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 โซเชีย รอส : การศึกษาความเป็นไปได้ของโรงแต่งทรายแก้วในจังหวัดสีหนุวิลล์ ประเทศ

กัมพูชา. ( PRE-
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อภิสิทธิ์ น้้าประสานไทย 

  
ในการศึกษาครั้งนี้ได้น้าเสนอการศึกษาความเป็นไปได้เบื้องต้นของโรงงานแปรรูปทรายซิ
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มลทินที่ประกอบด้วย Fe2O3, Al2O3 และองค์ประกอบออกไซด์ที่ส้าคัญอื่น ๆ และการประเมินทาง
เศรษฐศาสตร์ เพื่อหาคุณลักษณะของทรายซิลิกาวิเคราะห์โดยใช้วิธีร่อนตะแกรง , Frantz 
isodynamic magnetic separator ,กล้องจุลทรรศน์ , เครื่องวิเคราะห์การเลี้ยวเบนของรังสี
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ดังนั้นเพื่อปรับปรุงคุณภาพของทรายซิลิกาโดยวิธีโต๊ะสั่นแยกแร่ , เครื่องแยกแร่ด้วย
แม่เหล็กความเข้มข้นสูงแบบเปียกและ  Reverse Flotation ผลของตัวอย่าง(SiO2 = 94.61 
Wt.%), Fe2O3 = 0.18 Wt.%, Al2O3 = 2.50 Wt.% โดยเฉลี่ย และผลจากการใช้โต๊ะสั่นแยกแร่, 
WHIMS และ Reverse flotation คือ  SiO2 = 96.68 Wt.% 0.10 Wt.% ของเหล็กออกไซด์ , 
98.80 Wt.% กับ  0.057 Wt.% ของ Fe2O3 และ 99.14 Wt.% กับ  0.021 Wt.% ของ Fe2O3 
ตามล้าดับ.  นอกจากนี้ผลการวิเคราะห์ทางการเงิน ได้แก่ NPV = 754,615,135.13 บาท WACC 
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In this study was presented the pre-feasibility study of silica sand 

processing plant in Sihanoukville province. The resources approximately 8,750,000 
tons, would be a high potential deposit for the glass industry. In this study focuses 
on the characteristics of the silica sand, methodology to remove the impurities 
which contained high Fe2O3, Al2O3 and another major oxide element, and 
economic evaluation technique. To identification of silica sand which used sieve 
analysis, Frantz isodynamic magnetic separator following by electrical microscope, 
XRD, and XRF.  

Therefore, to upgrade the quality of silica sand, which is using Shaking 
Table, Wet High-Intensity Magnetic Separator, and Reverse Flotation. The result of 
original sample (SiO2 = 94.61 Wt.%), Fe2O3 = 0.18 Wt.%, Al2O3 = 2.50 Wt.% on an 
average. In the Shaking table, WHIMS, and Reverse flotation SiO2 = 96.68 Wt.% with 
0.10 Wt.% of iron oxides, 98.80 Wt.% with 0.057 Wt.% of Fe2O3, and 99.14 Wt.% 
with 0.021 Wt.% of Fe2O3 respectively. Moreover, the financial analysis result which 
including NPV = 754,615,135.13 baht, WACC = 13.64%, Discounted rate = 13%, IRR 
= 69.64%, and MIRR = 33.47% within Discounted payback period 1.44 years.  
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CHAPTER 1  
INTRODUCTION 

1.1 Background  

Sand is a naturally occurring granular material composed of finely divided rock 
and mineral particles. The composition of sand is highly variable, depend on the 
local sources and condition of regional geology, but the most common constituent 
of sand in inland continental settings and the non-tropical coastal setting is silica [1]. 
Sand consists of small grains of mineral and rock fragments, these grains size shall be 
of any mineral composition, the dominant component of sand is quartz, which is 
composed of silica or silicon dioxide. Another component may include alumina, 
feldspar and iron-bearing mineral   

Sihanoukville province is located at the tip of the rolling hills of a peninsula on 
the Gulf of Thailand. To its northwest and at its centre it rises to 15 meters above 
sea level, whereas the land gently and steadily flattens towards extended coastal 
plains, marshlands and beaches in the south and southeast. These hills, that provide 
a great variety of housing ground, good perspectives on the coastal plains, the 
beaches, the rivers, the sea and the islands define the region's natural character and 
value. Another agreeable fact is the Gulf of Thailand's low depth and the local 
climate, moderate in contrast to the South China Sea to the east and the Indian 
Ocean to the west, where taifuns and monsoonal extremes are permanent perils. 

Very pure sands are also found at several locations on the east side of Kompong 
Som bay. Which analysis of the geochemistry and granulometry of sand samples 
from a variety of location  Phum Sralau (103° 42'E, 11 ° 05'N), Phum Nesath (103° 40'E, 
11 ° 00'N), Prek Krapeu (103° 42'E, 10° 56'N), Phum Stoeng Thma (103° 43'E, 10° 53'N), 
and Phum Thma Rong (103° 41'E, 10° 46'N), which grade of SiO2 greater than 99 wt.% 
alumina oxides lower 1000 ppm, titanium oxide lower than 300 ppm, and iron oxides 
lower than 200 ppm.   
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Sand deposits in Cambodia abundantly occur along the rivers, especially along 
the Mekong river. A vast amount of sand deposit at the bottom channel or it may 
deposit along the riverbed. It is a significant source for construction material, those 
sand deposit called river sand deposit. On another hand, some sand deposits 
abundantly occur at off the coast of Koh Kong, Kampot and Sihanoukville provinces, 
its deposit is fundamentally economic for glass and ceramic industries. [2]. 

Figure 1-1: Geological map of Sihanoukville province 

Sands in this area were occurring from the weathering process of the sandstones 
and grits of the elephant range and the cardamom highlands to the north and east 
[3]. In addition, silica sand is one of the essential natural material resources, 
commonly used as an ingredient in many industries ceramic and glass, which is 
including silica sand, soda ash, dolomite and limestone for glass manufacturing. The 
glass manufacturers principally also concerned with the chemical composition of 
silica sands, and particularly iron, chromite, other refractory mineral contents, and its 
particle size which is commonly used with size not greater than 841 µm, and not 
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finer than 149-125 µm with the shape of silica sand is commonly angular and semi-
angular. The quality requirement depends on the type of glass being manufacture 
shown in Table 1-1. [4, 5].  

Table 1-1: Specification of glassmaking, Sources British Standard BS2975  

Grade Product SiO2 % Fe2O3 % Al2O3 % Cr2O3 ppm 

A Optical Glass 99.5 0.013 0.2 15 

B Tableware glass 99 0.01 0.2 2 

C Borosilicate glass 98.5 0.01 0.2 2 

D Colorless container glass 98.8 0.03 0.1 5 

E Flat glass 98 0.1 0.5 - 

F Colored glass 97 0.25 0.1 - 

G Insulating glass 94.5 0.3 3 - 

 

However, glasses have produced by melting silica sand with another glassmaking 
mineral. Those material needs to characterize the properties before feeding into the 
furnace whether its impurities could be impacts to properties of glass or not. The 
typical impurities in silica sand from raw material for glass is an iron oxide (Fe2O3), 
whereas, its presence can cause the colour of glass and strength [5]. 

1.2 Production of silica sand  

Silica sand was widespread mineral and occurring in relatively large quantities. 
The global demand of silica sand was increasing 5.5 percentage per year, which is 
approximately 291 million tons in 2018, and 333 million tons cross market in 2023 
was reported by International Mining and Resources Conference (IMARC) group. 
Moreover, the production of high purity quartz industry is positive growth rates 3-5 
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percent, Production of c (crystalline)-Si in 2007–2011 periods saw compound annual 
growth rate (CAGR) of 45% while Si-production for 2010–2014 is forecast to slow to 
CAGR in the 20–30% range reaching 300,000–400,000 tpa in 2014 (2010: 170,000 tpa) 
[6].  

Figure 1-2: Global Demand of silica sand by religion 

Figure 1-3: Application of silica sand, Sources: http://galereya-okon.marketgoods.ru/goods/fasad-
svetoprozrachnyy-profil-alyuminievyy-alutech-alyuteh 

1.3 Cambodian Government policy framework on mineral resources  

Ministry of Industry Mines and Energy (MIME) were issued the policy on mineral 
resources activity since 31 July 2001 to convincing either domestic or foreign 
companies to investigated in geological exploration and exploitation. The law has 
been defined into 6 categories of mineral license such as  
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- Artisanal mining license  
- Pits and quarries mining license  
- Gem mining license  
- Mineral [Gemstone] cutting license 
- Mineral exploration license 
- Industrial mining license 

Table 1-2: Law and regulation for mining in Cambodia: sources MIME 

Stage Mining tenements Provisions Terms 

Mineral 
exploration 

Mineral 
Exploration 

License 

Exclusive to 
conduct 

exploration within 
a specified area 

Valid for 2 years 
and renewable up 

to 4 years, 
maximum 200km2 

Mineral 
Development 

Industry mining 
license 

Exclusive right to 
extract minerals 
within a specified 

area 

Valid for 5 years 
and renewable for 
another 10 years 

   

In term of persuading the investor in Cambodia, the government has been 
increased the legal framework and established the regulation in the way that was 
positive to private sector investment and business activities in Cambodia. Where's in 
the mining sector 99.9% are owned by the foreign company, which can employ the 
expert from overseas in the case company could not found the specialist in 
domestic. According to the regulation of government and Financial Department was 
issued the law reverent to Corporate Income tax (CIT). All the foreign companies 
registered in Cambodia are under the self-declaration regime. In the general PE 
(permanent established) tax rate of 20 % on profitable, whereas oil and gas and 
certain mineral exploitation activities rated 30 % on gross profit. And insurance 
companies taxable at a rate 5% on the gross premium income and at the 20% on 
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other income derived from non-insurance activities, net interest income companies 
received after 4% or 6% WHT is not taxable income. In term of exhorting silica sand 
to abroad based on Prokas of MIME article 2 royalties’ rate 0.45 dollars per ton (14 
baht per ton) in case the price of silica lower than 20 dollars per ton (arm’s length 
price), where 0.5 dollars per ton (15.5 baht per ton) in case the price of silica greater 
than 20 dollars per ton.  

Depreciation method in exploration and development expenditure would be 
depreciated on a straight-line basis. For both petroleum and mining operations, 
research and exploration expenditure would be depreciated over the expected life 
of the commercial production under the development plan or five years, whichever 
is shorter. For development expenditure, the period is the shorter of the expected 
life of the commercial production under the development plan, or 10 years for 
petroleum operations (seven years for mining operations). Where the development 
plan is for a period of less than one year, the development expenditure would be 
aggregated with the research and exploration expenditure and depreciated over the 
expected life of the commercial production under the development plan, or five 
years, whichever is shorter [7].  

