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Photocatalytic decomposition of Rhodamine B over
PbMoO4 catalyst

Young In Song

Department of Chemical engineering, The Graduate School,
Pukyong National University

Abstract

Lead’ molybdate(PbMoO,) were ‘successfully synthesized' using a
microwave-assisted method and characterized by XRD, FT-Raman, SEM, PL

and DRS.

We also investigated the.photocatalytic activity of these materials for the
decomposition, of _Rhodamin B under UV-light irradiation.From XRD and
FT-Raman results;. well-crystallized-PbMoQ;  crystals have been successfully
synthesized with the microwave-assisted hydrothermal method and had 42-52
nm particle size. The PbMoO, catalysts prepared using microwave-assisted
process enhanced the photocatalytic activity when compared to that prepared
by hydrothermal method and the catalysts prepared at pH of solution=11 and
105°C showed the highest photocatalytic activity. The PL peaks appears at
about 540 nm at all catalysts and it was also shown that the excitonic PL
signal is proportional to the photocatalytic activity for the decomposition of
Rhodamin B. SEM analysis confirmed the results of the structure of the

catalyst was well.



Cr ion substitute PbMoO, catalysts were used to examine the photocatalytic
decomposition of Rhodamin B under visible light irradiation. They showed a
good photocatalytic activity under visible light irradiation.
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Table 2-2. Microwave frequency range(GHz) [29, 30]

Designation Frequency Range (GHz)
HF 0.003-0.030
UHF 0.030-0.300
VHF 0.300-1.000

L band 1.000-2.000
S band 2.000-4.000
C band 4.000-8.000
X band 8.000-12.000
Ku 12.000-18.000
K 18.000-27.000
Ka 27.000-40.000
Millimeter 40.000-300.000

Sub-millimeter

>300.000

_16_
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Fig. 2-5. Behavior of mlcrowave* in - the ;matﬁlal-\([{)ﬁ transparent (nonpolar
polymer, low—loss. msulatorand ceramics), (B) reflect(conductor
polymer, metal and conductor materials), (C) absorber
(polarpolymer, dielectric ceramics, FeO, ZrO,, SiC etc.) and (D)
selective absorber (matrix = low loss materials and fiber, particles,

additives =absorbing materials).
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Fig. 2-6. Polarization mechanism by microwave heating: (a) electron polarization,
(b) atomic polarization, (c) orientation polarization and (d) space charge

polarization
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Pb(NOg) 2'4H20 % (NH4) 5M07024°4H20 +NaOH + Water
+ Ethylene glycol in Microwave Autoclave

Washing(H,0+Ethanol)

Drying for 12hr at 100°C

pH = 8,9, 10, 11
Time =45, 60, .75, 90 min
Temperature =95, 100, 105°C

Fig. 3-1. Schematic synthesis process for PbMoO,
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Pb(NO;) 2'4H20 + (NH4) 5M07024'4H20 +K2Cr207+
NaOH + Water + Ethylene glycol in Microwave
Autoclave

Washing(H,0+Ethanol)

Drying for 12hr at 100°C

pH = 11
Time = 60 min
Temperature = 100°C
Substitution Cr = 0.25, 05,1, 2, 5%

Fig. 3-2. Schematic synthesis process for PbMo,.CriO,
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2. Xe-arc lamp 6. Pyrex reactor
3. Water filter (Quartz) 7. Stirrer

4. Focusing lens (Quartz)

Fig. 3-3. Schematic' diagram of reaction experimental apparatus.
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Fig. 4-1. X-ray diffraction patterns-of nanosized hydrothmal method and microwave

method.
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Fig. 4-2. X-ray diffraction ‘patterns of nanosized PbMoQ, prepared at various pH

values.
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Fig. 4-3. X-ray diffraction patterns of nanosized PbMoQ; prepared at various

time values.
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Fig. 4-4. X-ray diffractionpatterns of nanosized PbMoO, prepared at various

temperature values.
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4.1.2. Raman 43}
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Fig. 4-5. Raman of PbMoOy;catalysts prepared using hydrothermal method and

microwave-assisted process.
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Fig. 4-6. Raman of PbMoO, catalysts prepared using microwave-assisted process

at various pH values.
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Fig 4-7. Raman of PbMoO, catalysts prepared using microwave-assisted process

at various time values.
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Fig 4-8 Raman of PbMoO, “catalysts prepared using microwave-assisted process

at various Temperature values.
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4.1.3. BET A3}
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Table 4-1. Textural properties of PbMoO, materials.

