PREPARATION OF NANOCRYSTALLINE COPPER OXIDE
CATALYST FROM COPPER POWDERS

SAKOLLAPATH PITHAKRATANAYOTHIN
SUCHUTA NAKNAKA
EUMPORN BUAROD

A SPECIAL PROJECT SUBMITTED IN PARTIAL FULLFILLMENT
OF THE REQUIRMENT FOR THE DEGREE OF BACHLOR OF SCIENCE
IN PETROCHEMICAL TECHNOLOGY (INTERNATIONAL PROGRAMS)

FACULTY OF SCIENCE
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG

ACADEMIC YEAR 2011



Title Preparation of nanocrystalline copper oxide catalyst from copper powders

Students Mr. Sakollapat Pithakratanayothin

Ms. Suchuta Naknaka

Ms. Eumporn Buarod
Degree Bachelor of Science
Major Program Petrochemical Technology (International Program)
Academic Year 2011
Advisor Asst. Prof. Dr. Pachernchaiyapat Chaiyasith
Co-Advisor Dr. Ruangdaj Tongsri

ABSTRACT

CuO powders are well-known as a catalyst in many applications including gas sensor and
thermoelectric materials, etc. It is widely used because of its high activity and selectivity in
oxidation/reduction reactions. Nanometer-sized CuQ particles are in interesting because of their high ratio
of surface area to mass, which is expected to enhance catalytic performance of the material. The
nanometer-sized CuO particles were prepared by two different routes. The first involved with reaction of
pure Cu powders with nitric acid to form intermediate Cu(NO,), intermediate. In the second route, glacial
acetic acid was employed to react with pure Cu powders to form Cu(CH,COO), intermediate. After
purification, both intermediates were then reacted with NaOH via a solid-state route to form CuQO
powders. The intermediates and end product were characterized by using Fourier Transform Infrared
Spectroscopy (FT-IR), scanning electron microscopy (SEM) and X-ray diffraction (XRD) technique.
Experimental indicated that synthesis of the nanometer-sized CuO particles via the Cu(NO,), intermediate
yielded slightly higher product output and fine particle sizes with larger aspect ratio. In contrast the
Cu(CH,COO0), intermediate route yielded lower product and fine particle sizes with smaller aspect ratio.
However, due to extremely fine particle size it was observed that particle agglomeration could not be

avoided particularly the CuO powders produced via the Cu(CH,COO), intermediate route.

Keywords: Nanocrystals, CuQ, synthesis, characterization



Acknowledgement

We would like to thank our advisor, Asst. Prof. Dr. Pachernchaiyapat Chaiy.;lsith and our
co-advisor, Dr. Ruangdaj Tongsri for their supervisions in the experiments, helpful suggestions, skill
coaching, encouragements and patience for our mistakes and doubtfulness. We also grateful to
Dr. Pesak Rungrojchaipon and Dr. Samart Kongtaweelert for serving as the chairperson and the

committee and valuable comments.

We gratefully acknowledge Mrs. Thanyaporn Yodkaew and technical staff in National Metal and
Materials Technology Center (MTEC) for teaching and helping us to use XRD, SEM, TEM and FTIR,

which made them a hard work from our project.

Sincere thank are due to the Faculty of Science, King Mongkut’s Institute of Technology
Ladkrabang and National Metal and Material Technology Center for support us in work place,

equipments, chemicals and public utilities.

We would like to extend a sincere appreciation to all of professors, and friends for their support
and encouragement. Especially, we dedicate the work to our family for their moral support. Lastly, we
offer our regards and blessings to all of those who supported us in any respect during the completion of

the project.

Sakollapath Pithakratanayothin
Suchuta Naknaka

Eumporn Buarod



Table of Contents

Abstract
Acknowledgement
Table of contents
List of tables
List of figures
Chapter 1 Introduction
1.1 Motivation
1.2 Objectives
1.3 Scope
1.4 Expected result
Chapter 2 Literature reviews
2.1 Copper (II) oxide
2.1.1 Properties
2.2 Copper (II) oxide nanoparticles
2.2.1 Application
2.2.2 Preparation method
2.2.3 Characterization
2.3 Copper compound
2.3.1 Preparation
Chapter 3 Experimental details

3.1 Chemical
3.2 Instrument
3.3 Preparation of copper nitrate

3.4 Preparation of copper acetate

3.5 Preparation of CuO nanoparticles using solid-solid reaction

3.6 Characterization of particles

3.7 Effect of reactant study

Pages

II
III

O & & b s

22
30
31

32
32
32
33
34
35
38
39



Chapter 4

Chapter 5

References

Table of Contents (con’t)

Results and Discussion

4.1 Synthesis route characters

4.2 Characterization of synthesized intermediates

4.3 Characterization of CuO nanoparticles by XRD

4.4 Observation of CuO nanoparticles by FE-SEM and TEM

4.5 Elemental analysis of the synthesized CuO nanoparticles by SEM-EDS

Conclusion and Suggestions
5.1 Conclusion

5.2 Suggestions

Pages
40
40
41
46
48
50

52
52
52

53



Table 2.1

Table 4.1

Table 4.2

Table 4.3

Table 4.4

List of Tables

The Physical and chemical characteristic of Copper (II) oxide
Product yields of the synthesis routes for CuO nanoparticles
Comparison of functional group vibrations of

nitrate hydrate salts due to interactions with the infrared
Comparison of functional group vibrations of

acetate hydrate salts due to interactions with the infrared.