1.4 Location and Geological setting of the study area  

Cambodia where is the geologically composed of three different structure such 
as Triassic and Liassic known as Ancient Gulf over a huge area in the East, and 
Jurassic-Cretaceous continent sandstone, where form importance high land in the 
West and, between them the Quaternary basin which occupies the whole central 
plain of the country. Those sand has been found in young alluvium deposit. It is 
typically made up of a variety of material, including fine particles of silt, clay and 
larger particles of sand and gravel. Most of the alluvium is geologically Quaternary is 
age and is often referred to as cover because sediments obscure the underlying 
bedrock. The most of the sedimentary material that fills as basin (Basin Fill) that not 
lithified is typically lumped together as alluvial. [8].  
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Beach sands with a high proportion of heavy minerals such as ilmenite and zircon 
are generally dominant minerals where investigate, following by rutile and monazite. 
The Cambodian coastline, from Koh Kong southward to Sihanoukville and Kampot, 
has very clean sands with a few heavy minerals, which is occurring from river drain 
the Cardomom highlands, clean sandstone (senu lato) rocks [3].  

The mining license around 1,044 hectares in total area, where is the mains 
potential area was separated into two areas as shown in Figure 1-4. Whereas, the 1st 
area approximately 115 hectares, and 2nd area around 12.2 hectares. In addition, the 
production planned to extract until – 5 meters of depth, which had two mains 
products A and B shown in  

Table 1-4. From Figure 1-5 indicate the profile soil in mining area, at the depth of 
- 2 meters of layer soil are defined as a product A: Fe2O3<0.02%, whereas the depth 
from - 3 meter to - 5 meters is defined as production B: Fe2O3<0.08%. The total 

Figure 1-4: Study area overview 
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resources estimation approximately 14,950,000 tons, and reserve estimation 
approximately 8,750,000 tons of sand in this area.  

Table 1-3: Coordinate of license area UTM 48N Datum WGS84 

 Lat  Long  Lat Long 

A 358744 1191172.00 G 354365 1189157.00 

B 358793 1189621.00 H 353977 1189652.00 

C 357083 1188682.00 I 353909 1190588.00 

D 356651 1189340.00 J 354583 1191429.00 

E 356058 1188226.00 K 356777 1190884.00 

F 353778 1188881.00 
   

 
Table 1-4: Selling product to Thailand  

Silica sand with Fe2O3 < 0.02% (product A) 1,500 baht/ton 

Silica sand with Fe2O3 < 0.08% (product B)  1,000 baht/ton 

 

Figure 1-5: Soil Profile of the representative borehole from West to East in this study 
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From Figure 1-5 shows that the average depth of surface area that contained high 
grade of SiO2 approximately – 1.5 meter, which is covering of resources 
approximately 1,378,798 cubic metrics, whereas the lower grade began from the -1.5 
to – 5 meters, resources 10,281,292 cubic metrics of sand. There are two main 
production areas, the first area is operating within 10 years. Whereas, the second area 
is operating within two years. On another hand, this washing plant will operate 8 
hours per day and 26 days per month. The operation plant based on the capacity of 
the machinery, which is can be conducted with 100 ton per hour in the first year, 200 
ton per hour in the second year, and 400 ton per hour from third to tenth years. 
Moreover, production A will be produced 50,000 ton every year, and production B = 
200,000 tons in the first year, 450,000 tons at second, and started produced 950,000s 
ton respectively until finished the production as shown in Table 1-5.  

Table 1-5: Production plant and geometry of the layout 

Year  Production ton/year Geometry 

1 250,000 

 

2 500,000 

 

3 1,000,000 
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4 1,000,000 

 

5 1,000,000 

 

6 1,000,000 

 

7 1,000,000 

 

8 1,000,000 

 

9 1,000,000 
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10 1,000,000 

 

 

1.5 Statement of problem 

Silicon dioxide is the dominant one of only contain a very high proportion of 
silica but also should not contain more than strictly limited amounts of certain 
metallic elements. Due to the presence of iron oxide impurity in the silica sand can 
be more effective the optical properties of glass, higher weight percent of iron oxide 
the glass will change the colour to brown or green, produces varying shades of green 
in glass, and also control ultraviolet and infrared transmission of commercial glasses 
[9, 10].  

Grain size is also an important factor since the coarser sand will be difficult to 
melt, whereas, the more efficiency ranges from 0.1 to 1.0 mm [11]. In ordered to 
make either colourless glass or optical glass, the raw material must contain iron 
oxide less than 200 ppm in this study. However, Sihanoukville province in Cambodia 
has one of the substantial potential raw material of white silica sand, yet it is still 
containing a high proportion of impurity, especially iron oxide, aluminium oxide and 
another heavy mineral at the depth -1.5 meters downward.   

1.6 Objective of the study  

The aims of this study are:  

• To implement the method of beneficiation and upgrade silica sand for 
commercial specification.  

• To determine project financial evaluation, discounted cash flow (CAPEX, 
OPEX, NPV, IRR, MIRR, and Discounted payback period).   
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1.7 Scope of work 

In this study was started from collected the primary data and information from the 
government to conduct on pre-feasibility study, which divided into two parts.  

Processing Technique

Economic 

Sample Collection 

Mineral 
characterization

Shaking Table 

WHIMS

Reverse Flotation

Net present 
Value (NPV) 

Capital Cost, and 
Operation cost 

IRR, MIRR, and DPP

Sieve Analysis

Frantz Isodynamic 

XRD and XRF  

Information 

Silica sand 
Sihanoukville

Laboratory

 

Figure 1-6 Procedure of this study 

1.8 Expect benefit  

This study can be more benefited for the glass industry including  

- Providing the technical for silica sand upgrading by physical and chemical 
processes to meet a high requirement for very pure silica   
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- Illustrating the estimation method for project financial evaluation.  

1.9 Outline of thesis  

To present in this study, which is separated the contents into main fives chapters as 
follows:  

CHAPTER 1: Introduction has indicated the background, the location of silica 

sand, application of silica sand, its application, and policy framework 

of Ministry of Mine and Energy of Cambodia. Also demonstrated the 

objective and expected benefit from this study. 

CHAPTER 2: Presented the literature review, the relevant theory, previous study 

for upgrading the silica sand, and the project evaluation.   

CHAPTER 3: Illustrate the methodology for silica sand processing, determine the 

unit operation, and economic evaluation. 

CHAPTER 4: Present the result and discussion from characterized of the sample, 

Upgrading silica sand, and economic analysis.  

CHAPTER 5: Provide the conclusion and recommendation for further study.  
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CHAPTER 2  
LITERATURE REVIEW  

This chapter provides an overview of previous research on the topic which is 
related to this study. It is introduced the methodology, parameter of the condition, 
and some influence factors to evaluate the project base on its economic analysis. 
The mains sections are divided into two parts which including the Silica sand 
upgrading, and Project evaluation. 

2.1 Silica sand upgrading  

The aims of an upgradation silica sand to provide the specification glass material. 
There are many methodologies to separate the impurities from silica sand such as 
gravitational, physicochemical, and chemical treatment. These studies consist with 
other researchers who have investigated the same response for this methodology.  

2.1.1 Physical separation 

In term of SiO2 is purify up to a certain level by physical separation processing. in the 
general, the process of purifying silica sand comprised washing and desliming the 
sand to remove the major oxide some part of clay mineral binder, attrition scrubbing, 
drying. Moreover, the magnetic separator also conducts to remove the heavy mineral 
from silica sand as they are mostly paramagnetic or ferromagnetic. Those particles 
are attached by a magnetic field, and non-magnetic fraction defined as silica.   This 
process was suggested by Raghavan, et al, Manel, et al, and Ibrahim et al. [12-14] 

Raghavan et al. 2006 [12] were studied on the development of a beneficiation 
flow sheet for processing silica sand from Cherthala, India. The experiment was 
conducted with a wet process, scrubbing, screening, attrition following by magnetic 
separation, classified by hydro-cyclone, the final stage is a spiral classifier. The 
representative sample size – 600 + 106 µm, a varied condition in this study are 
percent solid of attrition, and time of scrubbing following by high intensity magnetic 
3.2 Amp. Moreover, the optimized condition in this research was scrubbing within 30 
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min, can removed iron from 0.025% to 0.006%, and 55% solid can be removing 
impurities iron oxide from 0.021% to 0.0122%.  

Ibrahim et al. 2013 [13] also worked on gravity separation method for upgrading 
the value of silica sand for glass industrial from Egypt. The experiment was carried 
out with dry sieve analysis, attrition scrubber and Wilfley shaking table try to adopt 
simple cost-effective, and environment-friendly processing by following this process. 
The representative sample was using sieve analysis to measure the particle size 
distribution to rejected + 0.6 mm and – 0.10 mm fractions from the sample, the 
fraction – 0.6 mm + 0.10 mm to directed to attrition scrubbing with sufficient pulp 
density, attrition impeller speed and time. Furthermore, the shaking table was carried 
an outfeed rate of water, stroke length, and deck inclination, the optimized condition 
parameter pulp density 65-70 % of solid. Plus, the speed of impeller 2400 rpm, time 
of scrubbing 30min, deck inclination of shaking table from 7.50 to 80, the stroke 
length 2.5cm, and the flow rate of water 15 l/min. However, iron and alumina oxides 
can reduce from 0.039% Fe2O3, 0.041% Al2O3 to the final products 0.018% Fe2O3 and 
0.090% Al2O3. It was the applicable quality of optical applications. 

Manel et al. 2016 [14] have studied on quartz sand beneficiation using magnetic 
and electrostatic separation for glass application in Tunisia. In this experiment were 
conducted with attrition scrubbing 10 min, classified particle + 0.1 to – 0.63 mm, 
then separated into two procedures the first fraction went to shaking table, WHIMs 
then the final product directly to electrostatic separation with high voltage 28Kv 
retained the nonconductor are the production sand. Plus, the second fractions went 
directly to WHIMs (intensity 20,000 Gauss) retained the nonmagnetic fraction are the 
final products. The products from WHIMs following by electrostatic can upgrade silica 
SiO2 from 99.39% to 99.99%, and reduced Fe2O3 from 0.12% to 9 ppm, Al2O3 from 
0.29% to 80 ppm, TiO2 from 0.033% to 10 ppm. For the products directed from 
WHIMs can upgrade SiO2 from 99.34% to 99.51%, and reduced Fe2O3 from 0.12% to 
310 ppm, Al2O3 from 0.29% to 0.14% and TiO2 from 330 ppm to 100 ppm of 
concentrations.  
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2.1.2 Frother flotation  

Forth flotation selectively separates mineral according to differences in their ability 
to be wetted, enhance or suppressed by conditioning reagents. The separation will 
be taking place in a water-filled medium into which the ore is fed to forms 

Figure 2-1: Flowsheet of two presented schemes for upgrading silica sand by Manel et al 2016 
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suspension which is agitated to avoid sedimentation process of fine particle ore. 
There were some noticeable factors will be influenced in this process such as 
frothing agent, hydrophobic and hydrophobized mineral particles. Heavy mineral, 
feldspar or mica and other impurities attached to the air bubble and raised to the 
surface forming froth whereas hydrophilic particles sinking down to the bottom of 
the flotation cell. 