Catalyst Particle size (nm) (X1 0.3k min™) (:,E.t;)
Micro PbMoO4 pH=11 52 20 0.785
Micro PbMoO4 pH=10 42 17.6 5.992
Micro PbMoO4 pH=9 42 16.8 5.540
Micro PbMoO4 pH=8 42 12.1 5.453
Micro PbMoO4 45min 52 15 2.231
Micro PbMoO4 75min 59 432 2.218
Micro PbMoO24 90min 46 33.2 2.829
Micro PbMo0Q4 95°C 51 23.9 0.652
Micro PbMoO4 105°C 41 55.3 0.728
Hydrothermal PbMoOQO4
59 9.1 0.837

100°C
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Fig. 4-9. UV-vis diffuse- reflectance of hydrothmal method and microwave

method.
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Fig. 4-10. UV-vis diffuse reflectance of PbMoO, prepared at various pH values.
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Fig. 4-11. UV-vis diffuse reflectance of PbMoO,. prepared-at various time values.
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Fig. 4-12. UV-vis diffuse reflectance of PbMoQs prepared at various temperature

values.
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Fig. 4-13. PL spectra. PbMoO, catalysts prepared using: hydrothermal method and

microwave-assisted-process.
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Fig. 4-14. PL spectra PbMoOs catalysts prepared using microwave-assisted

process at various pH values.
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4-15. PL spectra PbMoO, catalysts prepared. using microwave-assisted

process at various time_values.
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Fig. 4-17. SEM images of PbMoO4 catalysts. prepared using hydrothermal method
(@a)and  microwave-assisted  hydrothermal = method . (b):synthesis
temperature=100°C, = microwave = irradiation time=60min, pH of

solution=11.
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Fig. 4-18. Photocatalytic-.decomposition 'of Rhodamin B .over PbMoO, catalysts

prepared using hydrothermal method and-microwave-assisted process.
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Fig. 4-19. Photocatalytic ‘decomposition of Rhodamin.B over PbMoO, catalysts

prepared using microwave-assisted process at various pH values.
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Fig. 4-20. Photocatalytic ‘decomposition of Rhodamin.B over PbMoO, catalysts

prepared using microwave-assisted process at various time values.
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Fig. 4-21. Photocatalytic ‘decomposition of Rhodamin.B over PbMoO, catalysts

prepared using microwave-assisted process at various temperature

values.
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Fig. 4-22. X-ray diffraction-patterns of nanosized-at various Chromium values.
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Table 4-2. Textural properties of PbMo1xCrkOs materials.

Catalyst Particle size (nm) (X1D'3]flmin'1)

MW-UV PbMoO4 59 17.9
MW-UV PbMo0.98Cro.0204 52 458
MW-UV PbMo00.99Cro.0104 52 4.9
MW-UV PbMo0o.995Cro.00504 52 9.6
MW-UV PbMo00.9975Cro.002504 51 1 i ot
MW-vis PbMoOa4 59 4.29
MW-vis PbMoo0.95Cro.0504 59 21.3
MW-vis PbMo00.9sCro.0204 52 17.6
MW-vis PbMo0o0.99Cro.0104 52 15.4
MW-vis PbMoo0:995Cro.00504 52 12.6
MW-vis PbMo00.9975Cr0.002504 51 7.73
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4.2.2. Raman A%
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Fig. 4-23. Raman of PbMoixCriOs catalysts prepared using microwave-assisted

process at various Chromium values.
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4.2.3. DRS A}
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Fig. 4-24. UV-vis diffuse._reflectance of PbMo.«CrOs prepared at various

Chromium values.
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4.2.4. PL 23}
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Fig. 4-25. PL spectra ‘PbMo:xCriO; catalysts- prepared using hydrothermal

method and microwave-assisted process.
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4.2.5. SEM A%}
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Fig. 4-26. SEM images~ of PbMoggsCro0O, —catalysts prepared using

hydrothermal ~method (a)and microwave-assisted hydrothermal
method  (b):synthesis temperature=100°C, - microwave irradiation

time=60min, pH of solution=11.
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Fig. 4-27. Photocatalytic :decomposition of Rhodamin “B over PbMo,CrO,4
catalysts prepared--using -microwave-assisted process at various

Chromium values in ultraviolet light.
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Fig. 4-28. Photocatalytic :decomposition of Rhodamin -B over PbMo,CriO,4
catalysts prepared. “using -microwave-assisted process at various

Chromium values in visible light.
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