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The object of this study is to conduct the prefeasibility study of solar grade silicon
feedstock from Takopidtong mine, quartz deposit in Karnchanaburi province, Thailand. In
order to formulate suitable plan in technical by geology, the data were analyzed as

financial aspects and economic benefit.

In term of geology, the quartz mine have been surveyed, and the quartz samples
were collected for geological analysis using X-ray fluorescence (XRF). The data showed
the average content of SiO, is 99.550%. The quartz in this deposit has enough purity to

be produced as solar grade silicon.

In the financial study, this study was considered as two routes of manufacturing
solar grade silicon. The first was used ECO-X method, and the second was produced from

metallurgical silicon.

The duration of these projects would be 25 years. For the first route, the results
indicated that NPV = 221,108.33 million THB, IRR = 85% and the payback period would
be 1 year and 3 months. For the second route, NPV and IRR would be 143,162.34 million
THB and 46%. The payback period would be 2 years and 2 month. Referring to the

financial study, this project is feasible.
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Quartz fine sand process flow
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917 2. 3 FrateduRauNIg aRIUIA uazLFNLIAvBRTNauTaiinddunaunge

TNk (http://www.xinhaimining.com)
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ngefneadNen Tnsusacand daulll (Charcoal) uazd uldin (Petroleum coke) azgn
anansiingimnansalwiln (Electric Arc Furnace) ANudPEUTIINZ A Lmzﬁqmmqﬁ
AEUUNLIITHNN 1,800 BIANLTALTEA Tneseunszusilntinudadidininan (Electrode) 7
Fhawieaniuen il wazdnulAnfiduumasan e (C) azvnUnseniuusatend iy
aNTLAU (O,) ﬁﬂi:ﬂ@umﬂuuémmﬁmm aulEiudaman (Si) naanLnan Funauil
Fundn Carbothermic reduction Fagili 2.4 ‘Emﬂﬁﬁ?mﬁLﬁmiyuiumwmmm ANEEE

aung (1) - (4) Lngﬂ‘ﬁ 2.4 (Carrissa Smith, 2012)
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RAW MATERIAL
CONSUMABLE
C SO ELECTRODES CLEANED GAS

FILTER

SILICA

SILICON

g‘]ﬁl 2. 4 NMINTINUBRINTLUIUNNT Carbothermic reduction

31 : (Anders Schei et al., 1998)

wnusfingarueuneunenlas (CO) Aredanaunauuanls (Si0,) MinTuanlfisen
N8 aznndiisendueendiaunislwmienialwiiisiluafuaulaeenlss (CO,)

wax Silica fume 9198 Micro silica (SiO,) mNaAL Auanslugaunig (5) — (6)

Si0, + 2C = Si + 2CO (1)
Si0, + 2C = SiO + CO 2)
SiO + 2C = SiC + CO (3)
SIC + Si0, = Si + SiO + CO (4)
2CO+ 0, = 2CO, (5)
2Si0+ 0, = 2Si0, (6)
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submerged electrode
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quartzite, coal,
coke, wood chips

CO, Si0, H,0

) Si0+CO —
condense SiO Si0, +C

........ 1600 °C" ST e
form SiC SiC +CO

from SiO and C :
melt Si0, §i0, EE)T co

1780 °C N
$iC + Si0, — Si + $i0 +CO

liquid sili
1 stiieon discharge of MGSC—)

717 2. 5 UpRsensnsganeulummaena sa iy

PN (Carrissa Smith, 2012)

317 2. 6 Metallurgical Grade Silicon

N (https://en.wikipedia.org/wiki/Silicon#/media/File:Polycrystalline_silicon_rod.jpg)
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2.3.2.1 Aan1elananemassen (Pyrometallurgical process)

N 4 & dl A a
nezuaunIn e lavananausalilunszuaun1n 4 lun19nam Solar grade

silicon NNAYINLIFGNE 99.999% - 99.9999% (5N — 6N Silicon)

TaeRanelauanaiautauinlaniiulnanafsuslngsnidanaziaaus1an wly
ug// . - A Qg; QI dy ¥ aa o yaa
dumaLBIN"7 Silicon Refining Aedunaunisuendsdutlenlfieanaindamewnilidanen
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pnatinaianialavangmanssaunyinlanldiu (Safarian et al., 2012)

- Directional solidification
- Slag refining

- Acid leaching

- Vacuum refining

- Plasma refining

- Solvent refining
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c Sio,

! !