D. Mowla et al. 2008 [15] conducted with remove hematite from silica sand by 
reverse flotation technique in Iran. The experiment focused on the efficiency of iron 
removal by various the condition of time reaction, temperature, collector’s 
consumption, pulp solid concentration, and pH control. Whereas the result showed 
that separation of hematite from silica sand by reverse flotation was accomplished, 
with exists optimization of collector concentration from (Aero 800-series). Moreover, 
the satisfy result of % solid indicated 20% highest removed iron oxide reached 40% 
of removal, conditioning time 4 min is optimized, the collector consumption could 
not more than 1.5 g/kg (1500g/t) can removed iron from 0.022 to 0.018% 
respectively, and pH (H2SO4) = 2.5 is the best condition that can remove iron until 
39%.  

On another hand, EI EI Win 2015 [16] also studied on upgrading silica sand from 
Thung Tago Deposit in Thailand. The experiment was conducted with laboratory 
scale by using a Shaking table, wet high-intensity magnetic separation (WHIMS), 
flotation, and acid leaching. There are some various parameters in this study, which is 
optimized for iron oxide remove from silica sand. Undertake inclination of shaking 
table 100, 120, and 150, WHIMS are using the 12-15 Amps of the current magnetic 
field (Maximum), whereas the flotation was used AOA and NANZA promoters, H2SO4 
as a modifier and pine oil as a frother. Moreover, acid leaching was conducted with 
HF 20ml, 10-70 % solid, from 0.5 to 5 hours ranges. HCL 20ml the same condition 
with HF, and H2SO4 20ml as a final test within 10-70% solid as well, time reaction 
ranges from 0.5 to 5 hours. The result was shown the best condition from shaking 
table was 100, flotation test is reducing iron oxide from 0.07 wt. % to 0.05 wt. % is 
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the best condition achieved from using 100ml collector’s dosages. In another hand, 
leaching test within suitable condition 5 hours of reaction time with 20% solid of 
each test.   

Figure 2-2: Block diagram for hematite removal process, D. Mowla et al. 2008 

Figure 2-3: The suggestion in silica sand upgrading from Thailand, EI EI Win 
2015 
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2.2 Project evaluation  

A pre-feasibility study is used the discount cash flow method to determine the 
economic factors such as the net present value NPV, internal rate of return IRR, the 
modified internal rate of return, and discount payback period to figure out the time 
to recover the capital cost back [17, 18]. Bhagwat et al, 2001 has been studied on 
feldspar and quartz preliminary feasibility study in Kankakee country, which is used 
the preliminary economic analysis of the feasibility of extracting and marketing 
feldspar and quartz sand or silica sand. The result confirms that 74% quartz (silica 
sand) 21% feldspar and 5% other minerals, the proposed processing plant was 
designed for an annual capacity of 112,000 tons raw input or 100,000 tons of 
production.  

The basic operating condition assumed two shifts per day and 200 working days 
per year. The commercially available data were used to estimate the initial mining 
and processing plant investment and operation cost. Initial depreciable investment 
including the equipment, transport, and installation range from $ 1.67million to $ 
2.41 million, whereas the operation and maintenance cost, ranges $85 to $111 per 
hour at the discount rate 18%. The pre-feasibility study estimate indicates that 
profitability increases significantly if the plant is assumed to be operable for three 
shifts per day and 250days per year, are recommend by operator[17]. On another 

Figure 2-4: Profitable analysis  
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hand, USAID Pakistan also conducted on silica sand processing plant for float glass 
manufacture by using pre-feasibility study to identify the projects, for technical 
strength investment. The result shows that the total cost of operation PKR1.67billion 
in the first year, expected to rise to KPR4.199 billion by year 10. And the project IRR 
= 19.31%, NPV = 808,641,858 PKR, equity IRR = 19.74%, and NPV equity = 
608,754,835KPR as shown in Figure 2-4. [18] 

Kem 2013 [19] has been studied on pre-feasibility of limestone quarry 
development for the cement industry in Cambodia, were developed a financial 
analysis involving discounted cash flow model, the net present value (NPV), internal 
rate of return (IRR) and weight average cost of return (WACC). Moreover, the mine 
operation also has been calculated within the optimum condition. Which is material 
handling, truck estimated, loader, and an excavator to fulfil the requirements of unit 
operation in quarry surface mining. The result was shown NPV = 19.3 million dollars, 
IRR = 45% higher than WACC = 15%.  

Phaisopha 2015 [20] has been conducted with the pre-feasibility study of gold 
mining development in Lao PDR. In this research focusing on the technique of 
development in mining method, and financial analysis model using discounted cash 
flow DCF, a criterion net present value NPV, internal rate of return IRR, and weight 
average cost of capital WACC. To optimize the operation cost and proposed some 
mitigation guideline for investment, social impact and environmental impact. The 
result was shown geological resources of gold approximately 34.87 MT, within 
approximate reserve 2.44 MT of gold. Therefore, NPV = 1.93 million dollars, IRR = 
22% higher than WACC = 12.6%.  
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CHAPTER 3  
MATERIAL AND METHODOLOGY 

The aim of this chapter to provide the methodology of silica upgrading value, 
and project evaluation. It was conducted with a laboratory scale which is using the 
optimum condition of each processing method either physical or physicochemical 
(reverse froth flotation) processes. In this study attempt to remove the iron oxide 
from the third layer of soil which contains high iron (Fe2O3=0.18%) to meet the 
requirement of production A: Fe2O3≤0.02%.  

Figure 3-1: Methodology of processing sand 
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Following the procedure of the methodology upgrading silica sand to meet the 
commercial specification of glassmaking material. In this study was classified the soil 
into three layers, the first and second layer are a very good quality of silica, and the 
third layer is the lowest quality of silica which is conducted in this experiment as 
shown in Figure 3-1.   

3.1 Material and sample preparation  

The sample in this study was taken from the third layer of soil from -3meters to -
5meters, due to the grade of silica sands are very low which has mixed with clay 
mineral and silt from that area as shown in Figure 3-2. The bulk sample 
approximately 5,000gram after dry of each hole of sampling from Steung Hav district, 
Sihanoukville province, Cambodia. The Hand auger is using for collecting the sample 
by removed the surface soil with the shovel - 0.5 meters then continuing with the 
auger to approached - 2 meters depth. Then, take it from field to laboratory 
approximately 630 km in order to dry 24 hours with 105 oC to determine the 
moisture of sands, and started further experimental in the Mining laboratory in 
Chulalongkorn University, Thailand. 

John riffle is the sampling splitter to get a representative sample for doing a 
further experiment, it is open V-shape and used to reducing the amount of sample 

Figure 3-2: Sampling of Raw Material by removed the overburden and Hand Auger 

Hand auger  1st layer = 0.5 m  2nd layer = 1.5 m 
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to obtain a reasonable representative. The silica sand flows through alternatively 
arrange passage, in the opposite direction into the two-collecting pan under the 
dividing head outlet. The feed sample was taking out 200g to investigate by sieve 
analysis for 20 minutes.  

3.1.1 Characterization of raw material silica sand 

3.1.1.1 Particle size distribution  

Particle size distribution of raw material was investigated by using sieve 
analysis to determine the particle size of the sand sample. Before running 
experiment, the sample has dried for 24hours then further used the john riffle 
splitter 2000g of sand until 200g is obtaining a representative sample. Furthermore, 
the 200g of sand was sieved through size including #20 (841 µm), #30 (600 µm), #40 
(425 µm), #70 (212 µm), #100 (150 µm), #140 (106 µm), and #200 (75 µm) within 20 
minutes shown in Figure 3-3. After finished sieving, weight the each of retained to 
calculate cumulative passing and retaining represent by plot chart in order to 
determine the average particle size of all sample by D50. The investigation of particle 
size of the sample is essential for mineral processing, which is used for equipment 
selection, pumping machine, and limited capacity of instruments.   

Figure 3-3: Sieve analysis 
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3.1.1.2 Frantz isodynamic magnetic separator 

Frantz isodynamic magnetic separator machine Serial N.1454, made in the 
USA by S.G Frantz c., Inc. was used to separate and identify a magnetic and non-
magnetic mineral by small portion fraction. The side slope commonly uses a fixed to 
25 degrees and 10g of each sample feed into the feeder and passed the separator at 
the current set 0.4 Amp to take out the magnetic fraction, then the non-magnetic 
directly refeed into vibration cone again at 0.7 Amp and label magnetic fraction. 
Finally, a process using 1.2 Amp sequence from 0.7Amp, Therefore, both magnetic 

and non-magnetic fraction was collected to see under a binocular microscope in 
order to identify particularly sample by physical properties and its magnetic 
susceptibility to correlated with the result from XRF and XRD was shown in  Figure 
3-4.  

Figure 3-4: Frantz Isodynamic magnetic separator (FIMs) procedure 

Figure 3-5: Frantz isodynamic magnetic separator 
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To identify mineral under microscopy for each magnetic fraction separate the grain 
into various groups. To assign a mineral name to each group, the properties that are 
most easily recognized under a binocular microscope are colour, luster, cleavage, 
and shape.  

Table 3-1: Type of susceptibility’s mineral separated by Frantz isodynamic separator 

The magnetic field 
at Amp 

Type of mineral  

0.4 A Garnet, Ilmenite, Siderite 

0.7 A 
hydro ilmenite, columbite, Tantalite, Wolframite, xenotime, hematite, 

laterite, tourmaline 

1.2 A Hydro ilmenite, struvite, muscovite, biotite, 

Non-magnetic Cassiterite, rutile, zircon, pyrite, quartz 

 

3.1.1.3 X-ray diffraction and X-ray fluorescence 

a. X-ray diffraction  

X-ray diffraction is a technique used to study non-destructive crystalline 
structures, that impact the crystalline surface of the sample at the different angles. 
The result will be compared to the standard database, to determine the composition 
compound base on Bragg’s law the X-ray absorbed through the crystal layer. This 
will cause the reflection at the surface of each atom as shown in Figure 3-6. The 
condition for maximum intensity contained in Bragg’s law allows to calculate detail 
about crystal structure and determine the wavelength of the X-ray following by 
Equation 2 sinn d = , Where  =wavelength (nanometer), d = lattice spacing 
(nanometer), n = order number.  
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b. X-ray fluorescent  

In this process undertook by using approximately 10g of samples. All the sample 
putting in this system for analysis that sample must grind by cup mill and 
compressing by hydraulic into a plate before doing analysis showed in Figure 3-7. In 
this case, all samples were added chemical binder polystyrene powder RS1100 to 
prevented from failure or crack. To use this model of XRF correctly and safely carry 
out following startup before operating.  

