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YACHANAPHA YANACHAWAKUL : STUDY AND DESIGN OF

COMMERCIAL PRODUCTION OF COPPER RECOVERY PROCESS FROM

ELECTRONICS INDUSTRY WASTEWATER USING TANNIN ADSORBENT. THESIS

ADVISORS : ASST.PROF. CHOOSAK PORNSING, PhD. 122 pp.

This thesis aims to study and design of commercial production of copper recovery
process from electronics industry wastewater using tannin adsorbent that synthesized from White
Popinac leaves. The tannin adsorbent is a key element in streamlining the wastewater recovery
operations overheaded by finding' the leanest, efficient, and optimal condition for copper
adsorption in order to improve the cash flow of an organization. Investigation of the use of tannin
adsorbent synthesized from White Popinac-leaves for-the recovery of copper [Cu(Il)] from
aqueous solutions was studied. The effect of initial solution pH, adsorption temperature and
adsorbent dosage was investigated by using 2* factorial design method to find the optimum
adsorption condition in lab scale by conducting three replicate each. The results obtained from the
Inductivity Couple Plasma (ICP) spectrometer reflect that ‘all 24 conditions had copper adsorption
capacity of more than 99%. The copper solution 25 mL which initial 50 ppm at pH 5, tannin
absorbent 0.6 grams and temperature 30°C-enhanced the-optimum efficiency of adsorption
process in lab scale.

Scaled-up results from. laboratory and simulation from, DWSIM Version 4.0
showed 99.60% of copper adsorption.capacity. This copper recovery method by using tannin
adsorbent sysnthesized from White-Popinac leaves is environmentally friendly and creates a huge
marketing opportunity for the-organization to step into.the next level of growth. Engineering
economic analysis showed “that the break even point of the investment is less than 4 years,
additionally the.company would have the accumulate profit of 75 million Baht at least within 5
years of operation.

For the perspective-of the investment on.this system, if the wastewater generated
from a given facility is being sold by the company to a third party for disposal legally. The
average annual spending is about 66.22 Million Baht.-On the other hand, if the company
implements copper recovery system by using tannin adsorbent, the average 8 years benefit is at 36
million Baht per year. This benefit includs the various overheads and payback interest on initial
investment. If we are looking at a sustainable level, the annual benefit is about 66.91 million baht.
By using the first 8 year average benefits, the return on investment is up to 248% when compare
to the company who dispose its wastewater by a third party agent

Department of Industrial Engineering and Management  Graduate School, Silpakorn University
Student's SIZNATUTE .....cceevrveeererierieriereieneeans Academic Year 2016
Thesis AdVisor's SIZNAtULE ........ccceeveeeverierereeeeriennns
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ANy
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<
AU VOV
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=
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¥ <
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NUL INNAITITATIYNTULAT. NBIUAY. (V1DUND 21 QUATWUT 2559, Lﬂl”lﬂﬁllﬂmﬂ
https://th.wikipedia.org/wiki//%E0%B8%97%E0%B8%AD%E0%B8%87%E0%B9%81%

E0%B8%94%E0%B8&8%87.


