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ABSTRACT

Nepal is a country rich in natural resources. There is evidence of the presence of
mines of different types of elements, but scientific research in this field is found
to be less. Zinc, iron, copper, etc. are the major sources of mines here which have
been extracted since time immemorial. But these days, significant research and
extraction of such minerals have not been found to occur. In this context, it seems
desirable to study and research the mines available in Nepal. In this study, five
samples of copper ores were collected from Jangkot Rolpa and examined using
Titrimetric analysis, atomic absorption spectroscopy and x-ray diffraction (XRD)
methods. The results show that sample C1RJ has the highest copper concentration
(2.20% by titration and 1.64% by AAS) among the test samples, indicating that
the collected samples contain extractable amounts of copper in that location. The
XRD results confirms the ores are auzurite, malachite, cuprite and chalcocite.
However, further research is required to carry out the quality of the copper

deposit.
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CHAPTER 1

1. INTRODUCTION
1.1. Background

Ores are naturally occurring minerals that contain an extractable amount of metals
(Guilbert & Park Jr, 2007). Different metals have their respective ores from which
metal can be extracted. The most common ores of copper are chalcopyrite (CuFeS»),
malachite CuCO3(OH),, cuprite (Cu20), chalcocite (CuzS), azurite Cu3(CO3).0OH,
covellite (CuS) and bornite (CusFeS4) (Kaphle, 2020; Samans, 1949). The amount
of copper in any ores varies from 0.2% - 40% and is classified as rich grade (5-40)
%, high grade (1-5) % and low grade (0.2-1) %. However, copper can be extracted
economically and profitably if its ore contains at least 2 % copper (Sverdrup et al.,
2021). Copper is the focus because it has a wide variety of applications. Household
utensils made up of copper have been used since the earliest time. The reason behind
this is that copper is less corrosive (Hu et al., 2014), has good antimicrobial
properties (Arendsen et al., 2019), and alloy can be formed with other metals (Hu
et al., 2014). Copper can be alloyed with other metals to increase its strength and
resistance to temperature (Hu et al., 2014). In recent years, the use of copper in
electrical industries for the production of electrical and electronic equipment, wires,
coins, crafts, etc. due to its high ability to conduct current electricity (Richardson,
1997). Recently, copper has been used in electrical industries for the production of
electronic equipment like wires, and coins, etc. due to its high ability to conduct
electricity (Richardson, 1997). It also has great applications in biological fields
(Wang et al., 2021). It also has great biological applications. It possesses protecting
the cardiovascular system, and bone fracture healing and exerts antibacterial effects
(Wang, Casner, et al., 2021). A huge amount of copper is being consumed these days
for household and industrial applications, for which the extraction of copper is
essential. Copper can be extracted in pure form from its different ores. Copper is an
essential micronutrient element for living organisms, including humans for

metabolic processes (Elguindi, 2011).

1.2.  Occurrence of Copper Ores in Nepal
Copper is regarded as an essential metal because it has a wide variety of applications

from ancient times. Copper was mined traditionally in different places in Nepal but



not nowadays. The ores such as chalcopyrite (CuFeS»), Malachite CuCO3(OH).,
Azurite Cus3(CO3),0H, Covellite (CuS), Cuprite (Cu20), Bronite (CusFeS4) and
Chalcocite are found in Nepal. Some small-scale copper mines were reported in
Gyazi (Gorkha), Okharbot (Myagdi), and Wapsa (Solukhumbu) till 1995. Other
copper mines like Dhusa (Dhading), Kalitar (Makwanpur), Wapsa (Solukhumbu),
Dadeldhura, Bhut Khola (Tanahu), Khandeshori Danfechuli Marma (Darchula),
Pandav Khani (Baglung), Baise Khani (Myagdi), Mul Khani (Gulmi), Dolakha,
Kurele (Udayapur), Chirling Khola (Bhojpur), Jantar Khani (Okhaldhunga), Siddi
Khani (Ilam) are major areas. Many scattered old workings mines are also known
from different parts of Darchula, Bajhang, Bajura, Baglung, Myagdi, Gulmi,
Tanahun, Gorkha, Makwanpur, Ramechhap, Okhaldhunga, Dhankuta, and
Taplejung districts, 1 mining license and 7 Prospecting licenses for copper have
been issued by the department of mines and geology, Kathmandu, Nepal (DMG,
Annual report. 2019). The average concentration of copper ores is about 0.6 % and
most of the ores are in the form of sulfide such as chalcopyrite (CuFeS>), Bornite,
Covellite, Chalcocite, conversely, the average concentration of copper in
polymetallic nodule is estimated at 1.3% and mostly the copper extracted by the
process of sulphuric leaching, smelting and an application of the cuprion process
(Su, Kun; Ma, et. al., 2020). There is still a high possibility of copper deposits.
However, searching for deposits and identification of the extractable ores of copper
is lacking. Copper is useful for various purposes in day-to-day life however it is a
non-renewable resource. So, searching for a new deposit is very necessary (Kaphle,

