalytic performance compared to the
G-N; and G-Air samples. In particular, the G-CO, sample showed a two-fold increase in dye
degradation efficiency compared to G-N, and an eight-fold increase compared to G-Air.
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Experiments were carried out to investigate the influencing parameters for the degradation Keywords.

of the rhodamine B dye. The G-CO, sample showed a removal efficiency of 98% for Graphitic Carbon Nitride,
Rhodamine B dye at a concentration of 25 ppm after 5 cycles of dye degradation and

recovery. Also, the results also showed that the photocatalytic removal of RhB by the G-CO, CO2 Gas Atmosphere,
photocatalyst follows the pseudo-first-order synthesis model. The results of this research Photocatalyst Degradation,
demonstrate the remarkable potential of graphitic carbon nitride synthesized with CO, .

atmosphere in the field of organic pollutant decomposition and water purification. Rhodamine B
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Figure 1. Molecular structure of Rhodamine B (RhB).
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Figure 3. FTIR pattern of synthesized photocatalysts.
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Table 1. Specific surface areas and porosity of synthesized photocatalysts.

Specific surface area

Samples

Total pore volume
Average pore diameter

(m?lg)
G-CO, 56.87
G-N, 20.54
G-Air 9.23

(cm®g)

0.1003 7.055
0.0367 7.155
0.0203 8.817
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Figure 6. (a) UV-visible absorption spectrum of the synthesized photocatalysts, (b) Kubelka-Munk diagram of the samples.
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Figure 6. Photoluminescence (PL) spectrum of the synthesized photocatalysts.

= M/CO,
A 4 MN,
e M/ Al
i A
1S3
Q
A
S A
o Dark 30min 60 min 90 min 120 min

Irradiantion Time

[l G-co,
CIGN,
Bl G-Air

o
N

w A OO N
© © o
PP A

Dye Degradation, %
o

0
Performance of photocatalysts (60 min irradiantion)

Oleass ol pi ju oudh Yiow (sLaCiuwalllS 938 jusuliiculls RhB S ) da (sl )T galis A JSui
(LED 0+ W ao¥ 540 aalio o+ /¥g/l CocuallilS 939 90 YO ppm Sy Gldle F gl jo KO J gdos pH)

Figure 8. The results of rhodamine B dye degradation with synthesized photocatalysts under the same conditions
(Dye concentration 25 ppm, pH =4, photocatalyst dosage 0.3 g/, light source 50 watt LED lamp).
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Figure 9. The results of the effect of the initial concentration of Rhodamine B dye on the degradation rate of this dye using synthesized
photocatalysts (pH = 4, photocatalyst dose 0.3 g/l, light source of 50 watt LED lamp).
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Figure 10. The results of the photocatalyst dosage effect on the photocatalystic degradation rate of Rhodamine B dye
(pH = 4, dye concentration 25 ppm, light source of 50 watt LED lamp).
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Figure 11. The effect of the initial pH of the dye on the photocatalystic degradation rate of Rhodamine B dye
(dye concentration 25ppm, photocatalyst dose 0.3g/1, light source of 50 watt LED lamp).
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Figure 12. The effect of the temperature of the dye solution on the photocatalytic degradation of Rhodamine B dye
(25ppm dye concentration, 0.1 g/l photocatalyst dose, 50-watt LED light source).

(\&8) i 9 290 0 o — e ol gy Jlw — Olasl om0 Siieo &3 pikis

938 5 ,Sdoc I N
VI-AD o — ol 3 (55l

S U5

1S >

cee DAY

A=



VI-AD t im0 — oy ed 3 (6 ylxm

0000000000000 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

9 S 30,5500 )8 GBS 538 3 Shos g 0

vee DD

Bd> Llas po (LS lagiagh b oS aub il Bl (25Ty oo e
Iy T ls cillas o 2l 5 0 26,5 LRB S,

Golal 9 <l b calilB B-Y
G il SlLS Ao laas L (n St Sl
45 el Lagl (5 )anl 5 659 w5 (5l ead i,
Sk 5 R E8lsl 25 (o @l o) 2 GBS 00l 5o
(G-CO2) dalllae (1 5o o0 A ingy il 523
G-CO2 &iges ((\Y) S 3illas .Cawloaoslolas (VF) JSKG jo
amo s A Olseedny | RIB 55, sl § B 85,2 0 5l
Sl 938 45" e Bloply GlySi o v finam 2 S BA>
Bi> sl @Vb ol 5l g 35l 6 nd 8k (Sl end s

Sl 10,95 5 Lsfl slalass 5l aoasV1

0.5
0.0 A
-0.54
=-1.0
O
8-1.5-
= -2.0
- = 10 ppm
25 e 25ppm
=3.04 a 50 ppm
-354 v 75ppm a
0 20 40 60 80 100 120

Time, (min)

S Slalllas F-¥
Lyl U RNB (55, 15526 G aiyl b St lalllas
Bl 928 59 F 1l y S5 Jodoe PH) Gy (Sldes
(o VYo Ll ol s s 0-LED ¥ 55 gt o+ /Y g/l
o dd Joao 50 anlodds gy (V) Jgur 9 (OF) JS2 )0
S gl e 45 Cenlodiony e 2 IN(COIC) oS
Uolas 5 (@ (V) JS5) sl (K1) Jgl &5 po s gy ol
45 oy sy o e 55 (L[C]-1/[Co]) o0 & yo ands
Gl (K2) pgo 4 yo ad ol 80uuS adedun jlogod ol
Joe (V) Jsoz 9 @-(1F) JS) S Bollas (b-(VY) ISC2)
e )0 (25 sl L 6 (Ko Jol Ao 4
i atylp St 4S5 Sl o] Sl a5 ol lacdale
S a5 Jol i e 4t Jooe SIRNB S, e JBLS 528
b S, el palS L aSalo i St Jalwisay 5

35
® 10 ppm [
301 25 ppm b
25{ 4 S0ppm
& v 75ppm »
J 204
-
Q\) 15
~ 10
54 ®
——————————
0- ﬁ'-/ -3 v 5 7
0 20 40 60 80 100 120

Time, (min)

RhB &y Sl 938 A3 50 G-CO; & gad (Saiia ailadlas N Y S
Figurel3. Kinetic studies of the G-CO, sample for RhB photodegradation.
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Table 2. Parameters of pseudo-first-order and pseudo-second-order models for photocatalytic degradation
process of RhB dye with G-CO, sample.

Pseudo-first-order

Dye concentration, ppm

Pseudo-second-order

10 -0.05774 0.9980 0.51581 0.6966
25 -0.03515 0.9102 0.23729 0.5861
50 -0.0096 0.9720 0.01715 0.9113
75 -0.0044 0.9316 0.00569 0.9029
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Table 3. The comparison of photocatalytic performance of G-CO, with previous studies.

Degradation

. Dye
Reaction .
Lamp source Concentration,
atmosphere

ppm

Air LED RhB 10 0.5
Air Sunlight RhB 10 1

N> 500 W Xe RhB 40 0.6
N> 300 W Xe RhB 10 0.2
NH; 300 W Xe RhB 10 0.5
Ar 150 WLED RhB 20 0.6
CO, LED 50W RhB 25 0.1
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Figure 15. Schematic of the photocatalytic degradation mechanism of RhB dye with G-CO; photocatalyst.
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