https://th.wikipedia.org/wiki/%E0%B8%A3%E0%B8%B2%E0%B8%A2%E0%B8%8A%E0%B8%B7%E0%B9%88%E0%B8%AD%E0%B8%82%E0%B8%AD%E0%B8%87%E0%B8%98%E0%B8%B2%E0%B8%95%E0%B8%B8%E0%B8%95%E0%B8%B2%E0%B8%A1%E0%B8%8A%E0%B8%B7%E0%B9%88%E0%B8%AD
https://th.wikipedia.org/wiki/%E0%B8%A3%E0%B8%B2%E0%B8%A2%E0%B8%8A%E0%B8%B7%E0%B9%88%E0%B8%AD%E0%B8%82%E0%B8%AD%E0%B8%87%E0%B8%98%E0%B8%B2%E0%B8%95%E0%B8%B8%E0%B8%95%E0%B8%B2%E0%B8%A1%E0%B8%AA%E0%B8%B1%E0%B8%8D%E0%B8%A5%E0%B8%B1%E0%B8%81%E0%B8%A9%E0%B8%93%E0%B9%8C
https://th.wikipedia.org/wiki/%E0%B8%A3%E0%B8%B2%E0%B8%A2%E0%B8%8A%E0%B8%B7%E0%B9%88%E0%B8%AD%E0%B8%82%E0%B8%AD%E0%B8%87%E0%B8%98%E0%B8%B2%E0%B8%95%E0%B8%B8%E0%B8%95%E0%B8%B2%E0%B8%A1%E0%B8%AB%E0%B8%A1%E0%B8%B2%E0%B8%A2%E0%B9%80%E0%B8%A5%E0%B8%82
https://th.wikipedia.org/wiki/%E0%B8%AD%E0%B8%99%E0%B8%B8%E0%B8%81%E0%B8%A3%E0%B8%A1%E0%B9%80%E0%B8%84%E0%B8%A1%E0%B8%B5
https://th.wikipedia.org/wiki/%E0%B9%82%E0%B8%A5%E0%B8%AB%E0%B8%B0%E0%B8%97%E0%B8%A3%E0%B8%B2%E0%B8%99%E0%B8%8B%E0%B8%B4%E0%B8%8A%E0%B8%B1%E0%B8%99
https://th.wikipedia.org/wiki/%E0%B8%AA%E0%B8%B5
https://th.wikipedia.org/wiki/%E0%B9%84%E0%B8%9F%E0%B8%A5%E0%B9%8C:NatCopper.jpg
https://th.wikipedia.org/wiki/%E0%B8%A1%E0%B8%A7%E0%B8%A5%E0%B8%AD%E0%B8%B0%E0%B8%95%E0%B8%AD%E0%B8%A1
https://th.wikipedia.org/w/index.php?title=1_E-26_kg&action=edit&redlink=1
https://th.wikipedia.org/wiki/%E0%B8%AA%E0%B8%96%E0%B8%B2%E0%B8%99%E0%B8%B0_(%E0%B8%AA%E0%B8%AA%E0%B8%B2%E0%B8%A3)
https://th.wikipedia.org/wiki/%E0%B8%82%E0%B8%AD%E0%B8%87%E0%B9%81%E0%B8%82%E0%B9%87%E0%B8%87
https://th.wikipedia.org/wiki/%E0%B8%84%E0%B8%A7%E0%B8%B2%E0%B8%A1%E0%B8%AB%E0%B8%99%E0%B8%B2%E0%B9%81%E0%B8%99%E0%B9%88%E0%B8%99
https://th.wikipedia.org/wiki/%E0%B8%88%E0%B8%B8%E0%B8%94%E0%B8%AB%E0%B8%A5%E0%B8%AD%E0%B8%A1%E0%B9%80%E0%B8%AB%E0%B8%A5%E0%B8%A7
https://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%8B%E0%B8%A5%E0%B9%80%E0%B8%8B%E0%B8%B5%E0%B8%A2%E0%B8%AA
https://th.wikipedia.org/wiki/%E0%B8%88%E0%B8%B8%E0%B8%94%E0%B9%80%E0%B8%94%E0%B8%B7%E0%B8%AD%E0%B8%94
https://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%8B%E0%B8%A5%E0%B9%80%E0%B8%8B%E0%B8%B5%E0%B8%A2%E0%B8%AA
https://th.wikipedia.org/wiki/%E0%B8%84%E0%B8%A7%E0%B8%B2%E0%B8%A1%E0%B8%A3%E0%B9%89%E0%B8%AD%E0%B8%99%E0%B8%82%E0%B8%AD%E0%B8%87%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%AB%E0%B8%A5%E0%B8%AD%E0%B8%A1%E0%B9%80%E0%B8%AB%E0%B8%A5%E0%B8%A7
https://th.wikipedia.org/wiki/%E0%B8%84%E0%B8%A7%E0%B8%B2%E0%B8%A1%E0%B8%A3%E0%B9%89%E0%B8%AD%E0%B8%99%E0%B8%82%E0%B8%AD%E0%B8%87%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%81%E0%B8%A5%E0%B8%B2%E0%B8%A2%E0%B9%80%E0%B8%9B%E0%B9%87%E0%B8%99%E0%B9%84%E0%B8%AD
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Average Official Prices Curve
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U

#1311: The London Metal Exchange. LME Copper. 19104140 21 quanius 2559. 1ihne 14110

http://www.lme.com/metals/non-ferrous/copper/#tab3.
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ETRE Fujitsu Ltd. Contributing to Resource Reuse by Recovering High Concentrations of
9= A o & g 29y ..
Copper from Wastewater. (V10UND 21 QUAIWUD 2559, 1o lan http://www.fujitsu.

com/global/about/environment/operation/activities/waste/casestudy/01/.


http://www.fujitsu/
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Coagulating ‘
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of solids
and liquids @
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water removal
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chemical treatment)
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ETRY Fujitsu Ltd. Contributing to Resource Reuse by Recovering High Concentrations of
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Copper from Wastewater. 1110948 21 QUATWUT 2559. 19414010 http://www.fujitsu.

com/global/about/environment/operation/activities/waste/casestudy/01/.

any %} Qy 9 as IS) . .. .
FMUEN lane Ne9AIeenINUINIA8ITNITANAS NOUIAT (Chemical precipitation)

'
a

ad a Y A A 1 o Y =\ a
VDIPAT M NTIVBIANNITDUNT wuamﬂﬂa"lummiam“lwmﬂauTamwmumummmgw

v A '

A < ' o q ¥ ' A Y
mﬂw@1/1%wa@mﬂmmﬂammmm 1/]1114@@]@'114ﬂiillL?NllllfT”lﬁJ”Iim‘WiJi"llelﬂﬂaiJﬂuﬁ

G

1 [} 9 =] 9 A é’ 1 d' a g %
PATIMNITUION uanavuAeslam lFnanuIulumsdininaznou (sludge) NINAVUTIAIIIN