2020).

1.3. Identification of Copper Ores by XRD Pattern

Occasionally copper is found in its native form but more frequently it is found mixed
with other minerals. There are many minerals and ores of copper among them the
most common ores of copper are chalcopyrite, malachite cuprite, chalcocite, azurite,
covellite, and bornite (Kaphle, 2020) (Samans, 1949). The amount of copper in each
ore is different. It depends on the nature and composition of the ore as well as the

impurities. The crystallographic orientation of each ore is listed below.



1.3.1. Chalcopyrite (CuFeS:)

The most frequent and widely distributed copper ore mineral is chalcopyrite
(CuFeSz). Most of the world's copper production comes from an important copper
source chalcopyrite. It can be identified from XRD peaks as it is found in pure
crystalline form. The crystal structure on irradiation with x-ray, the diffraction peaks
located at 29.34, 48.68, 49.04, and 57.84 degrees, respectively belong to the crystal
(112), (220), (204), and (312) surfaces confirming the chalcopyrite ore (Wen, S., Liu,

J., & Deng, 2021).
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Figure 5: XRD diffraction pattern of chalcopyrite mineral (Wen, S., Liu, J., & Deng, 2021)

1.3.2. Malachite (CuCO3(OH)2)
The most widely distributed copper ore minerals are known as malachite
CuCOs3(OH)z. It typically takes the form of green-colored crystals or grains. It is
one of the most important sources of copper. Most of the world's copper
production comes from an important copper source, malachite. It can be
identified from XRD peaks as found in pure crystalline form (Sekiguchi,
Shimadzu, 1995).
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Figure 6: XRD diffraction pattern of malachite mineral (H.sekiguchi, shimadzu., 1995)

1.3.3. Chalcocite (Cu2S)
The most frequent and widely distributed copper ore mineral is chalcocite
(Cw2S). It is frequently discovered in porphyry copper deposits and typically
takes the form of dark-colored crystals or grains. It can be identified from XRD

peaks as it is found in pure crystalline form (Wen, S., Liu, J., & Deng, 2021).

I_llll]lllllllll'lllIIllllIllll_I

(304)
3 (314) (052)
4 :
£ | (433)
pomi
o L N
=

Illllllllllllllllllllllllllllll

20 25 30 35 40 45 50
2 theta (degree)

Figure 3: XRD diffraction pattern of chalcocite mineral (Wen, S., Liu, J., & Deng, 2021)
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1.3.4. Azurite (Cus(COs3)20H)
The most frequent and widely distributed copper ore mineral is azurite
(Cuz(CO3)2,0H). It is a blue-colored carbonate mineral, which is found in oxidized
copper deposits. It is used as a gemstone and as jewelry. It can be identified from

XRD peaks as it is found in pure crystalline form (K. Tomita, Kyoritsu Shuppan,
1966).
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Figure 4: XRD diffraction pattern of azurite mineral (K. Tomita, Kyoritsu shuppan., 1966)

1.3.4. Covellite (CuS)

Covellite (CuS) is a widely distributed copper ore. It is found in oxidized zones of
copper deposits and takes the form of an indigo-blue color. It can be identified from
XRD peaks as it is found in pure crystalline form (K. Tomita, Kyoritsu Shuppan,
1966).
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Figure 5: XRD diffraction pattern of covellite mineral (K. Tomita, Kyoritsu shuppan., 1966)

1.3.5. Bornite (CusFeSy)

The most frequent and widely distributed copper ore mineral is Bornite (CusFeSs).
It is frequently discovered in hydrothermal and sedimentary copper deposits and
typically takes the form of iridescent purple to brown-colored crystals or grains.
Bornite is also known as peacock ore. It can be identified from the XRD peak as it

is found in pure crystalline form (Wen, S., Liu, J., & Deng, 2021).
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Figure 6 XRD diffraction pattern of Bornite mineral (Wen, S., Liu, J., & Deng, 2021)



1.4. Estimation of Copper in Copper ores

Estimation of copper from copeer ore can be done by using different Analytical
methods as X-ray Fluorescence (XRF),Uv spectroscopy ,Titration ,Atomic
Absorption Spectroscopy (AAS).