Submerged Arc Furnace

l MG-Si

Silicon refining

A\ 4

(B, P, ...removal)

l HQ-Si

Directional Solidification

l

SoG-Si

Top-Cut

917 2. 7 uunminasunisuantanewnsa e LIas (SoG-Si) anmAraading 1435

Directional solidification

A" :(Safarian et al., 2012)

o 1 aal a 9 a o [ % I
pinagi193 N9 lanInanANEaLnnIasasil lulsein ﬁTV]EI

n19lEnsudesaasinalfiAN1g Directional solidification $ANAUNFIEALANBLANATAU
(Electron beam) uazwanaun (Plasma) Aagiln 2.8 taenfumalulaginizimlaans Suiwast
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A UseenelElun1su@n Solar grade silicon Tuilszinalne (Arad1vrazuanléilull
2562)
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Vapour
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Silicongsg
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. s1licon scra
2* Directional 3 .

Solar grade silicon

917 2. 8 nszununisnlavdnananuBeun i 9iAnie Directional solidification $auiuNNg
THanuasBianmsaus (Electron beam) WasWaNdN (Plasma) Tun1sWan Solar grade silicon

1 : (5998 AuynA, 2558)

2.3.2.2 38714AN (Chemical processing)
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“Siemens Process” (Tunauiluananilianiiluietas 98 1091 5u1udngALTIUNAT

Yaudingnaszuaunis)

9/

NTTUAUNNTTLNUE (Siemen process) FlunsyuaunnsmaAR RN Twienan
Famaunsaatannsaiing (Electronic grade silicon %38 Semiconductor grade silicon) it
ﬂﬁﬂﬂﬂ?@%é@]ﬂaﬂ 99.9999999% - 99.999999999% Si (9N — 11N Silicon) wazLilu
ﬂ?zuqumiﬁﬁQT@ﬂﬁﬂmﬁmﬂmummam Electronic grade silicon ia g Semiconductor
grade silicon AnLiluemnsndautszusenas 87 ga93urun1sudnalan (IHS
Technology 2014) InglLAnTaAeY LL@:NEmﬁmsﬁaﬁfauﬁﬁmmu?zgm%r{i@ﬂnqu 9N Si azgn

Amenilu Solar grade silicon wailuingAulunisudnaaduaseniintsia il

HOHNC o Chemical
Quartz urnace applications
Si Metallurgical grade sdncon
HSiCl,Trichlorosilane |

Fluidized
FBR | bed reaction

HSICly

HCL-—"—» Semiconductor grade

Anhydrous 1
hydrogen HSICl3 Semiconductor trichlorosilane
chloride >
H, Hydrogen
D Chemical vapor
e pose. oo O deposition
— i
CcVvD
. Recovery
HoSICl, €1 orocess
Semiconductor 2 si-
grade Semiconductor |
HSICly grade silicon © - v
Semiconductor
grade Vent L-@—] Feed A
Energy source
H,
Uquid HSICLy 4 Hy —— Si+3HCI
hydrogen , =
| Semiconductor |
Grade silicon

1 4 1 LB 1
7U7 2. 9 dumeunainANNLEgNE UTAReulneTEN AR tnevialy

N http://www.hscpoly.com/content/hsc_prod/manufacturing_overview.aspx
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#anNN17.a9AuIad Siemens process

Siemens process éuﬂﬂﬂﬂﬁiﬁﬂ Metallurgical grade silicon 81HUNTZLAUNTLA
daeliiiung wia ¥ Anlalnsiaunaelesliiiinfuesflszney (Anhydrous Hydrogen
Chloride, HCI) 1114 Metallurgical grade silicon ﬂ@’mLﬂuimﬁﬂfuaqﬁﬂﬁu?zgw%r‘ﬁmﬂmi
ﬂztllvuz\‘i’lﬁ‘i_lzﬁ'fm (Fractional distillations) L@ +i"11uAm Electronic grade silicon ez Solar
grade silicon Iagnnsas1aledanandaglassiveail (Chemical vapour deposition, CVD)

Turzasdjnsndmunus (Siemens reactor) (5398 fuAA, 2558) Aagii 2.9

8n19ANAY (New alternative chemical routes in the world)