However, the error percentage is still concerning which occurred during the 
sample preparation. Some of the samples are rising the contaminate of iron oxide 
and another heavy mineral which came from an old cup mill. By doing so, to make 
an accurate to result must be proper preparation and clean the cup mill with the 
alcohol every time, before ground sample. Make sure the time of grinding is not 
exceeded 40 seconds if the longer time of ground the sample will be rising the 
contaminants as well.  

Figure 3-7: [A] Binder chemical RS1100, [B] Sample for XRF 
 

[B[A] 

Figure 3-6: Bragg's Law 
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3.2 Wet sieve and hand washing 

All samples which were taken from the field directly investigated by wet sieve 
process using tray number 20 mesh (841 µm) and clean by water spray to remove 
the biomaterial such as wood, the root of grasses, and charcoal. Therefore, the 
oversize of 841 µm was rejected as waste and undersize further dry within 24 hours 
for further.  

3.3 Shaking table 

Shaking Table has been used in mineral processing base on their properties. In 
this case using the Wilfley model which is 45 cm of wide, and 100 cm of length 
within capacity 50 kg per hour. Therefore, 1 kg of the sample was prepared by a 
sampling of bulk 5 kg through sampler splitter from the previous method of wet 
screening to get a representative sample before doing an experiment. After drying for 
24 h within 105 0C in the oven before doing the shaking table. 

In this process, were repeated until having no longer or a very small portion of 
middling around six times. There is three mains factor that can be effective in this 
operation such as deck angle of the table, water flowrate and frequency of shaking. 
In this study, was using water flowrate 220 ml/s, frequency 276 rpm and various 
condition of deck angle of table range from 8, 10, 12, and 150 shown in Figure 3-8. 

[B] [C] [D] [A] 

Figure 3-8: Shaking table operation [A] Compass to measure the inclination of deck, [B] Heavy 
fraction (waste) [C] middling, [D] Light fraction (product) 
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3.4 Wet high-intensity magnetic separator 

WHIMs ERIEZ Magnetic T450388 model, it was used water flowrate 70 ml/s, 
Tension (volt = 70V), Intensity (Ampere = 14-15Amps). This WHIMS machine consists 
two electromagnetic coils with stainless steel box, which has a flux covering element 
is located between magnetic poles 20.32 cm of high, 5 cm of wide, and 2.5 cm of 
deep with inlet and outlet. In this process are repeated only 6 times.  

WHIMS

Magnetic Fraction
Non Magnetic 

Fraction 

14 Amp

Re-feed

 

Figure 3-10: Wet High Intensity Magnetic Separation process 

Figure 3-9: Shaking table Procedure  

Shaking Table

Heavy Fraction Middling Light Fraction (Product)

-841µm Re-feed
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WHIMS process first turns on the machine and adjust an ampere button to 14 or 
15 Amp that is the maximum of capacity for this model. Adjust the water flow rate 
by manually then flow the slurry through the magnetic coil so that the iron will be 
stick with magnetic susceptibility, and nonmagnetic fraction can come through a 
magnetic field by water flow. After finished turn off the magnetic field and using the 
water to remove all magnetic minerals repeatedly until having no magnetic fraction. 
After that, all fractions were dried 24 h in the oven before checking Iron percentage 
by XRF.  

Figure 3-11: Wet high-intensity magnetic separation [A] input slurry, [B] output non-magnetic 
fraction 
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3.5 Reverse flotation 

In this study, the froth reverse flotation method was applied to remove Fe2O3 
and associated heavy mineral from silica sand to meet the specification of colourless 
glass requirements in term of pure silica by using H2SO4 as a modifier. The promoter 
AOA (named by a local company in Thailand is Amine, a cation to recovery the 
heavy minerals from sand) and NANZA (Petroleum Supinate, anion collector to 
recovery metal from sand), and pine oil as a frother. The sample washed from 
WHIMS process range from 700-1000g of each condition with the water 4l to produce 
the slurry stirring. In this experiment was carried out two conditions to figure out the 
best condition for either further experiment or real processing plant including AOA + 
NANZA ranged from 600 to 1,200 g/t, and speed of agitator equal to 1200 rpm. 
Therefore, Sulfuric acid H2SO4 10% equal 600g/t into the cell to modify the physical 
properties of the solution, which is pH value checked by the paper of pH meter in 
each experiment range from 1-2 before injected cation collector AOA into the cell to 
reacts 5 minutes then injected pine oil 20 g/t into the stirring process.  

Figure 3-12: Reverse flotation procedure 

Slurry, 50% 
solid

H2SO4 (600g/t)
, pH =1-2

AOA (1200g/t) NANZA (1200g/t)

Pure Sand Fe2O3 < 200 
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1 st Tailing
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-841+75 µm
5 min

Pine oil

Floated Sinked

Floated



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 44 

 In the final step, opened the inlet of the air to generate the bubble attached by 
the collectors and floated it up to the surface. Usually, the air was closed during the 
experiment before adding pine oil, after finished first cleaner then closed air again. In 
this experiment is a sequencing process which means that new collector NANZA was 
added into the cell after removing all bubble from the cell, then kept it stirring for 5 
minutes before injecting new pine oil 20 g/t to generate a new bubble. Furthermore, 
open inlet air to generate new bubbles, a pure silica sand was taken from the cell 
and dilute water, dry for 24 hours afterwards before checking the chemical 
composition through XRF. 

 

 

Figure 3-14: [A] Collector AOA & NANZA, [B] pH paper to measure pH in slurry of sample, and 
[C] pine oil frother 

[A] [B] [C] 

Figure 3-13: Flotation cell operation (4l capacity) 
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3.6 Project evaluation  

The pre-feasibility study was focusing on method to evaluate the project in order 
to make the final decision for investment, which is considering as the Net present 
value, the internal rate of return, the modified internal rate of return, and discount 
payback period. Basically, there are two types of evaluation techniques such as 
traditional techniques and discounted cash flow or time adjusted techniques shown 
in Figure 3-15. In this study will be focused on discount cash flow (DCF) to determine 
the Net present value (NPV), Internal rate of return (IRR), Modified internal rate of 
return (MIRR), and discount payback period (DPP). 

The cash flow in this study is referring to a net inflow of money that occurs during 
a specific period Following by some equations below 

• Gross profit = gross revenues – operation expense – depreciation & depletion 

• Net profit = gross profit (taxable income) – tax  

• Cash flow = net profit + depreciation and depletion – capital cost 

Figure 3-15: Method of Project Evaluation 
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The discounted cash flow method is widely accepted and used in the industry for all 
types of capital investment evaluations [21]. It is critical when assessing the 
profitability of long-term investment where PB = payback period, ARR = accounting 
rate of return, MIRR = modified rate of return, TV = terminal value, and PI = 
profitability index or benefit/cost ratio. 

3.6.1 Net present value (NPV)  

The net present value (NPV), also referred to the present value of cash flow 
surplus or present worth, which is obtaining by subtracting the present value of 
periodic cash outflow from the present value of periodic cash flows. The present 
value calculated by using the weighted average cost capital of the investor also 
referred to the discount rate or minimum acceptable rate of return [20]. 
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 Equation 3-1 

Where  St = the expected net cash flow (gross revenue – LOE – taxes) at the 
end of year t  

 I0 = the initial investment outlay at time zero  

 Id = the discount rate,  

 N = the project’s economic life in years  

 NCF = net cash flow  

Rule of investment, If the NPV is positive, the project is acceptable, and NPV is 
negative, the project is rejected. If NPV is zero meant the discount rate equal to the 
internal rate of return. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 47 

3.6.2 The internal rate of return (IRR)  

The internal rate of return (IRR) is another important and widely reported 
measure of profitable of the project. The rule of making the investment decision 
when using IRR:  

- Accept the investment if the IRR is higher than the return on the alternative 
use of fund or capital cost  

- Reject the investment if calculate IRR is less than the return of Capital cost  

Following the Equation 3-3.  

1

0
(1 )

n
t

t
t

NCF

IRR=

=
+

       Equation 3-2 

The internal rate of return on either investment or project is the annualized effective 
compounded return rate or rate of return that makes the net present value of all 
cash flows both positive or negative from a particular investment dual to zero [22].  

3.6.3 The modified rate of return (MIRR) 

MIRR is a financial measurement of an investment’s attractiveness. It is used in 
capital budgeting to rank alternative investment of equal size, aim to resolve some 
problems with IRR [23, 24]. The MIRR is a function of both reinvestment rate and the 
pattern of cash flow, with higher reinvestment rate leading to greater MIRR [25]. 
Following by equation below  
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    Equation 3-3 

Where CIF = cash inflow, COF = cash outflow, WACC = weight average cost of capital, 
N = year, t = discount rate.  
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( ) ( )(1 )e d

E D
WACC r r t

D E D E
= + −

+ +
   Equation 3-4 

Where E = market value of equity  

 D = Market value of debt  

 re = cost of equity  

 rD = cost of debt  

  t = corporate tax rate  

The decision rule for the MIRR is to invest in a project if it provides a return 
greater than the cost of capital, which means the investment is expected to return 
more than a requirement. If MIRR less than capital cost rejected, which mean the 
investment is expected to return less than a requirement. If MIRR equal to zero are 
indifference between accepting or rejecting the project, which means the investment 
is expect5ed to return what is required.  

3.6.4 Discounted payback period (DPP)  

The discount payback period (PP) is the number of years for the projects to 
break even. The number of years for which a discounted annual net cash flow must 
be summed before the sum becomes positive [26]. The Payback period is the time 
during which the initial cash outflow of investment is expected to recover from the 
cash inflows generated by the investment.  

- Discounted Payback Period = Cut off Period + Initial investment / Cash inflow 
per period [27]. 
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CHAPTER 4  
RESULTS AND DISCUSSION 

In this chapter reports the result of all experiments from the first method until 
the final product of pure silica sand is reported. Due to the experiment gravitational 
could not upgrading silica sand until meeting the high purity sand, that why the 
chemical treatment has been applying reverse froth flotation to enriching high grade 
of silica sand to meet the high-grade specification of glass, and the result of financial 
analysis.  