CuO particle sizes determined by TEM and XRD

Pages

40
42

43

50



Figure 2.1
Figure 2.2

Figure 2.3

Figure 2.4
Figure 2.5
Figure 2.6
Figure 2.7
Figure 2.8
Figure 2.9
Figure 2.10
Figure 2.11
Figure 2.12
Figure 2.13
Figure 3.1
Figure 3.2
Figure 3.3
Figure 3.4
Figure 4.1
Figure 4.2
Figure 4.3
Figure 4.4
Figure 4.5

Figure 4.6

List of Figures

A structure of Copper (II) oxide

HRTEM image of CuO nanorods obtained after hydrothermal treatment
(A) FE-SEM images of CuO nanowires

(B) TEM image of CuO synthesized by the CHM method.

(C) FE-SEM image

(D) TEM image of CuO synthesized by the CMS method

SEM image of CuO nanoplates

TEM image of CuO nanopindle

Phase change occur in high-temperature copper oxide superconductors
XRD pattern of Copper oxide

XRD machine

TEM of CuO nanoparticles (QinetiQ Nanomaterials Ltd)

TEM machine

The sample analysis process

FTIR machine

SEM machine

Preparation of Copper nitric from copper powders

Preparation of Copper acetate from copper powders

Preparation of Copper (II) oxide Nanoparticle by copper nitric
Preparation of Copper (II) oxide Nanoparticle by copper acetate
XRD pattern of Cu(NO,),"3H,0

XRD pattern of Cu(CH,C00),-H,0

FTIR peaks of Cu(NO,),-3H,0

FTIR peaks of Cu(CH,CO0),"H,0

XRD pattern of the synthesized CuO nanoparticles from Cu(NO,),-3H,0 intermediate

XRD pattern of the synthesized CuO nanoparticles
from Cu(CH,COO0), H,0 intermediate

Vi

Pages

11
23
24
25
26
27
27
30
33
34
35
36

44
45

45

47



List of Figures (con’t)

Pages
Figure 4.7 SEM micrographs of CuO nanoparticles; 49
(a) and (b) obtained from the reaction between Cu(NO,),-3H,0 and NaOH
(c) and (d) obtained from the reaction between Cu(CH,C0OO0),-H,0 and NaOH
Figure 4.8 Bright field TEM images and SAED patterns of CuO nanoparticles; 50
(a) obtained from the reaction between Cu(NO,),3H,0 and NaOH
(b) obtained from the reaction between Cu(CH,C0OO0),"H,0 and NaOH
Figure 4.9 EDS spectra of CuO nanoparticles; 51

(a) obtained from the reaction between Cu(NO,),-3H,0 and NaOH
(b) obtained from the reaction between Cu(CH,C0OO),"H,0 and NaOH

Vil



Chapter 1

Introduction

1.1 Motivation

Tenorite or cupric oxide (CuO) is widely used as a catalyst due to its high activity and selectivity
in oxidation and reduction reactions [1-3]. It can be used as a single catalyst, such as; for carbon monoxide
oxidation [4] and for lactic acid production from glucose under hydrothermal conditions [5]. CuO can be
used as a co-catalyst with various oxides for different applications. Co-catalysts of CuO with ZnO were
used for methanol formation [3], for phenol oxidation in water [6] and for carbon monoxide oxidation [7].
Co-catalyst of CuO with AgO was employed for carbon monoxide oxidation [8]. Co-catalysts of CuO
with CeO, were used for many applications including carbon monoxide oxidation [7, 9], volatile organic
compounds (VOCs) oxidation [10], carbon monoxide removal [11] and water gas shift reaction (CO +
H,0 — CO, + H,) [12-14]. Co-catalysts of CuO with WO, were employed for organic substance
photodegradation [15, 16]. Some complicated catalyst systems including CuO/ZnO/ALO, [17],
Cu0/ZnO/Cr)0, [18], CuO, ZnO, Cr,0,/AL,0, [19] and CuO/Cr,0,-Ga,0, [20] were employed for water
gas shift reaction. CuO is also applied in the forms of supported catalysts including zeorite encapsulated
nanocrystalline CuO for oxidation of secondary alcohols [21], heterogeneous CuO/X zeorite for solar
photocatalytic degradation of o-phehylenediamine [22], CuO/SnO, catalyst for H,S gas sensors [23] and
CuO/ALQ, catalyst for selective NO-CO reaction [24].

