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Abstract: Moolooite particles with flaky morphology were synthesized by mixing dilute solutions of copper nitrate and sodium oxalate in 
the presence of citric acid. Solution pH value, citric acid concentration, and stirring were found to have large effect on the shape of the pre-
cipitated particles. Under the stirring, the radial area of flaky moolooite particles was enlarged and extended to become a thinner and larger 
flake. This is ascribed to growth promotion caused by the selective absorption of citric ligands onto a particular crystalline surface of the 
moolooite particles. Flaky shape of the moolooite particles tended to become spherical and disappeared completely when decomposed under 
an Ar atmosphere, leading to the formation of large porous aggregated particles composed of many tiny nanosized copper crystals. 
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1. Introduction 

Copper particles with different sizes and shapes are used 
extensively in electronics [12], sensors [3], paints [4], and 
sterilization [5]. Various methods have been developed to 
prepare fine copper particles, such as aqueous reduction by 
hydrazine [6], ascorbic acid [7], formaldehyde [8], and other 
similar methods [912]. In order to satisfy various require-
ments of metal particles for real applications, fine particle 
tailoring principles and techniques have been intensively 
studied by many researchers [1315]. The most common 
tailoring measures are performed in aqueous media by 
scrupulous controlling the precipitation conditions including 
reaction concentration of metal ions or precipitants, tem-
perature, aging time, pH value, and polymer additives. Once 
the particles with special morphology are precipitated, their 
morphologies usually can be maintained by careful thermal 
treatment, and this has become a quite traditional technical 
method for the preparation of various fine particles. There-
fore, shape-tailoring methods are frequently designed by 
focusing on the precipitation process, as indicated in this 
present study. 

Copper oxalate is a common precursor in the preparation 
of CuO and Cu particles in many studies due to its ease of 
being controlled during the precipitation process and its in-

herent good crystallization. Bowen et al. [16] reported that 
flaky copper oxalate particles were formed by using acetate 
ions as the shape tuning additive, which can help tailor 
shape of the precipitated particles. This work suggests that a 
simple anion has the large effect on the shape variation of 
precipitated copper oxalate particles. As to our knowledge, 
work on the tailoring effect of polymers on the morphology 
evolution of copper oxalate is seldom reported. In this work, 
we investigated the special role of citric acid in the forma-
tion of flaky copper oxalate particles, and sequentially syn-
thesized Cu particle products by thermal decomposition. 

2. Material and methods 

Citric acid (Aldrich) was used as the crystalline modifier 
and prepared to a concentration of 10 g/L as a stock solution. 
All the other chemicals were of analytical grade.  

The preparation of copper oxalate particles was carried 
out in glass vessels according to the method reported in 
open references [1719]. Aqueous solutions of Na2C2O4 
(0.1 mol/L) and Cu(NO3)2 (0.1 mol/L) were prepared as 
stock solutions. In a standard synthesis procedure, a solution 
of Na2C2O4 (0.1 mol/L, 5 mL), Cu(NO3)2 (0.1 mol/L, 5 mL), 
and citric acid solution (10 g/L, 1 mL) was injected drop-
wise into 90 mL of water. The solution was then stirred 
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magnetically and the pH value was adjusted to 3.5. This 
gave a final CuC2O4 concentration of 5 mmol/L. This mix-
ture was sealed in a vessel and stirred for 14 h before the 
precipitate was collected by centrifugation. The final con-
centration of CuC2O4 varied from 1 mmol/L to 10 mmol/L, 
and the solution pH value varied from 2 to 6. As the com-
paring, CuC2O4 samples were prepared with no citric acid or 
stirring, but with all the same other conditions. In order to 
compare the thermal decomposition of the obtained CuC2O4, 
the samples were heated in an argon and air atmosphere, re-
spectively. The obtained particles were characterized with 
various instruments. 

The collected powder samples were observed by FESEM 
(Zeiss Supra55, Germany), HRTEM (Zeiss EM-109, Ger-
many), XRD (Rigaku FEN-100, Japan), and TG/DSC 
(Netzsch STA-449, Germany). 