4.1 Silica sand characterization  

4.1.1 Particle size distribution  

The result of particle distribution presented as 200 grams of sand shown in 
Table 4-1. The analyzed samples show a wide variation in particle size in 
Sihanoukville sand having a big grained size over 20# (841 µm) around 2% of 
representative samples, as shown in Figure 4-1, Illustrate that most of the sample is 
mainly retained on 70# (212 µm) was 45.22 %, and 100# (150 µm) was 21.10 % of 
size fractions. Plastias et al., 2014 was stated the recommendation grain size for silica 
sand ranged from 250 to 325 µm [28].  

Table 4-1: Particle size distribution 

Sample %Wt. Retained 

Size (µm) 841 595 554 210 149 105 88 74 

P32 3.13 3.28 8.63 45.11 25.08 10.95 2.52 1.56 

P34 1.29 1.34 5.7 59.73 22.29 7.43 1.49 0.74 

P34 0.5 0.35 1.87 46.17 33.45 13.93 2.57 1.16 

P37 3.48 3.43 4.09 35.02 25.83 20.43 1.61 7.52 
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P39 11.81 3.38 4.34 20.99 22.35 23.97 7.42 6.86 

P40 3.02 2.56 3.12 27.7 22.62 22.42 9 9.55 

P41 1.92 1.97 5.85 56.81 21.8 7.21 2.12 2.67 

P42 0.76 1.51 5.9 55.1 27.75 7.06 1.77 0.96 

P44 14.38 3.78 3.23 33 24.77 14.18 4.24 3.58 

P45 16.37 3.02 2.62 26.85 23.48 17.73 5.54 4.38 

P46 3.27 2.92 3.82 39.19 28.17 16.45 2.57 3.62 

P46 3.28 2.93 3.83 39.3 28.25 16.5 2.57 3.63 

P49 13.77 3.68 3.53 27.55 24.12 18.21 4.59 4.99 

W11 0.35 0.6 3.51 38.47 25.83 17.2 5.22 8.83 

W12 1.11 2.22 14.21 75.25 3.93 1.06 0.15 2.07 

W13 2.84 5.07 20.55 59.45 8.66 1.94 0.6 0.9 

W5 2.32 3.07 16.67 65.61 5.44 2.77 0.96 3.17 

W7 2.27 4.6 20.96 62.58 6.06 1.31 0.66 1.57 

Mean 4.77 2.76 7.36 45.22 21.1 12.26 3.09 3.76 

Median 2.93 2.975 4.215 42.205 23.8 14.055 2.545 3.375 

Max 16.37 5.07 20.96 75.25 33.45 23.97 9 9.55 

Min 0.35 0.35 1.87 20.99 3.93 1.06 0.15 0.74 
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Figure 4-1: Particle Size distribution 

  

0

10

20

30

40

50

60

70

80

50 100 200 400 800

RE
TA

IN
ED

 %

MICRONS 

PARTICLE SIZE DISTRIBUTION

Mean Median

Max Min

0
10
20
30
40
50
60
70
80
90

100

0.05 0.10 0.20 0.40 0.80

CU
M

UL
AT

IV
E 

PA
SS

IN
G 

%

PARTICLE SIZE (MM)

PARTICLE DISTRIBUTION 

P40 W11
P34 P40
P46 W5
W13 W12
W7 P30
P33 P37
P31 P35
P39 P44



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 52 

4.1.2 Identification of mineral in silica sand 

Frantz isodynamic magnetic separator was used to separate the magnetic mineral 
by a small portion of sample following by microscopy bases on its ampere. The 
experiment was conducted with 0.4 Amp, 07 Amp, and 1.2 Amp. In generally, FIMS 
separated a small portion of ilmenite and garnet were separated at 0.4 Amp, rutile, 
and tourmaline within 0.7Amp, and bearing rutile, and a small amount of garnet was 
collected at 1.2 Amp tailing. For those magnetic fraction defined as an unwanted 
product, it may contain iron mineral higher than a non-magnetic fraction.  

Typically, minerals in a magnetic fraction of 0.4 Amp are ilmenite garnet and 
some unliberated quartz were coming up with an unwanted fraction, at 0.7 Amp 
magnetic fraction were indicated magnetic minerals such as monazite, hematite, 
tourmaline and some fraction of ilmenite and quartz, whereas the final product from 
1.2 Amp there is two fractions, magnetic and nonmagnetic fraction as shown in Table 
3-1. In 1.2 Amp magnetic fraction shown that there is some bearing hydro-ilmenite, 
struvite, muscovite, and biotite. Hence, a non-magnetic fraction of 1.2 Amp showed 
some bearing monazite, rutile, and mostly are quartz, the magnetic mineral cannot 
separate from two previous conditions such a small portion of mineral.  

Figure 4-2: [A] Silica sand defined as original sample before processing, [B] Silica sand after 
processing 
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From Figure 4-2, presence of SiO2 along with other minerals can be observed 
from stereo microsopic view trace of subrouned quartz was found. And from Figure 
4-3 presents the magnetic fraction after 0.7 Amp process, which contained some clay 
binder, sapnonite (Ca0.5,Na)0.3(Mg, Fe+2)3(Si, Al)4O10(H)2*H2O), quartz coated by 
hematite and biotite. Whereas in Figure 4-4 shows the picture from magnetic fraction 
1.2 Amp there some noticable impurities such as hematite, monazite, laterite 
mineral, rutile and some unidentifable minerals which confirmed with XRD result as 
shown in Figure 4-5.  

Figure 4-3: Magnetic fraction from Washing silica sand at 0.7 Amp 
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Figure 4-4: Magnetic fraction 1.2 Amp 
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4.1.3 The chemical properties of silica sand  

The representative sand was checked the chemical composition through the 
X-ray fluorescence model super mini 200 Rigaku (WDXRF). The raw silica sand was 
taken from the field are mostly come up with the natural glue, charcoal and organic 
material were shown in Figure 4-2. In Table 4-2: The sample was taken from the field 
within a depth from -2m to -5m to conduct in this experiment. The result from X-ray 
fluorescence was showed that silica sand still highly contained with a piece of wood 
and root of grass. The major oxide namely SiO2, Al2O3, SO3, K2O, Cr2O3, Fe2O3, ZrO2, 
MgO, CaO, and TiO2 are defined as weight percentage (Wt.%). 

Table 4-2: Chemical composition of silica sand from Steung Hav district 

Original sample  

SAMPLE ID SiO2 Al2O3 SO3 K2O Cr2O3 Fe2O3 ZrO2 MgO CaO TiO2 Other 

P30 95.10 3.19 0.22 0.19 0.17 0.12 0.04 0.12 0.10 0.16 0.59 

P32 91.10 3.29 2.94 0.20 0.16 0.28 0.04 0.20 0.14 0.22 1.43 
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Figure 4-5: XRD pattern of original sample 
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P34 98.28 0.26 0.04 0.04 0.31 0.16 0.04 - 0.04 - 0.83 

P35 97.80 0.90 0.06 0.10 0.26 0.12 0.05 - - 0.14 0.57 

P37 95.30 2.97 0.14 0.16 0.19 0.12 0.03 0.13 0.06 0.17 0.73 

P39 91.80 3.80 1.36 0.26 0.22 0.23 0.04 0.24 0.04 0.22 1.79 

P40 95.80 2.10 0.10 0.16 0.33 0.18 0.05 0.04 - 0.22 1.02 

P41 96.70 1.33 0.44 0.10 0.23 0.14 0.03 0.07 0.02 0.13 0.81 

P42 98.10 0.57 0.16 0.05 0.25 0.11 0.04 - 0.01 0.09 0.62 

P44 94.70 2.65 0.42 0.16 0.20 0.15 0.04 0.17 0.10 0.18 1.23 

P45 93.80 2.94 0.74 0.19 0.22 0.17 0.05 0.19 0.31 0.18 1.21 

P46 94.86 1.94 0.53 0.16 0.38 0.26 0.05 0.10 - 0.14 1.58 

P48 94.80 1.74 1.50 0.11 0.22 0.22 0.02 0.07 0.09 0.14 1.09 

P49 91.50 3.12 1.91 0.21 0.26 0.25 0.05 0.33 0.09 0.24 2.04 

W5 91.50 4.06 1.63 0.23 0.33 0.29 0.05 0.11 0.06 0.25 1.49 

W7 92.30 4.58 0.50 0.25 0.24 0.23 0.06 0.14 0.26 0.32 1.12 

W11 93.40 2.59 - 0.29 0.56 0.14 0.19 0.03 0.02 0.53 2.25 

W12 94.80 3.07 0.31 0.18 0.20 0.14 0.05 0.12 0.11 0.20 0.82 

W13 96.00 2.46 0.06 0.16 0.21 0.12 0.04 0.06 0.02 0.17 0.70 

Mean 94.61 2.50 0.73 0.17 0.26 0.18 0.05 0.13 0.09 0.21 1.15 

Median 94.80 2.65 0.43 0.16 0.23 0.16 0.04 0.12 0.08 0.18 1.09 

Max 98.28 4.58 2.94 0.29 0.56 0.29 0.19 0.33 0.31 0.53 2.25 

Min 91.10 0.26 0.04 0.04 0.16 0.11 0.02 0.03 0.01 0.09 0.57 
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From Table 4-2: summaries the statistics which is Standard Error (S.E) of SiO2 = 
0.52, mode and median value = 94.8, Standard Deviation (SD) = 2.3, sample variance 
(SV) = 5.078, Skewness = - 0.013, and kurtosis = -0.089. Fe2O3 SE = 0.013, SD = 0.06, 
SV = 0.0036, and Skewness = 0.55, and Al2O3 S.E = 0.26, S.D = 1.16, S.V = 1.35, and 
Skewness = -0.033. TiO2 S.E = 0.02, SD = 0.10, S.V =0.011, and skewness = 1.62. 