CuO nano-particles are promising for many applications due to a large surface area per mass of
the material. Various methods have been employed to produce CuO nanoparticles including one-step
thermal decomposition [25], one-step hydrothermal method [26], one step solid state reaction [27], sol-gel
method [28-31], sonochemical preparation [32], microwave radiation [33, 34], infrared irradiation [35],
alkoxide-based synthesis [36], precipitation-pyrolysis [37], flame spray pyrolysis [38] and precipitation-
stripping method [39]. Most of these methods suffer from material preparation difficulties due to
complicated equipment sets, long times and high temperatures. A simple and efficient synthesis of CuO

nanocrystals is obviously promising for industrial scale production. In this research, we are interested in



development of a simple route for producing CuO nanocrystals from water atomized Cu powders. It was
reported that Cu(NO,), could be used as a starting materials to produce Cu(OH)2 nanowires, CuO
nanowires and CuO nanobelts [40]. Thermal decomposition of Cu(NO,),"3H,0 could yield CuO as a final
product [41]. Experimental results showed that a hot aqueous solution of copper acetate, added with
glacial acetic acid and NaOH could yield CuO nanocrystals [42] An ionic liquid assisted one-step low-
temperature solid-state route using Cu(CH,COO),’H,0 as a starting material is a simple and efficient
method for preparation of CuO nanocrystals [43]. From the literatures given above, it is possible for us to
prepare CuO nanocrystals from Cu powders via two chemical precursors, such as Cu(NO,),-3H,0 and
Cu(CH,C00), H,0. However, once these precursors have been prepared from Cu powders, a one solid-
state reaction is then conducted to produce CuO nanocrystals. Chemical reactions for our approaches are

as follows;

Synthesis via Cu(NO,),-3H,0 intermediate;

Cu + 4HNO, —>  Cu(NO,), + 2NO, + 2H,0 (1)

Cu(NO,), + 2 NaOH —>  CuO +2NaNO, + H,0 )

Synthesis via Cu(CH,COO),-H,O intermediate;

Cu + H,0, + 2CH,COOH —>  Cu(CH,CO0), + 2H,0 ©)
Cu(CH,COO0), + 2NaOH —>  CuO +2Na(CH,C00) + H,0 (4)
1.2 Objective

1. To investigate the effect of copper compounds prepared from copper powders on morphology
of copper (II) oxide nanoparticles.
2. To prepare well-defined copper oxide nanoparticles, with narrow particle size distribution.

3. To compare the morphology of copper oxide that prepared from different copper compounds.



1.3 Scope

1. For preparation of copper (II) oxide nanoparticles
A. Cu powders are used as starting materials.
B. Copper nitrate & Copper acetate and NaOH are used as reactants.
2. For characterization of copper (II) oxide nanoparticles, the XRD, FTIR, SEM and TEM were

used.

1.4 Expected results

To obtain suitable condition of the solid-solid reaction for prepared a well-defined copper (II)

oxide nanoparticle.
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There are various methods for synthesis of nanoparticles. In the two decades, the CuO have been
studied in a nano scale. There are many methods has been developed to achieve the definite size and
shape. Chen et al. [57] produced Cu and CuO nanomaterials from inverse micelle solutions. A latter year,
many researches had reported incessantly, Kumar et al. [47] prepared a stable colloidal solution of copper
(II) oxide 6 nm in octane by an inter phase synthesis at interaction of copper (II) oleate and sodium
hydroxide is solved in octane and water, respectively. He said that method was too elaborate and not

suitable for preparation of CuO nanoparticles in large amounts.

In the 1998 the solid-solid reaction under ambient condition was discussed by D.Chen, G.Shen,
K.Tang [57], they presented a single-phase CuO with monoclinic structure with an average size of 12 nm
were obtained but it was stable due to grains grow with time, which can be manifested by both XRD and
Raman spectroscopy. None of research studies further for this method. In next year the metal-organic
decomposition technique was applied to synthesis the CuO in polypyrole and D. Chen et al. [57] reported
copper (II) oxide sols of definite size and shape in aqueous solutions. In addition in 1999, the direct
deposition method allowed the precipitation of the tenotite copper (II) oxide in large amounts. However it

was too difficult to control the grind size of the resulting copper (II) oxide.

A. K. Srivastava et al. [47, 48 and 59] developed a novel sonochemical method. This method has
been successfully to synthesis the CuO nanoparticles in various organic solvent such as DMF. Using
copper acetate as starting material, this method only affords the formation of CuO in a very low yield.
Moreover in the same year he tried to develop new sonochemical method to prepare in a high yield but
need expensive ultrasonic equipment with severe condition of reaction and excessive organic solvents. He

continued the preparation of high purity nanocryatlline CuO in the next year.

Zhong-shan Hong and Yong Cao, Ying-fa Deng [60] reported successfully novel alcoholthermal
process using copper acetate as starting material at mild conditions to achieve a stable CuO nanoparticle
of 3-9 nm with a yield of as high as 100% at 110°C. The result was investigated by TEM, XPS and XRD.
Hong et al. [61] reported the preparation of nanosized CuO by alcohothermal route, but the organic

solvent in large amount were required in the preparation process, in 2002
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Wang et al. [62] have been successfully prepared CuO nanoparticles with an average size of 4
nm. Using Copper (II) acetate and sodium hydroxide as the starting material and absolute ethanol as
solvent. PEG was used to prevent the CuO nanoparticles agglomeration of over 200 nm. This method
produced with regular shape, small size, narrow size distribution and high purity. But it was failed to
obtain pure single phase of CuO. The products obtained were mixtures of monoclinic CuO and some other
unknown products. Xia and co-workers [63] produced CuO nanowise but required the severe reaction