- Wacker Chemie AG
- Tokuyama Corporation
- REC Group — REC silicon

- Chisso Corporation — Chisso solar grade silicon (CSS)

!
dllﬁ/aa a

TaenaIan NN LATAABUANNLTNEINaANTLYRAINITNHARTARLAIDI Rt LAAzLTIW

[ E4 4 1
nsidameun liugdunaunimn Wafer aulilgdunanunisudaiuaadiasoniing fegiUy
2.10

an ‘ - = - uﬁt
S 0 Y = -
Solargrade Melting Cutting/ Squared Wire Cleaning Wafer
polysilicon Czochralski pulling squaring ingot sawing
1‘— Wings, top and tail recycling/etching —, Slurr_':v
recycling
tﬂl 3 o 1 :/J a | 6 a Le
qﬁl‘ﬂ‘ﬂ 2. 10 1UmRBUN1INT Wafer @uiﬂ@mum@umm@mLﬂwfmml,mmwm
ﬁN’] . (http://www.norsuncorp.no/en/Topmenu/TechnologyAndinnovation/PRODUCTION%20PROCESS.aspx)
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CHEMICAL ROUTES METALLURGICAL ROUTES
Quartz Quartz
Carbothermic reduction Carbothermic reduction
l Metallurgical grade l Metallurgical grade
Chemical purification Metallurgical purification
l Polysilicon l Solar grade silicon
(Upgraded metallurgical
Wafer production Wafer production
Mono-crystalline silicon Mono-crystalline silicon
l wafer l wafer
Production of solar cell Production of solar cell
Crystalline silicon solar Crystalline silicon solar

UN 2. 11 UEBANUAAINTELAUNNITALITINTBINTTHARTAR AR TR

P (B.S. Xakalashe and M. Tangstad, 2011)
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2.5 NMSNARTARAULNSATAALEIR ARSI TIazsi M sAnEwaziUT v Tiauluaudas
251  NINARTAADUINTALIAALANEINIALIANNNTZLIUNNG ECO-X
NT2U2UN19 ECO-X (the Electro-Chemical Oxygen Extrusion process) b1l

N9LUAUNTLENT AR LB aNE AU AranTE e AT (Electrolysis) Tnaildansazany

q

wAaLEanAaales (CaCl) Namund 900 “C NWmUIAIN FFC process (the Fray, Farthing

and Chen (FFC) Cambridge Process) tnefififisanaiind Ay lunisuandaneusqns

99.9999% AMNUIAIBRAT (mm@mmummﬁuﬂjm WAZNNFINBILS, NUANNUS 2554 ) Aa

SiO, + 2Ca --> Si + 2Ca”" + 207

2.6 NUNNVINMsANEN
1 ' s a o o = :// 1 dl a dl
wiasuiAand nintanes Aandns1ys seag luuaun)NUssnALEINIULELN
N9 WIATIEIU 1:50,000 RIALGAT L7017 32979 4836 Il mdesnzintanasagnieiia
pedunnindgisuanlng-wain agrisainngamny Usenins 208 Alawens Muanmunig
Tnssnauslszunn 2 49Tus Tneldduntanasinen Dedaudnsapuandinouumnans
1 [ = o dqj X v 1 = rdal
UNNLLAY 3087 HIUAILNEADNLN KATAUNBAIUNG DILNUYLARELALIITIN ATNOUUNAN
1 L7 4 U a < A ! a |ai
uunyantitiunsinaretszunn 20 Alawns azdaniecwinyintanes agnaanga

600-700 tATAINTEALUINELA TAq1UNNTANUIANARUTINAZAINALIE DUBAIALNN

A v A = a dl | o
NEARLLNDAUANDALAUNTINLUNRDLNES 2 ﬂI@LNW]?VILﬂuVI’N@jﬂN
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2.7 AEmsiuiiausaiand wazalnsanld

v 1

Tunevinmieusaandlulaqiiu Heg 2 FsAeinisanzsvidn uazianznszunn ay

U

1
¥

1538 1Az AU AUANIN LAZANHULAAILT IAALENANNNIININRBILT TNl lEaNn

kYl

a A o 1 1 A dl A o
N1992dAvTalANZNIUNNNININITLENLT Tae ldiATasiaanainn (Jaw Crusher) #1a3a1n