Figure 4-6 shows the mean percentile of silicon dioxide from the third layer of 
soil which the main target in this study, the grade arranges from 91.1 to 98.28%, and 
the mean value is 94.69%, whereas the commercial specification grade D SiO2 greater 
than 99%. As well as, iron oxide and other major oxide from Figure 4-7 shows the 
mean percentile of major oxide which contained in raw silica sand was 2.48%, 0.18%, 
and 0.2% Al2O3, Fe2O3, and TiO2 respectively. Whereas, the specification limitation of 
those impurities was 0.1%, 0.03%, and 0.01% Al2O3, Fe2O3, and TiO2 respectively.  
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Figure 4-6: Diagram represented statistic overall silicon dioxide composition SiO2% 
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4.2 Shaking table 

The result of the shaking table will be revealed by measurement of X-ray 
fluorescence. There are some notable according to the result of shaking table after 
has done the process, the iron oxide, alumina oxide, titanium oxide and other oxide 
are gradually decreasing after treatment. There are four conditions in this process 
which are considering on the inclination of the table ranges from 8 - 15 degrees, with 
the water’s flowrate = 0.22 l/s and stroke length = 10 mm. Therefore, the 12 degrees 
was illustrated highly removal of iron oxide 72.11%, which Fe2O3 reduced from 0.09 
to 0.025 Wt.% within yield percentage is 93.71% in concentrate as shown in Table 
4-3. When the inclination of deck angle increased to 15 degrees indicates that the 
iron oxide removal is decreased from 72.11% to 58.78% within high yield of 
percentage 97%. In short, by comparing the iron oxide removal percent shows that 
12 degrees are an optimized condition. To apply for either further experiment or 
industry. In this experiment was conducted with an optimized deck angle of 12 
degrees. The result found that the significantly reducing of iron oxide from 0.19 to 
0.095 Wt.% as the average value, which is represented the overall reduction was 

Al2O3 K2O Cr2O3 Fe2O3 ZrO2 MgO CaO TiO2 Other

Min 0.26 0.04 0.16 0.11 0.02 0.03 0.02 0.09 0.57

Max 4.58 0.29 0.56 0.29 0.19 0.33 0.4 0.53 2.25

Mean 2.48 0.17 0.26 0.18 0.05 0.13 0.13 0.2 1.1365
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Figure 4-7: Diagram showing statistic summarized of major oxides in silica sand KPS 
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shown in Figure 4-9. After finishing this process all concentrations (light fraction) will 
further used for raw material next process of Wet high internists magnetic separation 
(WHIMS) with a single maximum condition which capacity of instrument current 14 
Amp. 

Table 4-3: Shaking Table various condition of the experiment 
DECK 
ANGLE 

Fe2O3 FEED 
LIGHT 

FRACTION 
HEAVY 

FRACTION 
TOTAL 

LOSS 
% 

YIELD % Fe2O3 

 Wt. % gram  CONC. TAIL. WT.% 

80 0.09 1008 594 394 988 1.98 60.12 39.88 0.03 

100 0.09 1002 835 158 993 0.90 84.09 15.91 0.0311 

120 0.09 1002 923 62 985 1.70 93.71 6.29 0.0251 

150 0.09 1011 978 21 999 1.19 97.90 2.10 0.0371 

 

 

 

Figure 4-8: comparison of Iron oxide removal from Shaking Table 

0.09

0.0283 0.0311 0.0251
0.0371

0.00

0.05

0.10

Feed 8 10 12 15

W
t. 

%

Degree of Shaking Table Angle 

Effect of Inclination Angle 

Fe2O3



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 59 

 

Table 4-4: Result of Shaking Table Process with Deck angle 12 degrees  

Sample 
Weight 
Before 
Test 

SiO2 Fe2O3 Weight % SiO2 Fe2O3 Al2O3 TiO2 

No. (gram) Wt.% Wt.% Heavy Mid. Product Wt.% Wt.% Wt.%  

P30 4010.00 95.10 0.12 2.44 0.72 96.84 97.40 0.07 1.68 0.11 

P32 3950.00 91.10 0.28 2.86 0.92 96.22 93.40 0.15 1.71 0.15 

P34 3394.00 98.28 0.16 0.32 0.83 98.85 98.64 0.09 0.82 0.00 

P35 4756.00 97.80 0.12 1.34 0.96 97.70 99.30 0.07 0.59 0.10 

P37 3856.00 95.30 0.12 0.93 1.61 97.46 97.60 0.07 1.46 0.12 

P39 4560.00 91.80 0.23 1.91 1.24 96.85 94.10 0.13 2.21 0.15 

P40 4105.00 95.80 0.18 0.79 3.52 95.69 97.35 0.08 0.68 0.15 

P41 4731.00 96.70 0.14 0.98 0.71 98.31 99.00 0.08 0.26 0.09 

P42 4253.00 98.10 0.11 2.31 1.06 96.62 99.10 0.06 0.56 0.06 

P44 4215.00 94.70 0.15 1.78 0.31 97.90 97.00 0.08 1.21 0.13 

P45 3924.00 93.80 0.17 0.99 0.40 98.61 96.10 0.09 1.43 0.13 

P46 4639.00 94.87 0.26 1.95 0.96 97.09 96.87 0.13 0.76 0.10 

P48 4325.00 94.80 0.22 1.25 0.69 98.06 97.10 0.12 0.66 0.10 

P49 4218.00 91.50 0.25 1.33 0.55 98.12 93.80 0.14 2.29 0.17 

W5 4349.00 91.50 0.29 2.35 0.60 97.06 95.10 0.14 2.24 0.18 

W7 5366.00 92.30 0.23 1.81 0.60 97.60 95.45 0.11 2.81 0.22 

W11 4284.00 93.40 0.14 7.56 4.80 87.64 95.55 0.08 2.37 0.37 

W12 4358.00 94.80 0.14 0.60 5.09 94.31 96.75 0.07 1.46 0.14 
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W13 4538.00 96.00 0.13 2.78 1.06 96.17 97.35 0.07 0.97 0.12 

Mean - 94.61 0.18 1.91 1.40 96.69 96.68 0.10 1.38 0.14 

Median - 94.80 0.16 1.78 0.92 97.09 97.00 0.08 1.43 0.13 

Min - 91.10 0.11 0.32 0.31 87.64 93.40 0.06 0.26 0.00 

Max - 98.28 0.29 7.56 5.09 98.85 99.30 0.15 2.81 0.37 

 

From Figure 4-9 shows that the original sample was contained SiO2, Fe2O3, Al2O3, and 
TiO2 was 94.61%, 0.18%, 2.4%, and 0.15% respectively. Then after finished the 
shaking table process the SiO2, Fe2O3, Al2O3, and TiO2 was 96.68%, 0.10%, 1.38, and 
0.14% respectively, which mean that this process is possible to remove the heavy 
mineral by separate from heavy fraction part. Within yield percent 96.69% of 
production as shown in Figure 4-10. However, the target in this study Fe2O3 = 0.02%, 
so that second method will be requiring to remove the iron oxide sequence from 
this process. It possible to use WHIMS for further process.  

Figure 4-9: Reduction of Iron oxide in Shaking table 
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4.3 Wet high-intensity magnetic separation (WHIMS) 

In the second experiment was sequencing from Shaking Table test, due to the 
gravity separate still contained high grade of Fe2O3. There are some important factors 
in the influence of the magnetic field intensity which was a fix for 14 Amp. This 
magnetic field can be reduced the iron oxide by low water flowrate = 0.07 l/s.  

In Table 4-5 was shown that after repeated 6 times of operation, silica can be 
upgraded from 96 to 98.7 wt.%, whereas the iron oxide can be removed from 0.095 
to 0.057 wt.%, within the 98.9 % of yield on an average. 

Table 4-5: Result of the WHIMS experiment 
Weight After Wet Magnetic (Dry Sample) Weight % SiO2 Fe2O3 Al2 O3 

Sample ID Feed 
Mag 14 A. 

(gram) 
Non-Mag 
(gram) 

Mag. N.M Loss % Wt.% Wt.% Wt.% 

P30 3883.10 36.20 3841.90 0.93 98.94 0.13 98.70 0.036 0.75 

Figure 4-10: Yield percentage (%) in shaking table 
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P32 3800.50 53.14 3742.36 1.40 98.47 0.13 94.70 0.085 0.534 

P34 3355.00 23.00 3332.00 0.69 99.31 0.68 99.00 0.046 0.405 

P35 4646.70 36.50 4605.20 0.79 99.11 0.11 99.70 0.036 0.492 

P37 3758.06 42.30 3710.76 1.13 98.74 0.13 98.90 0.036 0.834 

P39 4416.53 26.54 4384.99 0.60 99.29 0.11 95.40 0.070 1.245 

P40 3928.10 25.00 3903.10 0.64 99.36 0.63 98.90 0.072 0.534 

P41 4651.12 45.50 4600.62 0.98 98.91 0.11 99.80 0.042 0.164 

P42 4109.45 24.90 4079.55 0.61 99.27 0.12 99.85 0.033 0.504 

P44 4126.64 45.70 4074.94 1.11 98.75 0.15 98.30 0.045 0.548 

P45 3869.65 35.40 3829.25 0.91 98.96 0.13 97.40 0.051 0.782 

P46 4504.20 11.00 4493.20 0.24 99.76 0.24 98.50 0.084 0.619 

P48 4240.99 74.10 4161.89 1.75 98.13 0.12 98.40 0.067 0.492 

P49 4138.90 64.50 4069.40 1.56 98.32 0.12 95.10 0.076 1.46 

W5 4221.00 118.00 4103.00 2.80 97.20 2.79 98.90 0.048 0.59 

W7 5237.00 84.60 5152.40 1.62 98.39 1.61 98.70 0.067 0.637 

W11 3754.30 20.00 3734.30 0.53 99.47 0.53 97.30 0.070 2.06 

W12 4110.00 17.00 4093.00 0.41 99.59 0.41 98.80 0.054 0.564 

W13 4364.00 44.00 4320.00 1.01 98.99 1.00 98.50 0.058 0.838 

Mean 4163.96 43.55 4117.47 1.04 98.89 0.49 98.15 0.057 0.740 

Median 4126.64 36.50 4079.55 0.93 98.96 0.13 98.70 0.054 0.590 

Min 3355.00 11.00 3332.00 0.24 97.20 0.11 94.70 0.033 0.164 

Max 5237.00 118.00 5152.40 2.80 99.76 2.79 99.85 0.085 2.060 
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Figure 4-12: Yield percentage (%) in WHIMS 

According to the laboratory scale use, which is the capacity of the instrument are 
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manual controls. Due to the production plan in this study, the SiO2 = 98.9Wt.% and 
the iron oxide Fe2O3 = 0.057Wt.% can fulfil the requirement of production B which is 
iron oxide lower than 0.08 Wt.% grade, yet due to another production A which 

Figure 4-11: Reduction of iron oxide by WHIMS 
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required the iron oxide lower or equal to 0.02Wt.% it means physicochemical treat 
will be conducted in this study. 