aonditions and heat treatment over 500 °C

A. K. srivastava prepared the CuO nanorod which is a one state that has been studied. A copper
foil were annealed that leaded to the information of CuO nanorods spread in a large area. It was found that
under the same conditions of growth gave nanorods of similar diameter and length so indicate that this
method is reproducible. D. Chen and coworker [57] prepared a unique shuttle-like morphology
nanocrystals have been obtained via a simple and convenient hydrothermal decomposition route by
CuCl,.H,0 and NaOH were used as starting materials. The product was characterize by XRD, TEM,
Raman spectra and XPS which found the CuO crystal have regular shape, uniform size distribution with
high yield. It was reported that with the increasing the reaction time, the shuttle-like CuO crystals may

further grow into flower-like crystals.

J. Zhu et al. [59] developed a successfully novel quick-precipitation method for the preparation of
6 nm of highly dispersed CuO nanoparticles and narrow particle size diatribution, which shown in the
TEM image, using copper acetate aqueous solution and sodium hydroxide as starting materials. It was
reported that spherical, ellipsoidal and needle shaped CuO nanocrystals can be obtained by varying there
action conditions, temperature. The differences of shape represent the surface area of CuO particle which
play an important role for its application. That was very interesting at that time. XRD presented no peak of
impurity. The UV-Visible absorption spectra were used to investigate the dispersion. Needle-shaped
nanocrystalline CuO was prepared continuously by liquid hydrolysis of Cu(OAc), [63]. The result was
showed that the diameters of the needle-shaped CuO nanocrystals can be controlled between 10 and 45
nm simply by varying the concentration of Cu(OAc), solution, the presence of small amounts of

cetyltrimethylammonium bromide (CTAB) can render needle-shaped CuO well dispersed.
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G.H.Du, G.Van Tendeloo [64] discussed the growth mechanism of nanostructures via one
dimensional nanostructure because of the most active area. CuO nanowires were prepared by self-
assembly of nanocrysals with a size of 4x9 nm. No organic template and catalyst are needed and the
method is suited for large-scale preparation. The microstructures of these nanoscale products are analyzed
in detail using transmission electron microscopy (TEM), which allows proposing a formation mechanism.
These nanocryarals tend to orient their (110) axis parallel to the growth direction. The diameter of CuO
nanowires are in the range from 5-20 nm and their length varies from 500 nm to 2 um. The CuO nanobelts
are single crystalline and lie on the (001) plane with the edge surfaces as the (110) crystal plane; the
growth direction is the (010) direction. F. Teng et al. [65] have reported the self-organization of CuO

hierarchical microspheres.

Manmeet et al. [66] have been synthesized CuO nanowires by thermal oxidation of copper foils in
oxygen atmosphere. The branching of nanowires has been expected to further improve their gas sensing
and catalytic properties due to increase in surface-to-volume ratio. Morphology and microstructure of the
nanowires was studied as a function of temperature and annealing time using scanning electron
microscopy, energy dispersive x-ray analysis, x-ray diffractograms, x-ray photoelectron spectroscopy,
transmission electron microscopy and selected area electron diffraction. Nanowires were found to grow
perpendicular to the surface of copper foil preferentially along (101) direction. The length of nanowires
was maximized by increase with annealing time and for long times branched structure was observed. A
“blue-shift” in comparison to bulk CuO was observed in the band gap as determined from optical

absorption spectra. For this method, it provides simple, convenient and fast method.

T.Ahmad et al. [67] revealed the reverse-micellar route to synthesis copper oxide nanoparticles
of 25-30 nm size with minimal agglomeration by water-in oil microemulsions with two different a polar
solvent (isooctane and n-octane). The samples studied was shown that the grain size was highly dependent
on the nature of non-polar solvent, 25-30 and 80-90 nm sized nanoparticles with isooctane and n-octane,
respectively. The Neel temperature of CuO nanoparticles obtained from isooctane was abount 80K. For
the larger particles obtained from n-octane, the transition temperature shifted to higher temperature (220

K) near that of the bulk. It can be said that the mature of the oil phase affected the size of the
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nanoparticles, since they obtain much larger (80-90 nm.) particles using the straight chain hydrocarbon (n-
octane). The onset temperature of weak ferromagnetism was size-dependent and decrease with size,

although the short-range antiferromagnetic correlations appear unaffected.

L.Sun et al. [68] reported that aggregation of CuO nanoparticles was supposed to be made
through the adsorbed NH, molecules. The liquid ammonia can be used as primary material being synthesis
the CuO nanoparticles. TEM image indicated that the size of CuO nanoparticles were in the range of 5-10

nm, but aggregation could not be avoided.