XRF is simple and quick technique for elemental analysis.The powder sample is
ingested to XRF instrument ,which works by bombarding the sample with high
energy X -rays .The energies and intensities of emitted X-rays are measured and
determine the composition of sample.similarly,In titration method The powder
copper ore is digested with conc.hydrochloric and conc nitric acid and heated with
Conc sulphuric acid .Then 50 mL of distilled water ,5 mL of bromine water , 1:1
ammonia solution was added to faint alkaline and then 7 mL of glacial acetic acid
was added followed by boiling and cooling. The prepared analyte is then titrated
with sodium thiosuphate for end point.

Other, the reliable method for the estimation of copper from copper ore is AAS. In
the method the dissolved sample solution is atomized and exposed to light source.
copper atoms absorb light at resonance wavelength, which is proportional to the

concentration of copper atoms in the sample.

1.5.  Objectives
1.5.1. General Objectives
The general objective is to identify the ore site and estimate the amount of copper

in those collected ore samples.

1.5.2. Specific Objectives
1) Finding the ore site and collecting the copper ore samples.
2) ldentification of copper ore samples by XRD method
3) Determination of the amount of copper on those samples by titration method
4) Determination of the amount of copper on those ores by the AAS method



CHAPTER 2

2. LITERATURE REVIEW

2.1. World History of Copper Extraction

Although the exact beginnings of human use of metals are unknown,
but archaeologists estimate that copper, silver, and gold were used as early as 7000
years ago (7000BP),2 in both the Middle East and America (Radetzki, M. 2009).
Copper was smelted in different places independently. In China, copper was smelted
before 2800 BS and around 600 AD in Central America, in the 9" or 10" century
AD in West Africa (Cowen, R et al., 2009). Lung (1986) reported the cementation
or contact precipitation used in nine centuries to deposit cement copper from a
solution with metallic iron as a reductant. Haj-Hussein (1996) reported, among the
different methods, the flow injection analysis method for the ultraviolet
spectrophotometric determination of copper in copper ores. The ore sample was
dissolved in concentrated perchloric acid, and neutralized with ammonia, and the
resulting solution was used for the determination of copper. This Analysis system
is based on the reaction of copper (II) ions with pyrophosphate and subsequent
measurement of the absorbance of the di-pyro-phosphato-cuprate (II) complex at
240 nm.

Balasubramaniam et al., (2002) used optical and scanning electron microscopy, as
well as microhardness measurements, to describe the material used in the creation
of an ancient Indian ochre-colored pottery (OCP) human figure from the 2650-800
BC period. X-ray diffraction revealed that the green surface of the patina is mostly
made up of cuprite, with tiny quantities of malachite and brochantite. The metal was
almost pure Cu, with very small C and Sb impurities present.

Ghaedi et al. (2006) reported a simple method for the simultaneous pre-
concentration of nutritionally important minerals. The method was based on the
formation of metal complexes by 4, 6- dihydroxy-2-mercaptopyrimidine (DHMP)
loaded on activated carbon. Then the metal complexes were eluted using 5 mL of 2
M HNO;3 in acetone which were detected by atomic absorption spectroscopy (AAS)
at resonance line. This method has high reliability, reproducibility, sensitivity, and
high tolerance limit of common ions and a low detection limit is a powerful tool for

rapid and sensitive determination of ions.



Rifai et al., (2020) used Laser Induced Breakdown Spectroscopy to quantify several
elements in pressed pellets of copper-nickel ore powder. The study included 32
samples. The materials were examined with a commercial LIBS instrument. The
blank samples were utilized to assess the accuracy and robustness of the calibration
model. The research illustrates how the Laser Induced Breakdown Spectroscopy
approach may correctly detect the concentration of many elements of interest in

copper-nickel ore samples quickly and with little sample preparation.