4.4 Reverse flotation  

The sample consists in this test was undertaken from a nonmagnetic fraction of 
WHIMS process. In this experiment was conducted with 3 samples was varied from 
600-1200g/t of collector AOA and NANZA consumption within 50% solids of the 
slurry, pH valued from 1 to 2 controlled by sulfuric acid H2SO4 = 600g/t within 20g/t 
of pine oil. The result was shown that after applied these collectors can be removed 
the bearing iron oxide reach the target of study shown in Figure 4-14. According to the 
previous test on the effect of collector dosage for flotation from Steung Hav was 
shown in Figure 4-13. According to result from Figure 4-13 illustrate that dosage 
collector 40ml more significantly removed iron oxide from silica sand more as the 
optimized conditions for this study, which decreases from 0.17 to 0.037 Wt.%. 
Therefore, the dosage of collector 1200g/t of concentrate was conducted in the 
whole experiment from WHIMS process. 

Figure 4-13: Effective by collector dosage 
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However, in this experiment lost percentage is higher than another test, which is 2.07 
% during flotation could be caused by stirring of agitator and cleaning sample after 
the process. 

Table 4-6: Reverse flotation with collector 1200g/t. converted as a weight percentage 

Sample Reverse Flotation (Weight percentage Wt.%) 
 

No. Feed pH AOA NANZA Concentrate Loss % SiO2 Fe2O3 Al2O3 

P30 100.0 2.0 0.57 4.73 93.47 1.23 99.20 0.015 0.15 

P32 100.0 2.0 0.63 8.00 91.13 0.24 98.70 0.021 0.11 

P34 100.0 2.0 0.52 1.38 94.36 3.74 99.20 0.017 0.08 

P35 100.0 2.0 1.27 3.52 94.13 1.08 99.80 0.011 0.10 

P37 100.0 2.0 0.90 2.79 94.93 1.39 99.40 0.018 0.17 

P39 100.0 2.0 1.05 5.84 91.87 1.24 98.90 0.028 0.25 

P40 100.0 2.0 0.93 3.74 91.59 3.74 99.10 0.024 0.11 

P41 100.0 2.0 1.15 8.96 88.45 1.44 99.90 0.021 0.03 

P42 100.0 2.0 1.02 6.35 91.76 0.87 99.94 0.012 0.10 

P44 100.0 2.0 0.95 8.37 89.52 1.15 98.80 0.015 0.11 

P45 100.0 2.0 0.81 4.25 94.10 0.84 99.40 0.023 0.16 

P46 100.0 2.0 0.94 16.65 78.25 4.16 98.70 0.023 0.12 

P48 100.0 2.0 1.91 4.08 93.15 0.86 99.30 0.027 0.10 

P49 100.0 2.0 1.33 2.43 95.49 0.75 98.10 0.023 0.29 

W5 100.0 2.0 2.14 0.75 93.29 3.83 99.00 0.027 0.12 

W7 100.0 2.0 1.34 0.82 94.01 3.83 99.40 0.017 0.13 
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W11 100.0 2.0 11.59 1.86 83.21 3.34 99.10 0.023 0.41 

W12 100.0 2.0 0.46 0.58 97.06 1.91 98.90 0.020 0.11 

W13 100.0 2.0 1.00 3.13 92.08 3.79 98.80 0.028 0.17 

Mean 1.61 4.64 91.68 2.07 99.14 0.021 0.15 

Median 1.00 3.74 93.15 1.39 99.10 0.021 0.03 

Min 0.46 0.58 78.25 0.24 98.10 0.011 0.41 

Max 11.59 16.65 97.06 4.16 99.94 0.028 0.12 

 

From Figure 4-14 presents the significant reduction of iron oxide to met the 
commercial specification target from 0.057 to 0.021%, within high yield percent 
91.68%. However, this method nothing to do with the plant design, because in this 
study attempts to remove the iron oxide from the third layer to meet the target of 
production A.  

Figure 4-14: Reduction of iron oxide by flotation 
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Figure 4-15: Yield percentage (%) in Reverse flotation 
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from 2.5 to 1.38 Wt.%, and TiO2 reduced from 0.19 to 0.14 wt.%, on an average value 
including, silicon dioxide (SiO2) was added more value from 94.69 to 96.68 Wt.%, 
which is a noticeable process to meet the target SiO2 greater than 99 Wt.%. In 
addition, from shaking table stage to WHIMS also illustrated the significantly reducing 
of iron oxide from Fe2O3 = 0.095 to 0.057 Wt.%, Al2O3 reduced from 1.38 to 
0.74Wt.%, and TiO2 reduced from 0.14 to 0.109 wt.%, and SiO2 added more value 
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Finally, the significantly reducing of iron oxide from WHIMS to reverse flotation 
was met the requirement of pure silica sand grade, which removed from Fe2O3 = 
0.057 to 0.021 Wt.% showed in Figure 4-14. In a diagram of removed Alumina oxide 
since received stage until the final stage process, which significantly reducing from 
Al2O3 = 0.74 to 0.15 Wt.%, TiO2 from 0.109 to 0.055 wt.%, and SiO2 upgraded from 
98.15 to 99.14 wt.%.   

Figure 4-16: Diagram showing the overall reduction of iron oxide in each method 

Figure 4-17: Diagram showing the overall upgrading of silicon oxide by a mean value 
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Figure 4-19: Diagram showing the Reduction of Aluminum Oxide by a mean value 
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4.6 Washing plant design  

After finishing the experiment from the laboratory, further carry out those 
conditions and the result from those to design as the real washing plant as shown in 
Figure 4-20. Silica sand feeds to the hopper by wheel loader, the further fed into 
trommel (841µm) by reciprocating feeder with the rate of 100 ton per hour, the 
particle size greater than 841µm will reject. Where the under-size material is 
conveyed to the second trommel (30 mesh) fraction, which is oversize will reject 
once again, and undersize further conveyed to attrition scrubber and tank classifier 
by pumping machine and hydro-cyclone for separate clay and organic matter 
overflow on the top of a plant. Where the underflow fraction fed to the first 
arranged of spiral concentrator (4x4) unit for a separate heavy fraction from silica 
sand. The light fraction from the first stage further feeds to the second stage of the 
spiral by a slurry pump and hydro-cyclone to control the % solids of a slurry. Finally, 
the product from second spiral concentrate fed to hydro-cyclone by a slurry pump 
for dewatering in stockpile which is defined as silica sand product A and B as shown 
in Figure 4-20.  

From Figure 4-21: indicated the method for a process the high-grade silica sand 
which is using reverse flotation to enhance the quality of SiO2 from very low grade. 
However, when applying for the real scale of industrial plant it will replace 
concentrator spiral from shaking table, and wet screening by trommel and reverse 
flotation might be not suitable for real industry. Therefore, the attrition scrubber will 
substitute the flotation cell by cleaning the surface of silica sand before feed into 
spiral and WHIMS.  

At this deposit in the first and second layer gave a good quality silica sand raw 
material, then the method of processing quite easily which is used only a few stages 
of a process such as a trommel screening, attrition scrubbing following by tank 
classifier. The third layer deposit which composed high content iron oxide and a high 
clay mineral, then the main processing technique should be applied as following the 
Figure 4-20.  
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- The attrition scrubber and tank classifier for removing grain coating of sand, it 
would be ferruginous clay and organic matter by combined of collusion and 
the difference settling rate of particles.  

- Double spiral concentrator for removing heavy mineral by combining the 
effect of centrifugal forces, the difference settling rate of particles and the 
effect of interstitial trickling through the flowing particles bed.  

- Wet high-intensity magnetic separator for removing high impurity iron oxides 
such as mica, biotite, tourmaline, ilmenite and another heavy mineral, etc. by 
an effect of the different magnetic property. 

Tailing
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#30
50t/h

Re-feed
45t/h

20t/h

70% solid
scrubbing

20t/h

0.5t/h 
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Figure 4-20: Washing silica sand plant arrangement 
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Figure 4-21: Flowsheet of processing silica sand in laboratory 
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4.7 Financial evaluation  

The financial analysis for long-term investment involves the discount cash flow 
DCF analysis. It provided the critical for net present value NPV at the discount rate of 
13 % [29], and the internal rate of return IRR. For all investment projects, there are 
some essential parameters for considering them to be feasibility are DCF, IRR, and 
NPV. In DCF calculation is considering about cash inflow and cash outflow, IRR also 
used for comparing with the interest rate of the project, and NPV is the validated 
value of the project. 

4.7.1 Discounted cash flow calculation (DCF)  

There were many stages to determine the discounted cash flow, whereas in this 
stage there are some parameters input to calculating such as capital cost (CAPEX), 
operation cost (OPEX), depreciation cost, tax rate, and royalty rate sale cost. In this 
case was operating within two products of grade sands A and B, which contained 
Fe2O3 difference A lower than 0.08 Wt.% and B is lower or equal to 0.02 Wt.% as 
shown in  

Table 1-4. The product A will be produced 50,000 ton/year every year, and 
product B 200,000 ton per year for first year, 500,000 ton per year at second year, 
and 950,000 ton per year from third to tenth years. The tax rate of profitable 20 %, 
within the royalty 14 baht per ton, whereas discount rate 13%.  

Table 4-7: Capital Expenditure 

Investment Unit Baht/unit Value Year 

Land 1 
108,500,000 108,500,000 12 

License 1 

Machinery/ Plant/ construction/ 
Installation 

1 93,000,000 * 93,000,000 * 10 

Wheel loaders 2 2,170,000 4,340,000 10 
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Total 205,840,000.00 

Remark * is referred to the appendices Table 5-1: List of equipment and plant 
installation  

Table 4-8: Cost of the Operation input 

Items Baht/ton 

Raw material + Mining (subcontractor)  303.00 

Transportation to Thailand per ton 200.00 

Other additional expense 100.00 

Operation cost 100.00 

Total Cost 703 

 

In this study was spent on capital cost (CAPEX) or initial investment cost 
approximately 225,154,162 baths, which converted into 6,839,537.25 dollars of USA. 
Whereas the cost of operation (OPEX) was 1,233,750,000 baht from year 1 to year 
2,115,000,000 baht from year 4 to year 6, and 2,820,000,000 baht from year 7 to year 
10, and the total 6,190,430,400 baht. Table 4-9 was indicated the total operation 
included labour cost and all expensed, also the labour increasing rate of 10% per 
year. In addition, this report also considers the welfare and management assumed it 
20% of the investment, which is including CSR terms to the social surrounding the 
washing plant.  