3. Results and discussion 

3.1. Characterization of precipitated particles 

A series of precipitation experiments under different 
conditions were carried out and the typical particle samples 
are shown in Fig. 1. It can be seen that flaky particles were 
formed when citric acid was added as a surfactant; by com-
parison, without citric acid the precipitated particles were 
brick-shaped. Obviously, the role of citric ligands is essen-
tial to the formation of flaky copper oxalate particles. This 
may be due to the selective absorption of citric ligands onto 

a particular facet of the copper oxalate crystal, inhibiting its 
growth in the normal direction, which ultimately results in 
the formation of a flake. It is very interesting to note that 
during the precipitation process, if without stirring, the pre-
cipitated particles were flaky but with a much smaller radius. 
This can be attributed to the improved diffusion of copper 
oxalate monomers under stirring which causes the flaky par-
ticles to grow much faster. Simultaneously, the liquid layer on 
the surface of nuclei particles was also thinner due to the stir-
ring effect. It would be better for copper oxalate precursor 
monomers to diffuse and cross the liquid layer as well as 
deposition on the nuclei surfaces to promote growth. While if 
without stirring, the liquid layer of the nuclei crystal was 
much thicker and the monomers needed to cross a longer dis-
tance, therefore, the nuclei did not get sufficient precursors for 
growth and under the selective absorption of citric ligands 
onto the special facet of copper oxalate crystals, the smaller 
flaky particles would be obtained finally. 

Compared with copper oxalate particles in the literature 
which are reported to be cubic or spherical, the particles 
prepared in this work indicates the great effect of citric 
ligands on the morphology of precipitated particles. Other 
common additives, such as polyethylene glycol (PEG) and 
polyvinyl pyrrolidone (PVP), were also tested but no flaky 
particles were obtained. Therefore, the formation of flaky 
shape can be explained by the coordination effect of copper 
ions and citric functional ligands, which has been elucidated 
in the preceding section. 

  

Fig. 1.  FESEM photos of the precipi-
tated particles obtained by the typical
preparation route in the presence of cit-
ric acid with stirring (a), absence of cit-
ric acid with stirring (b), and presence of
citric acid without stirring (c).  
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Fig. 2 shows the XRD results of the above mentioned 
precipitated particle samples. It can be seen that all the par-
ticles were copper oxalate hydrate, corresponding to mineral 
moolooite (CuC2O4·nH2O, 0 < n < 1). The crystalline size 
was evaluated (~95 nm, ~78 nm, ~90 nm) from the peak at 
2 around 20.3 using the well-known Scherrer equation, 
indicating that the precipitated particles in Fig. 1 were all 
polycrystalline. The sample in Fig. 1(a) was observed with 
HRTEM, as shown in Fig. 3, and it was found that the pre-
cipitated particles were formed by the aggregation of a 
number of tiny nanosized moolooite crystals. 

 
Fig. 2.  XRD patterns of the precipitated particles obtained by 
the typical preparation route in the presence of citric acid with 
stirring (a), absence of citric acid with stirring (b), and pres-
ence of citric acid without stirring (c).  

 
Fig. 3.  HRTEM photo of copper oxalate particles obtained by 
a typical preparation route in the presence of citric acid with 
stirring. 

3.2. TG/DSC analysis 

Fig. 4 shows the TG/DSC results, conducted in flowing 

air and Ar gas, respectively, from the samples in Figs. 1(a) 
and 1(b). It can be seen that the moolooite particle obtained 
in the presence of citric acid, decomposes more easily than 
that without citric acid. The complete decomposition tem-
peratures were 300C and 320C in air, and 340C and 
380C in Ar gas, respectively. Both the moolooite samples 
exhibited lower decomposition temperatures in air than in 
Ar. Obviously, the presence of the citric ligand plays a 
significant role in this process, and it probably causes the 
looser crystalline density of the moolooite crystals due to its 
introduction into the crystal lattice. 