2.2.  Nepal History of Copper Extraction

About 100 years ago, in the Myagdi district, there were lots of copper mines that
were underused. There are about 17 big copper mines in Dhawalagiri, Malika,
Bishal copper mines, Raghuganga rural Municipality, and Beni Municipality in
Myagdi district. But these mines have not been mined due to a lack of modern
equipment. Rumle Hill in Raghuganga, Malika Bank Hill in Dhaulagiri-5,
Thadakhani village Malkabang, Okharbot in Malika rural Municipality, etc. also
have been reported to as mines of copper ores. Local people of that area extracted
copper from the mines and manufactured different utensils for their uses. But there
are still lots of tunnels that were used to excavate mines in the upper hills above the
villages. Across the deep terrain, there are several copper mines. Due to lack of use,
the mines are already buried in the soil. Local said lack of equipment and the legal
hassles were the main challenges in resuming the copper mines. They said if the

government facilitated legal provisions and provided equipment needed for

excavation, it would not be difficult to resume the mines.



CHAPTER 3

3. MATERIALS AND METHODS

3.1. Sample Collection

Sample ores were collected in air-tight polybags from Jangkot, Rolpa District, Nepal
(longitude 82.5456°E, Latitude 28.4050°N and Altitude 3665 m) Channel sampling,
as well as grabbing methods, were applied to collect the ores samples. Some
samples were collected from previously mined areas where channels were already
prepared by local people. The ores samples collected from those channels were from
a 20-50 m tunnel in the mountain. As far as possible we entered inside the channels
to collect samples. However, some samples were collected from the surface i.e.
grabbed samples. Those grabbed samples were collected based on the possibility of
sources shown by local peoples and the nature of ores. In some cases, new channels
were constructed, and collected the samples. The sites from where samples were
collected were labeled well. For example, C1-RJ refers to channel one of Rolpa
Jangkot. The Google map of the sample collection site is shown in Figure 1 and

some glimpses taken during sample collection are as shown in Figure 8 a-f.

Figure 7: Google map of the sample collection site
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(e) Group photo around sampling (f) Night stay at Bhawang

Figure 8 :a-f) Photographs taken during sampling
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3.2. Powdering of Sample
Collected ores were ground into a fine powder using a crushing and pulverization
machine. For this crushing and grounding of the samples, collaboration with Nepal

Environmental and Scientific Services (P.) Limited was done. Following are some

glimpses of the sample preparation process.

Grinding pulverizing Ball milling Sample ore

Figure 9: a-d) Ore sample , after crushing, grinding, pulverization,

3.3. Preparation of solution

3.3.1. Preparation of 0.005 N Na2S203 Solution

0.62 g of sodium thiosulphate was weighed out and dissolved in distilled water in a
500 mL volumetric flask and made volume up to the mark. Shaken well to mix the

solution.

3.3.2. Ammonia solution
50 mL of ammonia solution was mixed with 50 ml of distilled water to make a faint

alkaline.

3.3.3. Starch solution

1 g of starch was weighed out and dissolved in 100 mL of hot distilled water.
3.3.4. KI solution

10 g of KI was weighed out dissolved in 100 mL of distilled water and shaken well

to mix the solution.

12



3.4. Analyte Preparation

All chemicals used were of analytical reagent grade. All solutions were prepared
with distilled water. The powder of the sample was digested through the wet
digestion method. In a 250 mL beaker containing 0.5 g of powdered sample, 10 mL
of conc. HCI and 15 mL of conc. HNO3 was added and heated gently to decompose
the ore. Then, 4 mL of conc. H>SO4 was added and boiled almost to dryness and
cooled. 50 mL of distilled water and 5 mL of bromine water were added followed
by boiling to expel bromine. And then 1:1 ammonia solution was added to faint
alkaline and then 7 mL of glacial acetic acid was added followed by boiling and

cooling. The mixture was filtered off and stored (Jeffery et al., 1942).