J. Pike et al. [58] studied CuO nanoparticles dispersion in non polar media with no dispersant
added or using oleic acid as the dispersing agent, respectively. M. Guedes et al. [69] studied CuO
nanoparticles dispersion in water with no addition of dispersing agents. Djinovic et al. [14] prepared
CuO/CuO composite hallow microspheres with controlled diameter and composition. S.wang et al. [70]
fabricated CuO nanoparticles interlinked microspheres cages by solution method. They reported the
synthesis of CuO with the tetrahedral nanocage morphology by the oxidation of alpha-Cul

nanotetrahedrons. This method concentrated in the crystalline structure,

Dong Yan Han et al. [71] have improved the reversed micelles via microemulsion method. They
described new water-in-oil reverse micelles used to prepare CuO nanoparticles, i.e. TritonX-100 / (n-
hexanol + n-pentanol) / cyclohexane / water micro emulsion system. It was presented pseudoternary phase
diagram. The size, shape and size distribution of CuO nanoparticles were strongly affected by molar ratio
of water to surfactant. The morphology features of the nanoperticles investigated by TEM show that the
particles with a spherical shape at lower water content were monodispersion with minimal agglomeration.
With water content increasing, the particles size become larger and took different shape. Usefully, being
route to the synthesis of metal oxides with different morphologies and size distributions. However, little
work has been published concerning the preparation of CuO nanoparticles by means of the microemulsion

method in literatures.

Recently, nanostructures of semiconductors have caught attention due to the unique property of

having a huge surface-to-volume ratio which was expected to enhance the performance of the devices
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based on semiconductor nanostructure. An oxidation reaction is one of the more practical and simple ways
of synthesis. P. Pak et al. [5S0] have published their research in 2008 the oxidation reaction of copper plate
has been revealed to prepare the CuO nanowires using various ethanol concentration. They studied the
CuO nanowires gas sensing properties. It was found that from FE-SEM, EDS and TEM characterization,
CuO nanowires exhibited diameters of 100-400 nm having a monoclinic structure with a growth along
(110) direction. Moreover, the CuO nanowires sensor responded to ethanol vapor, exhibiting the optimum
sensitivity of 1.5 to an ethanol vapor concentration of 1000 ppm with a working temperature of 240 °C,
the response time of 110 s and recovery time of 120 s. The CuO nanowires could be explored for gas

sensor application.

CuO nanostructures have been also synthesized in ionic liquid [72]. It was assisted one-step, low-
temperature solid-state route. This is a new synthetic alternative to synthesize nanomaterials with specific
alternative such as convenience, economical, less energy, material consumption and high yield. Besides,
J.W Zhu and coworker prepared CuO bulk and CuO film [73] with network like structure and negative
electrodes was applied on lithium ion batteries. However, there were almost no reports about the

application of CuO on capacitors by.

H. Zhang et al. [73] synthesized a flower-like CuO by a simple chemical precipitation method at
low temperature 80°C. As above this shape has been found coincidentally by D. Chen and coworker in
2003. They found that flower-like CuO had a higher specific capacitance and excellent cycle performance.
The electrochemical property of copper oxide could be enhanced greatly by the improving of morphology.
The morphology of CuO nanocrystals can be influenced by category of alkali. The specific capacitance of
flower-like CuO is higher than CuQ sheet and globular CuO. The attained value demonstrates that CuO
have an ideal capacitance property and low-cost CuO is a potential electrode material in capacitor. The
XRD patterns showed the monoclinic CuO phase with lattice constants. No obvious peak of impurity was

found.

M.A.Dar et al. [74] revealed the CuO nanoneedles synthesized by hydrothermal method. It
presented the formation of high-density CuO nanoneedles with ultrathin nanotip at low temperature. The

CuO nanoneedles have monoclinic structure with single crystalline phase. It revealed a ferromagnetic
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behavior of the CuO nanoneedles. Next few days, 25" June 2008 Microwave-hydrothermal methods, by F.
Teng et al. [65] have also been employed to control the morphologies of these oxides. This reported an
effective method to obtain the desirable crystal such as controllable morphology, low aggregation and
high crystallinity. In this work, the flower-like CuO nanostructure was hydrothermally synthesized using

copper threats as precursor without using any template.

A highly pure, well-dispersed, 10-nm CuO nanoparticles were obtained [75] by a hydrothermal
reduction process, with oxalic acid as precipitator. The CuO nanoparticles were characterized by x-ray
powder diffraction, field-emission scanning electron microscopy, and high-resolution transmission
electron microscopy. The CuO nanoparticles were modified onto a gold electron to study the effect on the
redox of the rutin. Cyclic voltammetry results showed that the CuO nanoparticles were very active for
rutin and that the CuO-nanoparticle-modified electron can even determine in a certain range of
concentration from 5.0 10-7 to 5.0 10-4 mol L-1 by differential pulse voltammertry, which provides a new

application for CuO nanoparticles.