LK) ¥ - o . o Y @ = v
anauAlETNNELATRIARIUNA (Screening) waztinNanTwna lidnasanTaald Cone

Crusher AMNAIINABINTG Iﬂﬂ@%ﬁﬂﬂ]u’]@Lﬁ‘ﬂfﬂﬂ’]ﬁ‘ﬂﬁﬂ@$@®1ﬁ‘ﬂﬂ‘1’7‘lﬂi‘$3\1’1m 3-10

u

a A le :/J o A 1 1 dy 4 o all
AR Wallszannd 3 19 Taadumauni1InIuney Lazisisusilassiu Agn 2.13

a

Run Of Mine

PUNALTANRRT < 30”

\4

YUNAUTAIRFT = 57

A

Jaw Crusher

5" SAUNALTANART < 30”7

Screening —

v

Cone Crusher uNALIARRgLUITNL 37

Qi :/I 3 A ' 1 dy ¥
gﬂ‘V] 2. 14 AURDUNNITNIUNNDY LAZANLTLLDIAY

(MN1: ANNNTANTEN)



2.7.1 qunsoinld

Jaw Crusher ﬁqﬂq?@mﬂluqﬂﬂﬂﬁﬂqﬁ‘?zLﬁﬂ ﬂuqﬂLLﬁl‘ﬂ’J@ﬂsﬁ‘ 2 5”
Cone Crusher l@u3u1na 3”

Vibrating screening ARUUNALLT

© Eccentric Shaft

@ Balance Plate

© Fly Wheel

© Toggle

© Cheek Plate

© Movable Jaw Plate
@ Crusher Frame

O Fixed Jaw Plate
© Fixed Jaw plate Shim
@ Retraction Spring
@® Toggle Plate

® Toggle Seat

® Adjusting Wedge
® Groove Block

gﬂﬁ 2. 15 ansnee Jaw Crusher

P (http://www.greatwallcrushers.com)

Po0%

gU7 2. 16 Anmouz Cone Crusher

N (http://maruticrusher.com)
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9171 2. 17 dnwnse Vibrating Screen

N :(http://www.diytrade.com)

2.8 WUIAA WASVOHINNATEHAERTITaIAUlNNNISE
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2.8.1 szaziaanAunu (Payback Period)
FLUTIIANAUNUUNILTY T2ETIIANTBINITAINUNNITUA RUAAFUANTAIN
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%
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P
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o

o ° a any o = = a5 v Iy
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annsnneunwinedselamilufanisau siell
gRINITATUI

ILHLNANAUNUY = Ruanditsasugnienunlazmnis — nezuaduaniugns Uazas

TFeer) auRNAamugns EnlAsINIIWin AU Aue

Al lun9agyuiEaLen
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(http://www.stou.ac.th/stouonline/lom/data/sec/Lom14/04-01-02.html)
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FIN379% 2. 2 WARINITLARuAnFugNBreslasan1susiazl]

7 NITUARUAATLANT (LUN)
1 100,000
2 130,000
3 250,000
4 200,000
5 140,000

v
o o

NUU

7rgriaan = 600,000 = ((100,000 + 130,000 + 250,000 + 120,000 + 200,000) + 5)

=361

4 & A = o = = A o
LN@@\‘WAUIV’]?\?ﬂq?uqzﬂuwusl,u?tﬂgm@’] 36 1 LL@zﬂWIﬂ?\‘]ﬂW?N@’]ﬂqﬂu NTALUIATNNTH

TinaszTamdsaanuansll fasuazlnale

o 1 A vy
FIREINN 2 :m?:mmmﬂunuimﬂmm@mmmm\i 2.2

(http://www.stou.ac.th/stouonline/lom/data/sec/Lom14/04-01-02.html)

F1979% 2. 3 uansAnldane nadsslamivazuadssTamigriaadiaenig

fl ﬁﬂ%@'ﬁﬂuﬂ’m‘mnuﬁ;m usn | Anldanelunng | wadeclamd AR
ALY navselamigns
1 100,000 - - -100,000
2 - 15,000 60,000 45,000
3 - 20,000 90,000 70,000
4 - 30,000 80,000 50,000
79U 100,000 55,000 230,000 230,000
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2.8.2 adamﬂ'@'ﬂﬂ'quﬁ (Net Present Value: NPV)
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