3.5.  Estimation of Copper by Titration
The analyte solution prepared was taken and 2 mL of 10 % KI solution was added.
The solution was kept in the dark for about 10 minutes. Then 1 mL of starch solution
was added, color changed to blue color. Then titration was done with 0.005 N
sodium thiosulphate with constant stirring until the colorless was obtained. The
titration was repeated until concurrent reading. After complete titration, the amount
of copper was estimated using the following formula

I mL of 0.1 N sodium thiosulphate = 0.006354 g of Cu

I mL of 0.005 N sodium thiosulphate = 0.0003177 g of Cu

) 0.0003177 X volume of thiosulphate consumed
cuinore (%) = Amount of ore taken * 100

3.6. Estimation of Copper by AAS

Estimation of copper in copper ores can also be done by the AAS method. The
method utilizes the fact that when unexcited atoms of an element are exposed to a
continuous light source, they absorb light of the same frequency that they emit in
the excited state. Thus, the measurement of the light absorbed at the wavelength of
the resonance line by unexcited atoms of an element can be used for its
determination.

For the estimation, a calibration curve at maximum absorbance wavelength was
made. Copper was analyzed at the wavelength of 324.8 nm with a slit width of 0.5
nm (Ghaedi et al., 2006) (Qureslu et al., 1974). An atomic absorption spectrometer
(SIMADZU, AA7000) was used to determine the quantity of copper in the ores. For

13



the quantification, a calibration curve of Cu(Il) was prepared by taking standard

solutions of suitable concentration.

3.7. XRD Measurement of Copper Ore

X-ray diffraction (XRD) is a common technique used to analyze the crystal structure
and composition of materials, including copper ore. Copper ore typically contains
various minerals including Copper sulfides such as Chalcopyrite and Bornite.
Copper oxides such as cuprite and malachite. XRD technique was used to analyze
the phase composition of ore samples by using a Rigaku-D/max 2500 PC
diffractometer. Monochromatic x-ray of wavelength 1.54 A obtained from the
CuKa target was used to scan the samples at the scanning rate of 10°/min in the
scanning range is 10° ~ 70° at 50 kV and 300 mA. The obtained XRD patterns were
analyzed by using Jade 6.5 software and matched with JCPDS files.
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CHAPTER 4
4. RESULTS AND DISCUSSION

4.1. Estimation by Titration

The amount of copper in the collected ore samples was determined in the laboratory
by a very simple and relevant method, titration method. The standard method of
analyte preparation was used before titration. After the preparation of the analyte,
the standard iodometric titration method was applied. The volume of reagent
consumed was noted when the sharp change in the color of the analyte from blue to
colorless. The amount of copper in the analyte solution was then calculated using
the principle of equivalency (equation 1). The titration method is the most reliable
and simple method to determine the analyte concentration when the concentration
of the analyte is more than 0.01%. For lower concentrations of analyte, this method
is not valid and must find a new spectroscopic method. The amount of copper

present in the analyte solution is tabulated in Table 1.

Table 1: Amount of copper in ore samples presented in percentage determined by titration method.

Volume of thiosulphate % of copper in
S.N. Sample of ores Standard deviation

consumed (mL) the sample

1 CI1RJ 34.7 2.20 0.022

2 C2RIJ 0.5 0.03 0.005

3 C3RJ 0.2 0.01 0.003

4 C4R]J 4.8 0.20 0.020

5 C5RIJ 2.4 0.14 0.008

From the titration table, it is obvious that the amount of copper is highest in ore
collected from the C1RJ channel. This amount is highest among the collected
samples. The amount of copper contained in the lowest amount is in C3RJ. Based
on the classification of ore, the C1RJ sample lies in the range of high-grade ore
whereas the rest of all samples lie in the low-grade ores. Based on the literature and
real practice, ore containing more than 2% copper is recommended as high-grade
ore and the copper can be extracted profitably from them. This implies the C1RJ
ore can be recommended for the extraction of copper. The detailed findings are

shown in Figure 10..
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Figure 10: Amount of copper in percentage in the collected ore samples determined by titration

method. The relative error bars in the bar diagram show a standard deviation value (n=3)

Interestingly, the amount of copper in collected samples is drastically different for
all. Dramatic differences in the occurrence of copper in the core samples indicate
that there may be possibilities of some titration errors. The main possibilities could
be, 1) loss of iodine by evaporation from the solution, ii) oxidation of iodine in an
acidic medium, 1ii) starch solution. To avoid such errors precise measurement with
caution was made. Not limited to this, triplicate measurements were performed to
validate the finding, and the standard deviations were calculated. It is found that for
all measurements, the titrant value is similar and there is the lowest value of standard
deviation. The coefficient of variance at a 95% confidence interval is also
acceptable.