S. Wang et al. [70] reported CuO have been successfully fabricated through a simple
hydrothermal method in the presence of cetyltrimethylammonium bromide (CTAB) as the template. Urea
was used as a good precipitating agent. The dandelion-like CuO hollow microspheres was prepared and
exhibited a high photocatalytic activity for the photocatalytic decolorization of RhB aqueous solution
under UV-light illumination. The SEM image of the dandelion-like CuO hollow microspheres was
obtained by hydrothermal reaction for 6 h. The reaction temperature, surfactant nature and the molar ratio
of Urea/Cu (II) all are crucial roles on the formation of the hierarchical CuO hollow microspheres;
otherwise no hollow microspheres could be formed. The unique applications are areas such as catalysis,
electronics, filters, coating, and encapsulating agents due to their low density, large specific area and
interesting optical properties. Back to 2006 S. Wang et al. [70] fabricated hollow CuO microspheres on a
large scale through a rational complexing reagent-assisted approach at low-temperature. For the new one
colloidal cupric oxide (CuQ) nanoparticles with a monoclinic structure were formed by using a colloid-
thermal synthesis process. D. I. Son, C. H. You and T.W. Kim [76] proposed that CuO nanoparticles were

formed in a DMF solution. The optical band-gap energy of CuO nanoparticles at 300 K, as determined
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from the absorbance spectrum was 3.63 eV, resulting from the decrease in the dimension of the CuO
nanoparticles. X-ray photoelectron spectroscopy profiles showed that the O; and the Cu, peaks

corresponding to the CuO nanoparticles were observed.
2.2.3 Characterization
2.2.3.1 XRD ( x-ray diffraction )

X-ray scattering techniques are a family of non-destructive analytical technique which reveals
information about the crystallographic structure, chemical composition, and physical properties of
materials and thin films. Powder diffraction (XRD) is a technique used to characterize the crystallographic
structure, crystalline size (grain size), and preferred orientation in polycrystalline or powdered solid
samples. Powder diffraction is commonly used to identify unknown substances, by comparing diffraction
data against a database maintained by the international Centre for Diffraction Data. It may also be used to
characterize heterogeneous solid mixtures to determine relative abundance of crystalline compounds, and
when coupled with lattice refinement technique, such as Rietveld refinement can provide structural

information on unknown materials.

XRD technique determines the crystal structure and composition of the specimens with graphite
monochromatized Cuk(Ql (1.54056 A°). X-ray generator under ambient conditions. The accelerating
voltage was set 50 kV, with 100 mA fluxes at a scanning rate of 0.06/s in the range 5°-80°. The XRD
pattern indicate the CuO nanoparticles are single crystalline where the (110) K, diffraction peak at

32.65°.
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Figure 2.7 XRD pattern of Copper oxide [76]

Powder diffraction is also common method for determining strains in crystalline materials. An
effect of the finite crystallite size is seen as a broadening of the peaks which is more meaningful for the
calculation of particle size therefore size of nanocrystals has been calculated using Debye-scherer formula
using reflection from the XRD pattern. Debye-Scherer formula for crystalline size determination is given

by Kuldeep S. et al. [77];

_ 0904
" BcosH

Where D is the crystalline size, A is the wavelength of x-ray, B is the full width at half
maximum (FWHM) after correcting the instrument peak broadening ( expressed in radians), O is the

Bragg’s angle. The value of particle size obtained from XRD for different molar concentrations.

One type of XRD machine is the Philips Diffractometer, a beam consists of Cu K,, and K,,
radiation. The primary facility for this an automated powder diffractometer attached to a 2000 watt

examine minute crystals or crystal fragments.
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3.5.1 Product Purification

The products were mixed and grinded for 30 minutes, the system was washed with distillated
water in an ultrasonic wave washer for 25 minutes. This was then washed in the vacuum filter, three times
with distilled water then followed washed by twice with ethanol to remove any remaining unwanted ion.

After that the obtain products were died in oven at 60°C for a day.

The further purification the product with water and ethanol in ultrasonic bath and allowed the
particle to precipitate for a day. The product were removed and dried on hot plate. This powder was ready

for particle characterization.
The XRD was proved to determine the relationship between purity and the washing method.
3.5.2 Yield and Theoretical

The yield of copper (II) oxide nanoparticles were calculated based on the mole balance equation.
The following equation describes the nucleation and growth mechanism used to predict the copper (II)

oxide obtained.

Cu +4HNO, —— Cu(NO,), + 2H,0 + 2NO, (3.1) [exothermic rxn]
Cu(NO,), (s) + 2NaOH (s) —» Cu(OH), + NaNO, (3.2) [ exothermic rxn]
Cu + 2CH,COOH + H,0, — Cu(CH,C00), + H,0 (3.3) [exothermic rxn]

Cu(CH,CO0), (s) + 2NaOH (s) —» Cu(OH), + 2CH,COONa (3.4) [exothermic rxn]

Exothermal step

Cu(OH), — Cu0 + H (3.5)

All above equation showed two steps of reaction that a mole of copper compound reactant gave a
mole of copper (II) oxide product. For the purpose of this study it was assumed that the reaction has

occurred to completion.



38

[ Theoretical yield (g) = Mole of copper compound used x Molecular weight of copper oxide }

Where; Molecular weight of CuO = 79.55 g/moi

The percent yield is calculated as follow

actual yield

theoretical yield x100

% yield =

3.6 Characterization of Particles

The objective of this part of the experimental was to determine as effective method to measure the
size of the particles prepared and to obtain a clear image of the shape of particles. The following

equipments were used to study the particles size during the test work
3.6.1 XRD study

J.F. Xu et al. reported that XRD pattern is identical to pure CuO, without signals from reactant,
indicating the formation of monoclinic structure. The XRD study was to determine if this applicable for

others copper compound and hydroxyl alkaline.