During the pyrolysis process, it can be found that the de-
composition is easier for the copper oxalate particle samples 
prepared in the presence of citric acid. In flowing air, a 
sharp loss in mass occurs between 200C and 300C, which 
corresponds to the acute decomposition of copper oxalate 
with a mass loss of 50.16wt% and 47.60wt% for the two pre-
cipitated samples prepared in the presence and absence of cit-
ric acid, respectively. The decomposition can be written as 
follows: 2 4 2 2 2 2CuC O H O + 1/2O  = CuO + 2CO  + H O.n n  
For comparison, in Ar gas for the same above two precipi-
tated samples, a sharp loss of mass occurs between 200C and 
400C, which corresponds to the acute decomposition of 
copper oxalate with a mass loss of 53.72wt% and 52.10wt%, 
respectively. The decomposition in this case can be written as 
follows: 2 4 2 2 2CuC O H O = Cu + 2CO  + H O.n n  The exo-
thermal peaks were both located at a decomposition tem-
perature range much lower than that of the moolooite sam-
ples obtained without citric acid, which suggests that the cit-
ric acid role in thermal decomposition behavior is quite 
significant. 

3.3. Characterization of decomposed particles 

Fig. 5 shows the XRD pattern of the thermally decom-
posed product in Ar at 350C, and it can be seen that a pure 
copper phase is obtained. Furthermore, the FESEM obser-
vation shows that nanosized copper tends to aggregate into 
larger particles with great porosity, and the original flaky 
moolooite shape disappears completely. This can be ex-
plained that the nanosized flaky moolooite particles have a 
large specific surface in a quite active energy state; therefore, 
they tend to shrink greatly at high temperature during the 
decomposition process, and transform into tiny spherical 
copper particles that further aggregate into larger particles 
with a porous structure. Therefore, because of the large spe-
cific surface area of the nanosized flaky moolooite parti-
cles, the final particle products had a spherical morphology 
which is beneficial for the reduction of active surface en-
ergy. 
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Fig. 4.  TG/DSC curves of copper oxalate particles obtained by the typical preparation route in the presence of citric acid under (a) 
air and (c) Ar and in the absence of citric acid under (b) air and (d) Ar. 

 
 

Fig. 5.  XRD pattern (a) and FESEM
photos (b and c) of copper particles ob-
tained by thermal treatment (under an
Ar atmosphere) of moolooite particles
prepared via the typical preparation route
in the presence of citric acid and stirring. 
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4. Conclusion 

Monodispersed moolooite particles with flaky morphol-
ogy were prepared by precipitation of dilute copper nitrate 
and sodium oxalate solutions in the presence of citric acid, 
and it was found that citric ligands had a significant effect on 
the formation of the flaky shape. The radial area of mooloo-
ite particles can be significantly enlarged by stirring. Pure 
copper nanoparticle aggregates with a porous structure were 
obtained by decomposition under an argon atmosphere. 

Acknowledgement  

This work was financially supported by the Fundamental 
Research Funds for the Central Universities of China 
(FRF-BD-15-004A) for the development of Hi-tech func-
tional materials. 

References 

[1]  Y. Feng and S.L. Burkett, Modeling a copper/carbon nano-
tube composite for applications in electronic packaging, 
Comput. Mater. Sci., 97(2015), p. 1.  

[2]  J.J. Torres-Vega, L.R. Medrano, C.V. Landauro, and J. 
Rojas-Tapia, Determination of the threshold of nanoparticle 
behavior: structural and electronic properties study of 
nano-sized copper, Phys. B, 436(2014), p. 74. 

[3]  M. Asad, M.H. Sheikhi, M. Pourfath, and M. Moradi, High 
sensitive and selective flexible H2S gas sensors based on Cu 
nanoparticle decorated SWCNTs, Sens. Actuators B, 
210(2015), p. 1. 

[4]  S. Švarcová, Z. Čermáková, J. Hradilová, P. Bezdička, and D. 
Hradil, Non-destructive micro-analytical differentiation of 
copper pigments in paint layers of works of art using labora-
tory-based techniques, Spectrochim. Acta Part A, 132(2014), 
p. 514. 

[5]  M.A. Vetten, C.S. Yah, T. Singh, and M. Gulumian, Chal-
lenges facing sterilization and depyrogenation of nanoparti-
cles: Effects on structural stability and biomedical applica-
tions, Nanomed. Nanotechnol. Biol. Med., 10(2014), No. 7, p. 
1391.  