Except C1RJ sample, all the samples contain a very low amount of copper. To ensure
the amount of copper titration value a new spectroscopic method for their
quantification is needed. Hence, the AAS method was used to measure copper in all

the analyte samples
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4.2. Findings from AAS method

4.2.1. Calibration Curve

The amount of copper in the copper ores was determined by the AAS method. For
which a calibration curve was prepared. Mostly volumetric and AAS methods are
used for the chemical analysis and estimation of copper content in its ore. The
volumetric method favored the rich and high-grade sample with higher copper
content in its ore, but the AAS method favored the low-grade ore or sample. The
crossmatch of the volumetric method with the AAS method favored all grades of
ore. Hence for all the samples, we used the AAS method. The calibration curve

obtained from the standard copper (II) solution is given in Figure 11.
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Figure 11: Calibration curve of copper in pg/g by AAS Method

4.2.2. Linearity range

The linearity range is also known as the working range in the calibration curve as
shown in Figure 12. For exact quantification of the copper in the ores, it is necessary
to find the linearity or working range. For the measurement of the Cu in the
respective ores, the linearity range was determined by measuring the absorbance of
standard samples of concentrations ranging from 0.025 to 20 ppm. The linearity
range was found to be 0.05 to 5 ppm. Before 0.05ppm, the instrument can detect the

presence of a Cu atom but cannot exactly quantify its amount. So, the detection limit
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of the instrument is 0.025 ppm whereas the limit of quantification is 0.05 ppm for
Cu atom. Similarly, beyond 5 ppm the absorbance data breaks the linearity range.
This indicates that the instrument can only exactly quantify the sample

concentration below 5 ppm.
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Figure 12: Linearity range for Cu measurement by AAS

4.2.3. AAS Results

The amount of copper in the analyte sample prepared like the titration method was
determined using the AAS method. This method was used because the amount of
copper in the analyte solution determined by the titration method was obtained very
small value. To ensure the reliability of the titration method for a very dilute solution
AAS method was employed. From the AAS measurement method, the results
obtained are comparable with the value obtained from titration. For instance, the
amount of copper in C1RJ is 1.64 % which is the highest value. This value is
comparable with the value obtained from the titration method. Higher the amount
of copper in this sample by titration method may be due to titration error only.
However, there is lowest value for CSRJ measured by the AAS method which is
drastically different from the titration method. In this regard, the value obtained
from the AAS method is taken as the correct value for two reasons: i) AAS is an
instrumental method and there is the lowest possibility of handling error, and ii) the
spectroscopic method is reliable for dilute solution. The amount of copper obtained

in different samples by the AAS method is shown in Figure 13.
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Figure 13: Amount of copper in its ore collected from Jangkot, Rolpa measured by AAS
method

The amount of copper in its ore determined by titration and AAS methods are
compared as in Figure 14. The measured values are comparable and not drastically
different except for sample C5RJ. The amount of copper in this sample is negligible
i.e. nearly equal to 0.0005% measured by AAS. There is a significantly different
amount of copper in the samples even though all the samples were collected from
the same area. This difference in the amount of copper may be due to two reasons:
1) variation in the channel length from where sampling was done and ii) unequal
distribution of ores in the deposit area. However, the findings suggest that further

study is needed to explore the possibility of copper deposits.
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Figure 14: Amount of copper determined by titration and AAS method

4.3 XRD Results

X-ray diffraction (XRD) is one of the primary techniques used by mineralogists and
solid-state chemists to examine the physio-chemical makeup of unknown materials.

The experimentally determined XRD diffraction pattern of the samples is given below
in Figure 15
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Figure 15 : XRD diffraction pattern of sample C1RJ -C5RJ
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Figure 16: XRD diffraction pattern of azurite mineral

The experimentally determined XRD diffraction pattern of the sample is similar
to the XRD diffraction pattern of AzuriteAll the samples collected from the
jangkot Rolpa from XRD appears the dominance of azurite and contains other
ores malachite ,chalcocite and cuprite. In addition to this, the experimentally
determined XRD diffraction pattern presented in Figure 15 has been compared
with the XRD diffraction pattern of Azurite for verification.