The sample was washed with water and ethanol to remove any unwanted sodium hydroxide and
other precursor ion. This was then precipitated and died on a hot plate to form a black powder. The
samples were placed on specimen holder and analyzed using x-ray diffraction. The experimentally
identified and catalogued for the CuO nanoparticles with lattice constant match well with the standard

diffraction data (JCPDS). A step size of 0.02° of 2theta was taken at 0.02° 2theta / second at 30° to 65°.
3.6.2 TEM study

The transmission electron microscope used was model JEM-2010 by JEOL. The images were

used to measure the size of particle and the average was taken as the particle size.
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I.F. Xuv et al. reported that copper oxide nanoparticles when prepared with copper chloride and
sodium hydroxide, displayed polyhedral nanocrystals. The TEM study was to determine if this applicable

for other copper compound and hydroxyl alkaline. CuO particles were prepared at 60°C.
3.6.3 SEM study

SEM was used to analyze the morphology of specimen in high magnification. The images were

used to to examine the surface of CuO particles. BSE was used to examine the composition on specimen.
3.7 Effect of Reactant study

There were various parameters that affect the size and crystallinity of particles. The particle size
was measured using a transmission electron microscope. The crystallinity was measured using an x-ray

diffraction.

The following conditions were studied the Cu(NO,),3H,0 and Cu(CH,COO), were prepared from
copper powders that were used as copper compound and the NaOH was used as a hydroxyl alkaline in this

experiment. The procedure was carried out following the preparation step as in diagram.
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Chapter 4

Result and Discussion

4.1 Synthesis route characters

Simplicity of synthesis routes for CuO nanoparticles is important and interested by industrial
sectors. The process simplicity may be determined from raw materials types and availability, processing
step ease and numbers, environmental friendliness and product yield. The synthesis routes employed in
this research (Equations (1) to (4)) seem to be simple for chemists. However, the synthesis route via
Cu(NO,), intermediate (Equations (1) and (2)) produces a toxic NO, gas. The synthesis route via
Cu(CH,CO0O0), intermediate (Equations (3) and (4)), in contrast, seems to be more environmental friendly.
When the product yield is concerned, the Cu(NO,), intermediate route produces slightly higher yield than
the Cu(CH,COO), intermediate route, as given in Table 4.1, It must be noted here that the synthesized
products are nanoparticles (see TEM micrographs in the section 4.4) so loss of some products at each
processing step cannot be avoided. Other reaso;1s for yield loss are impurities and some non-dissolved

amounts related to the Cu powders raw materials.

Table 4.1 Product yields of the synthesis routes for CuO nanoparticles

Reaction % yield

Cu(NO,), intermediate (Equations (1) and (2)) 72.57

Cu(CH,COO0), intermediate (Equations (3) and (4)) 70.06
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4.2 Characterization of synthesized intermediates

Although the intermediate chemicals (the synthesized Cu(NO,), and Cu(CH,CO0),) were
purified and then dried for several hours, adsorption of humidity on the materials could not be avoided
during handling of them before XRD and FTIR tests. The hydrate forms of them were thus obtained. To
ensure that two intermediates, namely Cu(NO,), and Cu(CH,COO), existed in the reactions, the ground
particles of intermediates were characterized by XRD and FTIR. Figure 4.2.1 shows XRD peaks of the
chemical obtained from the reaction between Cu powders and HNO, acid. Indexing of some dominant
peaks, using JCPDS Card No. 04-013-2990, indicated that the chemical characterized was
Cu(NO,),:3H,0. The chemical obtained from the reaction between Cu powders and CH,COOH showed
XRD peaks as given in Figure 4.2.2 Indexing of the XRD pattern, by using JCPDS Card No. 46-0859,

indicated that the chemical was corresponding to Cu(CH,COO), H,0.

Characterization using FTIR technique yielded spectra of the synthesized chemical obtained from
the reaction between Cu powders and HNO, acid (Figure 4.2.3) and the synthesized chemical obtained
from the reaction between Cu powders and CH,COOH (Figure 4.2.4). Interpretation of FTIR
transmittance peaks (in Figure 4.2.3) resulted that vibrations at 1048.67, 1384.64, 3416.90 cm’ were
corresponding to N-O stretching, N=O stretching and O-H stretching, respectively. Comparison of the
vibrations given in Figure 4.2.3 (this study) with those of Co(NO,),-6H,0 [42, 43] and Mg(NO,),-6H,0 is
given in Table 4.2. This FTIR information confirms that the product of the reaction between Cu powders
and HNO; acid is a hydrate form of Cu(NO,),. Combination of XRD and FTIR interpretations leads to the
conclusion that the analyzed chemical is Cu(NO,),-3H,0. Interpretation of FTIR transmittance peaks in
Figure 4.2.4 resulted that vibrations at 1354.62, 1421.53, 1444.70, 1602.11, and triple peaks (3271.55,
3374.04 and 3478.01) cm’ were corresponding to symmetric CH, bending, antisymmetric CH, is bending,
symmetric C-O stretching, antisymmetric C-O stretching and O-H stretching, respectively. Comparison of
the vibrations given in Figure 4.2.4 (this study) with those of Cu(CH,COO),H,0 [89] and

Ca(CH,CO0),H,0 [90] is given in Table 4.3 This FTIR information confirms that the product of the
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reaction between Cu powders and CH,COOH acid is a hydrate form of Cu(CH,COO),. Combination of

XRD and FTIR interpretations leads to the conclusion that the analyzed chemical is Cu(CH,COO), H,0.