Table 4-9: Total operation cost (Baht unit) 

Year - 1 to 3 4 to 6 7 to10 

Processing Coast  1,233,750,000 2,115,000,000 2,820,000,000 

Labor cost increase 
10%/year 

7,476,000 24,670,800 31,399,200 52,332,000 
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Welfare and 
management 20%  4,934,160 6,279,840 10,466,400 

Total Operation 
Expense  1,238,684,160 2,121,279,840 2,830,466,400 

 

4.7.2 Net present value (NPV) and WACC  

To determine NPV sum of DCF annually cash flow and present value. In this case, 
if NPV value is positive, it would be considering to further process of feasibility 
process report, and if its value negative meant this project will be rejected, non-
feasibility report. Based on the excel calculation NPV is 754,615,135.13 baht which is 
approximately 24,342,423.71 US dollars. So that, this project considers financially 
feasibility to requesting an exploitation license from MMIE of Cambodia showed in 
Table 4-10. 

Table 4-10: The calculation of NPV value in baht currency  

Year - 1 to 3 4 to 6 7 to 10 

Product A (ton)  150,000 150,000 200,000 

Product B (ton)  1,600,000 2,850,000 3,800,00 

Total  1,750,000 3,000,000 4,000,000 

Sale Product A 1,500.00 225,000,000 225,000,000 300,000,000 

Sale Product B 1,000.00 1,600,000,000 2,850,000,000 3,800,000,000 

Gross Revenue  1,825,000,000 3,075,000,000 4,100,000,000 

Royalties 14.00 24,500,000.00 42,000,000 56,000,000 

Marketing 
Expanse 1%  18,250,000.00 30,750,000 41,000,000 
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Sale Expanse  42,750,000.00 72,750,000 97,000,000 

Net Revenue  1,782,250,000 3,002,250,000 4,003,000,000 

Depreciation  34,128,248.60 33,694,248.60 44,925,664.80 

Operation 
Expense  1,238,684,160 2,121,279,840 2,830,466,400 

Income before 
Tax  509,437,591.40 847,275,911.4 1,127,607,935.2 

Tax 20% 0.20 101,887,518.28 169,455,182.28 225,521,587.04 

Income after Tax  407,550,073.12 677,820,729.12 902,086,348.16 

Cash Flow (205,840,000) 441,678,321.72 711,514,977.72 947,012,012.96 

NPV@13 THB                                    754,615,135.13  

Figure 4-22: NPV and cumulative cash flow 
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From Figure 4-22 was illustrated the total capital is (205,840,000) baht invested in the 
year zero, and the gross revenue is rising at year 1, due to the price of operation 
quite lower than the capital, it means this project can be recovered the investment 
cost in short period of time.  

In either mining or processing, there were two types of capital budget. The first 
budget was borrowed from the bank and another budget will get from the owner of 
the project or shareholder. However, this study was assumed that 30 percent fund 
from the bank and 70 percent from a shareholder. In Cambodia WAAC on 
construction material was stated by WACC Export range from 11.22% to 17.13%, 
which is the weight of debt 21%, corporate tax 20%, cost of debt 7.32%, annual 
inflation rate 2.9%, country risk premium 4.8%, risk free rate 2.52%, and market 
premium 6.63%, So the value of WACC is 13.64%.  

4.7.3 Internal rate of return (IRR), modified rate of return (MIRR), and DPP 

The internal rate of return (IRR) was the rate which is measuring the return 
generated by an assuming that the reinvestment rate of cash flows. IRR is the rate 
which made the NPV value equal to zero, it is very essential for investment, and 
used for identifying the discounted payback period of the project, or when the 
project can get the profit. However, if IRR equalled to discount rate or WACC, the net 
present value equalled to zero which meant this project will not get any profit. In 
this project NPV was 733,918,999.72 baht, IRR was 69.64% and MIRR was 33.47%. In 
Figure 4-23 was illustrated the relationship between Net present value and a 
discount rate of the project, which is more affected by increasing the value of 
discount rate. When the discount rate rising then the net present value is gradually 
decreasing as shown in Figure 4-23.  

However, the NPV and IRR methods may give the confliction results in case of 
mutually exclusive projects. Therefore, the MIRR was concerned in this project, which 
is changing the assumed rate of reinvestment growth from stage to stage in the 
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project, also the most common method to input the average estimated cost of 
capital. In additional, MIRR is designed to generate one solution to rid of the issue 
multiple IRR. Moreover, the payback period also conducted to determine how long 
the project to recovery back its initial investment, which is the number of years to 
recover initial costs. In this project payback period (PP) was 2 years whereas Discount 
Payback Period (DPB) = 1.42 to recovery initial cost back. In Figure 4-24: shows that 
the value of IRR gives an overly optimistic picture of the potential of the project, 
while the MIRR value gives a more realistic evaluation of the project.  

Figure 4-23: Diagram shows the relationship between NPV and IRR 

Figure 4-24: Initial rate of return and modified rate of return  
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CHAPTER 5  
CONCLUSION AND RECOMMENDATION 

5.1 Conclusion 

Based on the result in this difference laboratory scale experiments in this thesis 
was conducted with 3 mains objectives upgrading silica sand, unit operation, and 
economic analysis. In term of beneficiation of sands which is characterize the raw 
sample was following by SiO2 = 94.6 Wt.%, and Fe2O3 = 0.18 Wt.% which is 
represented all phases of raw silica sands. Whereas the particle size distribution D50 = 
210 µm from the representative sample.  Therefore, the laboratory scale shaking 
table has been used for enriching the value of SiO2 from Steung Hav district, 
Sihanoukville province. The experiment was conducted with a wet sieve and hand 
washing before investigated the effected of an inclination deck angle, which is varied 
from 80 to 15o. The result was shown that 12o condition can be removed iron oxide 
more than other condition, which is removal efficiency   = 72% within yield 
percentage = 96.9% was set as a fixed condition for further test. Moreover, Wet high-
intensity magnetic separator process was conducted following from shaking table to 
eliminate the iron oxide which is using the maximum condition 14-15 Amps. The 
obtained non-magnetic fraction still contained higher Iron oxide and silicon dioxide 
did not meet the specification, which is SiO2 = 98.15Wt.% and Fe2O3 = 0.057Wt.% 
within yield percentage = 98.89%. To reach the target of the specification, the 
physicochemical process was conducted by using reverse flotation including 
collector AOA + NANZA = 1,200g/t, modifier H2SO4 = 600g/t to control the pH =1-2, 
and pine oil to prevent the bubble during the experiment, which is upgrading the 
silicon dioxide from 98.15 to 99.1 Wt.% whereas the iron oxide reduced from 0.057 
to 0.023 Wt. % within yield percent = 91.67%, and iron oxide removal percent   = 
87%, as the average value.  

In this study was required two wheel loader capacity is 115 ton per hour for 
feeding operation. Therefore, in washing plant was required a hopper 100t/h, a belt 
feeder 100t/h, three pumping 20t/h per unit, four spiral concentrator (4x4 spirals) 
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20t/h per unit, a tank classifier 40t/h, four hydrocyclones 20t/h, three trommels 
50t/h, and a magnetic separator 0.5t/h to operate for upgrading silica sand.  

On another hand, the financial analysis in this study including the initial 
investment CAPEX was 205,840,000 baht. The raw material price is 303 baht per ton, 
including subcontractor price of mining excavate, the transportation to Thailand price 
was 200 per ton, the operation cost 100 per ton, and the total processing cost is 703 
baht per ton. Whereas the OPEX was 6,190,430,400 baht, the net revenue was 
8,787,500,000 baht, the depreciation cost was 112,748,162 baht the income before 
tax 20% was 2,484,321,438 baht, and income after tax was 1,987,457,150 baht within 
10 years of operation. Therefore, the Net present value was 754,615,135.13 baht 
approximately 24,342,423.71 dollars, including WACC rate was 13.64%, IRR was 
69.64%, and MIRR was 33.47%. Which is can be recovered back from initial 
investment within 1.44 years.  

5.2 Recommendation  

There some recommendations for either further study  

- The site investigation in term of geological sub modelling, to evaluate more 
specified data of sands which deeply beneath, and more accurate on mineral 
identification.  

- The physical method by gravitational process rather use concentration spiral 
instrument, which is higher capacity than shaking table, and another hand can 
be the low cost of operation. Shaking could subject for precious metal 
recoveries such as gold, copper, and other metals.  

- Reverse flotation used another collector to compare with AOA and NANZA 
such as Aero-801 and Aero-825 reagents to figure out the optimized cost of 
operation. 
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Expenditure Operation cost 

Table 5-1: List of equipment and plant installation 
No List  Size (mm) Power Working  Unit  Price (baht)/unit Value (baht) 

1 Hopper  4000x4000x2500 
 

100 1 300000 300000 

2 Belt feeder 4000x600 7.5Kw 100 1 140000 140000 

3 Belt conveyor  18000x600 7.5Kw 30 7 360000 2520000 

4 Trommel #20 7.5 KW 50 3 587400 1762200 

5 Hydro-cyclone Ø375 
 

20 6 190000 1140000 

6 Spiral Concentrator 4x4 Spirals 
 

20 4 800000 3200000 

7 Pumping 8-inch x 6 inch 24Kw 300m3 3 140000 420000 

8 Magnetic Separator 2000x1000 5KW 0.5 1 915000 915000 

9 Attrition scrubber  
   

1 310000 310000 

10 Tank classifier  Ø2500x7000 
  

3 467400 1402200 

11 Other  
      

 

Installation and construction   THB           23,250,000.00  

Total  THB           35,359,400.00  

Road Construction  THB           57,640,600.00  

Total consumption   THB           93,000,000.00  
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Table 5-2: Employment expend 
LABOR COST UNIT BAHT/UNIT TOTAL PER YEAR 

PLANT MANGER 1 50,000.00 50,000.00 600,000.00 

ENGINEER 2 30,000.00 60,000.00 720,000.00 

ACCOUNTANT 1 16,000.00 16,000.00 192,000.00 

SALE MANAGER 1 20,000.00 20,000.00 240,000.00 

MARKETING MANAGER 1 20,000.00 20,000.00 240,000.00 

FOREMAN 2 16,000.00 32,000.00 384,000.00 

WORKER 15 9,000.00 135,000.00 1,620,000.00 

SECURITY 1 9,000.00 9,000.00 108,000.00 

HOUSEKEEPER 1 9,000.00 9,000.00 108,000.00 

MINE MANAGER 1 30,000.00 30,000.00 360,000.00 

SURVEYOR 1 20,000.00 20,000.00 240,000.00 

MECHANIC 1 20,000.00 20,000.00 240,000.00 

TRUCK DRIVER 6 15,000.00 90,000.00 1,080,000.00 

EXCAVATOR DRIVER/WHEELER 
LOADER DRIVER 

5 17,000.00 85,000.00 1,020,000.00 

FUEL/WATER OPERATOR 3 9,000.00 27,000.00 324,000.00 

TOTAL 
  

623,000.00 7,476,000.00 
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