The obtained different peak at 20 values and crystalline planes of Azurite present

in the samples (C1RJ,C2RJ , C3RJ ,C3RJ,C4RJ and C5RJ) are as:
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Table 2: Peak at 20 values with crystalline plane

20 value Crystalline
plane
25.31 (102)
44.94 (123)
49.96 (-124)
50.94 (115)
51.09 (124)
55.01 (300)
61.45 (215)
67.25 (-117)
67.76 (322)
68.16 (304)

This Finding is matched with JCPDS file 11-0682

Chalcocite is also present in the obtained ore samples C4RJ and C5RJ. With their
crystalline planes (110) and (114), the peaks at 20 values are 31.62 and 45.44. This
result is consistent with JCPDS file 29-0578. Additionally included in the C5RJ
sample ore are malachite and cuprite.36.41, 42.29, 61.34 are the peaks at 20 values,
and their crystalline planes are (111), (200), and (220). This finding corresponds to
JCPDS file number 05-0667. Malachite's crystalline planes are (200), (220), (040),
(201), (021), (21-1), (330), and (221), and its peak at 20 values are
18.88,24.09,29.90,31.23,31.63,32.16,36.48, and 39.32. This result corresponds to
JCPDS file 41-1390.
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CHAPTER 5
5. CONCLUSIONS AND RECOMMENDATION

5.1. Conclusion
The total copper content is measured by titration method and AAS method. The
titration results revealed that C1RJ contains 2.20% copper, which is an extractable
level. Similarly, other samples include low-grade copper from 0.01 to 0.30 %. To
ensure the reliability of the titration method for a very dilute solution AAS method
was also employed. From the AAS measurement method, the results obtained are
comparable with the value obtained from titration. For instance, the amount of
copper in CI1RJ is 1.64% which is the highest value and there is the lowest value for
C5RJ measured by the AAS method. The value obtained from the titration method
is somehow different from the AAS method may be due to titration error.
However, it can be concluded that the obtained percentage value of copper by both
methods in sample C1RJ ore is at an extractable level.

The result of the XRD diffraction pattern of copper ore confirms that the collected
sample ore dominance Azurite also including some ores malachite, cuprite and

chalcocite.

5.2. Recommendations
When analyzing copper ore, the volumetric measurement method and AAS method
were employed for quantitative determination. Based on the findings and
conclusion presented, the following recommendations are suggested.
a. Preliminary test of ores by X-ray Fluorescence (XRF) to find the amount of
copper in the ore samples.
b. For more reliability and low percentage ores determination, Inductively

Coupled Plasma Optical Emission Spectroscopy (ICP-OES), is better to use.
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CHAPTER 6
6. SUMMARY

This study presents a detailed chemical analysis of a Copper ore sample to determine

its elemental composition, impurities, and potential environmental impact. The
chemical analysis was conducted using various chemical and instrumental
methods.

The collected samples of copper ores were analyzed in the lab by a titrimetric
method using a standard protocol. The amount of copper in the selected ore is
variable. The ore is analyzed by titration method which results in sample C1RJ
having a high amount of copper i.e. 2.20% and other samples having a low amount.
To test the reliability of the titration method, the amount of copper in the copper
ores was evaluated using the AAS method.

The result of AAS showed that among the collected copper ore samples C1RJ has
maximum copper content, which is 1.64%, and minimum for the C5SRJ. The AAS
method helps with the quantitative estimation of copper ore.

The qualitative estimation XRD diffraction pattern of copper ore is used. The
result of the XRD diffraction pattern of copper ore confirms that the collected
sample ore dominance Azurite also including some ores malachite, cuprite and

chalcocite.

The amount of copper in each ore is different. It depends on the nature and
composition of the ore as well as impurities. The detailed chemical analysis of the
copper ore sample provides valuable data for decision-making in the mining
industry. The result can guide the selection of appropriate extraction and

purification methods based on ores composition and impurity level.
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APPENDIX

Appendix 1: Pictures captured during sample digestion
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Expenditure details

S.N. Expenditure Title Total cost (NRs)
1 Mentor 5,000
2. Sample collection 22,460
3. Chemicals and Reagents 10,000
4, AAS Characterization 7,990
5. Instruments 17,000
6. Stationery, Printing, Binding | 6,500
7. Transportation 5,500
8. Miscellaneous 550
Total 75,000
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