Table 4.2 Comparison of functional group vibrations of nitrate hydrate salts due to interactions with the

infrared
Co(NO,),-6H,0 [86, 87] Mg(NO,),-6H,0 [88] Cu(NO,),-3H,0 (This study)
Wavenumbers | Assignments Wavenumbers | Assignments | Wavenumbers | Assignments
(cm™) (cm™) (em™)
664 Symmetric in- - - - -
plane bending
729 Antisymmetric - - - -
in-plane
bending
870 Out of plane - - - -
bending
1052 Symmetric - - - -
stretching
1629 Antisymmetric 1629 O-H bending 1621.44 O-H bending
stretching
1388 Symmetric 1382.87 NO; anion 1384.64 =0 stretching
stretching
- - 3473.56 O-H stretching 3416.90 O-H stretching
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Table 4.3 Comparison of functional group vibrations of acetate hydrate salts due to interactions with the

infrared.
Hoganite (Cu(CH,C00),'H,0) Ca(CH,C00),'H,0 [90] (Cu(CH3COO)2'H20)
[89] (This study)
Wavenumbers | Assignments Wavenumbers Assignments Wavenumbers Assignments
(cm™) (em™) (em™)
627 COO rocking 616-623 Out of plane O- 628.40 -
C-O stretching
687 OCO deformation 659-672 Symmetric 691.84 -
O-C-O twisting
and rocking
1354 Symmetric CH, 1350 Symmetric CH, 1354.62 Symmetric CH,
rocking bending bending
1418* COO stretching* 1413 Antisymmetric 1421.53 Antisymmetric
CH, bending CH, bending
1443* Symmetric CH, 1446 Symmetric 1444.70 Symmetric
deformation* C-O stretching C-O stretching
1598 Asymmetric 1604 Antisymmetric 1602.11 Antisymmetric
COO stretching C-O stretching C-O stretching
3269 3147 3271.55
3368 3385 3374.04
O-H stretching O-H stretching O-H stretching
3471 3519 3478.01

Note: By checking the paper [91] referred by the authors of the reference No. [89], it was found that the
Ca(CH,C00),"H,0 wavenumber of 1415 cm’ was corresponding to antisymmetric CH, bending and the

wavenumber of 1454 cm™ was corresponding to symmetric C-O bending.
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4.3 Characterization of CuO nanoparticles by XRD

The synthesized CuO particles from Cu(NO,),-3H,0 and Cu(CH,C0OO0),"H,0 intermediate were
characterized by XRD as shown in Figure 4.3.1 and 4.3.2. Both XRD pattern showed broad peaks.
Indexing of the XRD peaks by using the JCPDS Card No. 48-1548 of tenorite, it was found that all of the
XRD peaks of the synthesized CuO particles were in a good agreement with those of the tenorite. The
experimental XRD peaks of the synthesized CuO particles are also in a good agreement with those of CuO
nanoparticles synthesized by other routes [3, 4, 7, 9, 11, 25, 37, 40, 42, and 43]. The broad experimental
XRD peaks of the synthesized CuO particles are also reassemble to those of CuQO nanoparticles
synthesized by other routes [3, 7, 37, 42, and 43]. Based on the principle stating that the width of XRD
peaks increases as the sizes of the crystalline domains (crystallites) that diffract the x-rays decreases [92-
93], broad nature of XRD peaks indicate that the synthesized CuO crystallite sizes lie in the nanometer

size. Given in Table 4.4 is the particle measurement by using the Scherrer formula:

d= 0.94 )
Bcosf

where d is the average crystallite size, A is the wavelength of X-ray, B is the full width at the half
maximum at diffraction angle 0 (in radian). The results of particle measurement by using XRD peak data

indicate that the synthesized CuO crystallite sizes are less than 20 nm.
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Figure 4.9 EDS spectra of CuO nanoparticles; (a) obtained from the reaction between Cu(NO,),-3H,0 and

NaOH and (b) obtained from the reaction between Cu(CH,COO0),'H,0 and NaOH.
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Chapter 5

Conclusion and Suggestions

5.1 Conclusion

The simple synthesis routes proposed by us are successful for producing CuO nanoparticles in
terms of particle size and yield percentage. Characterizations of chemical intermediates and the products
by several techniques including XRD, FTIR, TEM, SEM and EDS all confirm the chemicals related to the
proposed synthesis steps given by Equations (1) through (4). The synthesis route via the
Cu(CH,CO0),'H,0 intermediate only yield finer CuO nanoparticles it is also an environmental friendly

process.

5.2 Suggestion

Further study other strong base such as sodium hydroxide can be used for synthesis copper oxide

nanoparticles. The particle size distribution can be change.

Including this research was done with simple laboratory equipments, so that the test of another
substance can be found. Test the significance of this experiment must do to compare the performance of

the sold copper oxide and synthesis copper oxide.
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