[6]  K.V. Manukyan, A. Cross, S. Rouvimov, J. Miller, A.S. Mu-
kasyan, and E.E. Wolf, Low temperature decomposition of 
hydrous hydrazine over FeNi/Cu nanoparticles, Appl. Catal. 
A, 476(2014), p. 47. 

[7]  Q.M. Liu, T. Yasunami, K. Kuruda, and M. Okido, Prepara-
tion of Cu nanoparticles with ascorbic acid by aqueous solu-
tion reduction method, Trans. Nonferrous Met. Soc. China, 

22(2012), No. 9, p. 2198. 
[8]  J.R. Brush, R.J. Magee, M.J. O’Connor, S.B. Teo, R.J. Geue, 

and M.R. Snow, Nature of the copper (II) complex formed in 
the reaction of formaldehyde with bis((S)-serinato)copper(II), 
J. Am. Chem. Soc., 95(1973), No. 6, p. 2034.  

[9]  Y.J. Wang and K.G. Zhou, Preparation of spherical ultrafine 
copper powder via hydrogen reduction-densification of 
Mg(OH)2-coated Cu2O powder, Int. J. Miner. Metall. Mater., 
19(2012), No. 11, p. 1063. 

[10]  E. Akbarzadeh and S.E. Shakib, Comparison of effective pa-
rameters for copper powder production via electrorefining 
and electrowinning cells and improvement using DOE meth-
ods, Int. J. Miner. Metall. Mater., 18(2011), No. 6, p. 731. 

[11]  J.H. Nie, C.C. Jia, X. Jia, Y. Li, Y.F. Zhang, and X.B. Liang, 
Fabrication and thermal conductivity of copper matrix com-
posites reinforced by tungsten-coated carbon nanotubes, Int. J. 
Miner. Metall. Mater., 19(2012), No. 5, p. 446. 

[12]  K. Bekouche, Z.L. Wang, C.C. Jia, B.W. Liu, and Y. Tang, 
Effects of process parameters on nonaqueous gelcasting for 
copper powder, Int. J. Miner. Metall. Mater., 23(2016), No. 5, 
p. 542. 

[13]  M. Zhou, H. Yang, T, Xian, J.Y. Ma, H.M. Zhang, W.J. Feng, 
Z.Q. Wei, and J.L. Jiang, Morphology-controlled synthesis of 
orthorhombic LuFeO3 particles via a hydrothermal route, J. 
Alloys Compd., 617(2014), p. 855. 

[14]  M. Maeda, D. Uchiyama, M.S. Al Hossain, Z.Q. Ma, M. 
Shahabuddin, and J.H. Kim, Control of core structure in 
MgB2 wire through tailoring boron powder, J. Alloys Compd., 
636(2015), p. 29. 

[15]  H.J. Dong and J.D. Brennan, Tailoring the properties of 
sub-3μm silica core-shell particles prepared by a multi-
layer-by-multilayer process, J. Colloid Interface Sci., 
437(2015), p. 50. 

[16]  P. Bowen, O. Pujol, N. Jongen, J. Lemaître, A. Fink, P. 
Stadleman, and H. Hofmann, Control of morphology and 
nanostructure of copper and cobalt oxalates: effect of com-
plexing ions, polymeric additives and molecular weight, 
Nanoscale, 2(2010), No. 11, p. 2470. 

[17]  J.G. Yu, H. Tang, B. Cheng, and X.J. Zhao, Morphological 
control of calcium oxalate particles in the presence of 
poly-(styrene-alt-maleic acid), J. Solid State Chem., 
177(2004), No. 10, p. 3368. 

[18]  J.G. Yu, H. Tang, and B. Cheng, Influence of PSSS additive 
and temperature on morphology and phase structures of 
calcium oxalate, J. Colloid Interface Sci., 288(2005), No. 2, 
p. 407. 

[19]  J.G. Yu and L.F. Qi, Template-free fabrication of hierarchi-
cally flower-like tungsten trioxide assemblies with enhanced 
visible-light-driven photocatalytic activity, J. Hazard. Mater., 
169(2009), No. 1-3, p. 221. 

 


