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Microwave-assisted Preparation of Copper Hydroxyphosphate and Characteriza-
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Abstract: Copper hydroxyphosphate (Cu,(OH)PO,4) was quickly synthesized by microwave-assisted method at low
temperature (< 100°C) and normal atmosphere pressure, then characterized by XRD, SEM and Raman spectra. The
synthesis parameters were investigated by a series of controled experiments. It is found that molar ratio, initial con-
centration of CuCl, and NaH,PO,, and surfactant species were crucial factors determining the formation and mor-
phology of Cu,(OH)PO,. Cu,(OH)PO, synthesized at different [PO,”] (n(Cu)/n(P)=2) exhibited a various morpholo-
gies including grain-like, prism and long-prismatic. Addition of anionic surfactant and sodium dodecyl sulfate (SDS)
greatly affects Cuy(OH)PO, final morphology. The photocatalytic degradation of Cuy(OH)PO4 on methylene blue
(MB) was evaluated with addition of H,O, under visible light irradiation. The results showed that Cu,(OH)PO, synthe-
sized at conditions when n(Cu)/n(P)=2, [PO,*]=0.0025 mol/L, 6.0 g urea and 0.10 g SDS, microwave heating at 80°C
for 30 min exhibited best visible-light photo-degradation activity. The increase in HO- formation in the presence of

Cu,(OH)PO, and the inhibition of HO- generation by adding HO- scavengers (¢-butanol) indicated that HO- generated
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in the reaction system was responsible for the enhanced MB decomposition. Cu,(OH)PO, exhibited excellent stability

and effectiveness after 5 consecutive runs in terms of photodegradation of MB.

Key words: copper hydrophosphate; microwave-assisted method; low temperature and normal pressure; photo-

catalysis
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Fig. 1 XRD patterns of Cuy(OH)PO, synthesized with dif-
ferent n(Cu)/n(P)

(a) n(Cu)/n(P)=1; (b) n(Cu)/n(P)=2; (c) n(Cu)/n(P)=3; (d) n(Cu)/n(P)=4
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Fig. 2 SEM images of Cuy(OH)PO,synthesized with n(Cu)/n(P)
at 1 (a), 2 (b), 3 (c), and 4 (d)
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Fig. 3 Raman spectrum of Cuy(OH)PO, synthesized with
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Fig. 4 XRD patterns of Cu,(OH)PO, synthesized with dif-
ferent [PO,*"] concentrations (n(Cu)/n(P) =2)

(a) 0.0025 mol/L; (b) 0.005 mol/L; (c) 0.010 mol/L; (d) 0.025 mol/L;
(e) 0.100 mol/L



424 LM R A R

31 %

K5 n(Cu)n(P)=2 I, RNFEMIHE[POSF Cuy(OH)PO, ) SEM I J
Fig. 5 SEM images of Cu,(OH)PO, synthesized with different [PO,’"] concentrations (n(Cu)/n(P) =2)
(a) 0.0025 mol/L; (b) 0.005 mol/L; (c) 0.010 mol/L; (d) 0.025 mol/L; (e) 0.100 mol/L
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Fig. 6 SEM images of Cuy(OH)PO, synthesized without and
with different surfactants

(a) Without surfactant; (b) CTAB (CMC, 0.04 g); (c) PVP (m(PVP)/
[Cu*]=20, 0.64 g); (d) SDS (0.10 g)
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Table 1 Influence of preparation conditions on the
photocatalytic degradation of MB

[PO,*) Tempera- Time Urea SDS Degradation

Test (mol'LY)* ture/’C /min usage/g usage/g efficiency /%
1 0.0025 80 30 6.0 0.10 52.91
2 0.0050 80 30 6.0 0.10 51.06
3 0.0100 80 30 6.0 0.10 47.30
4 0.0025 80 30 3.0 0.05 45.41
5 0.0025 80 30 6.0 0.05 50.79
6  0.0025 80 30 9.0 0.05 68.11
7 0.0025 70 30 6.0 0.10 44.19
8 0.0025 90 30 6.0 0.10 49.68
9 0.0025 95 30 6.0 0.10 60.08
10 0.0025 80 15 6.0 0.10 45.21

11 0.0025 80 60 6.0 0.10 51.61

* n(Cu)/n(P) =2; self-decolorization rate of MB is 1.24%; without
catalyst, decolorization rate of MB is 12.62%; under dark condition,
decolorization rate of MB in Cu,(OH)PO,4-H,0, systemis 22.70%.
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Fig. 7 Surface photovoltage spectrum of Cuy(OH)PO,
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Fig. 8 Possible mechanism in MB degradation by H,O, over
Cu,(OH)PO, catalyst
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a: Cuy(OH)PO4/H,0,-BA; b: H0,-BA
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Table 2 Degradation of MB in consecutive runs using the
recycled Cu,(OH)PO,

Runs Degradation efficiency/%
1 52.91
2 50.64
3 46.82
4 47.45
5 48.66

S % CHk:

[1] XIAOF S, SUN J M, MENG X J, et al. A novel catalyst of copper
hydroxyphosphate with high activity in wet oxidation of aromatics.
Applied Catalysis A: General, 2001, 207(1/2): 267-271.

[2] MENG X J, LIN K F, YANG X Y , et al. Catalytic oxidation of
olefins and alcohols by molecular oxygen under air pressure over
Cu,(OH)PO, and CusO(POy), catalysts. Journal of Catalysis, 2003,
218(2): 460—464.

[3] XIAOF S, SUNJ M, MENG X J, et al. Synthesis and structure of
copper hydroxyphosphate and its high catalytic activity in hy-
droxylation of phenol by H,0,. Journal of Catalysis, 2001, 199(2):
273-281.

[4] MENG X J, LIN K F, SUN J M, et al. Catalytic epoxidation of
styrene over copper hydroxyphosphate Cuy(OH)PO,. Catalysis
Letters, 2001, 71(3): 241-244.

[5] SREENIVASULU P, VISWANADHAM A, NANDAN D, et al.
Synthesis and catalytic applications of amine interacted Cu,(OH)
PO, nanoplates (copper NPs) and tubes (copper NTs). RSC Ad-
vances, 2013, 3(3): 729-732.

[6] ZHAN Y Z, LI H L, CHEN Y L. Copper hydroxyphosphate as
catalyst for the wet hydrogen peroxide oxidation of azo dyes,
Journal of Hazardous Materials, 2010, 180(1/2/3): 481-485.

[71 CHOIS,KIM D W, LEE S, et al. Synthesis of Cu,PO4OH hierar-
chical superstructures with photocatalytic activity in visible light,
Advanced Functional Materials, 2008, 18(15): 2154-2162.

[8] MENG X J, XIAO F S. Novel copper phosphates with high cata-
lytic activities under mild conditions. Acta Physico-Chimica Sinica,
2004, 20(S): 939-945.

[9] CUI L, HUI K N, HUI K S, et al. Facile microwave-assisted
hydrothermal synthesis of TiO, nanotubes. Material Letter, 2012,
75(5): 175-178.

[10] 6. Ti-v-Cu 4@ & W BEIEAT B AR LI & 1
. ICFR, RO AR, 2013.

[11] PR, AR RN & BT IEDTTE. KR, SR L
AL, 2008.

[12] ZHANG X Y, DING Y B, TANG X Y, et al. Degradation of
bisphenol A by hydrogen peroxide activated with CuFeO, mi-
croparticles as a heterogeneous Fenton-like catalyst: efficiency,
stability and mechanism. Chemical Engineering Journal, 2014,

236: 251-262.