J dy A o o ] ax
ﬂSz‘]J'J‘Llﬂﬁma”IuLWf’Jhl']Jﬂ”li]ﬂ’ﬂfJNQﬂ'J‘ﬁ


http://www.fujitsu/
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U Ngangineh nundeandesnuaunisvedle Tamon Langmuir 1a2910M5ANYINIA
J o o A o 1w ]
AAATVDINTZVIUNITAATUNOIA AN UL U UT1TaZA19N09A1 WDI10ATUT IV
ﬂﬁﬁ?fﬂﬁ’é}ﬂﬂéjﬂwm Pseudo second order

Meral Yurtsever and I. Ayhan Sengil Ulﬁ?lj‘ﬁWﬂﬁﬁﬂ‘]&l1ﬂ31nﬁ1n1iﬂiuﬂﬁ@ﬂﬁﬁﬂﬁ$ﬁ’3
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v ] 1 Y
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chloride gnaaad 1hiluTanenesd1lueyniaimuiiiuma 91a1u1F Foutier transform infrared
g 1 %
spectrometry (FT-IR) #13 290018 MALNUUMAIAUS gNTUAZDUMALNU T UIANDULAZ WA
[ o 4 1<
NIaALU NUIBIANNYIINDLL 3600-3000, 1620-1610,-1460-1440 e 1300-1100 em’ 131
aan ' <3| '
ﬂg]ﬂifﬂ oxidation Y9INQN hydroxyl 114 tannin gel particles "thJuﬂqn carbonyl
I Y o ~ @ A @ (=
Durga Parajuli ctal. Tdvamawssmaagaduainilaengaman lasase lilins

@ a v 4 < [ a 1 a o
ANALNUUUDINNDY Lﬁm‘ﬂumsaﬂﬁ’unuﬂlumiﬁﬂmmuuu WUUTLL‘VIHHHL%ﬁLﬁ@ﬂﬂﬂ%U

o Y 1 A A = < = a o =
]1’0@@1!611@\‘1‘1/]f’)ﬁﬂ?hlﬂﬂﬂ’l"ljﬁﬁgslfuﬂ@u A0 NBOILAT AN LLNatalagly LWanuy alnilas

a A

agAuNTuNuliufe ¥1I87 FIgradnazndongnududa wudwnuiueannilaengn
= [ A = A o =
WaUNANNE T TUMTHENNBIAIGINGADI 100% HazilieyimanfFeumeunuaINIso

1 A

TunsuennoImnAua13AINNNQY hydroxyl Av N30 oxalic NTA ascorbic 11AZNTA gallic WU
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bayberry tannin-immobilized collagen fiber UanueINIsolun 139 AFVUTON 198.49 mg/g
] a P a o [ [
nalnnisgaguilsemnasinliuuwessunun il phenolic hydroxyl i1 l#d 11509 U
o A & a
lopouvealsonluaisazaeld arwaniolunmsgadulsensgmniuaugumrgives
v E4 1] v Y
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unutunay losouveinoauad 3udunailiinanis3aq4 leesuneaua (Cu* )iy
Tangnoaad (Cu’)

Y
NNUIVGUNDN :”3 aﬁﬂyﬂmmuﬁmﬂgmmi (Lab scale) Iag@nsaauls 3

a 1 I 1 2
%u@ﬁa AMANUYUNTA-ANNVOIEITaZ Y (pH) mmmgfmgfummmiagmﬂmauﬂmuﬁu uae



23

9
%

= (% o a { o Jd
Psuadmgaguunuiuidunsizinniu i

[

Y= = [ A 1 @
ﬂulﬂﬁﬂ‘]sl']uflﬂﬂazﬂﬂﬂﬂ TaamsnNuAIveIa

nilsuazdamfsmameaasiigaduld widm plot 51 ien1gaauga (Equlibriums) U9

A Y '

2 @ o g o 1 Aad <3| A .
nimwawls nasnnduhmnangan lannuaazni MWlﬂulQ@uVlﬂl (condition) Tumsm

q

Anuasn lumsgaguneaasnnnngalumsazaiy

q

Y o
uonnninuITedmniinenunsgadu lane ludisazaredreaigasuunu

[

a I a v v 9 a oA =y 1 a A A Y 1 =
Hu uanuideluseaunea AT (Lab scale) Uadvd1901u338NMaIT03 Tus 19 w.a.
o 1 X avu 1 1 e 1 a3 @
2545 — 2552 falanan ludr lupeudu HFnauIseana o martinunduiisamsmidede
A ~ o Y a va s = v A A
Mnzauigaluszavies fiiamumi funsdnuidetemed o menmiannzauga
H v Y H
(Equilibriums) 7117 1dTasenmamne aungaluanainziiu  Iagninauidsiruunuings b

(3 o a

= =2 o 9 v a o v @ 1
llfﬂiﬁﬂ‘]sl'lﬂ'li‘Ll'lGl’Jﬂﬂ%‘ﬂu‘lﬂuuuvlﬂclﬂ)"ﬁ]fJ'N"l]i\ﬁ]\ﬂHi%ﬂ‘]JQ@lﬁ"lWﬂiiiJ LLE‘WEJ\?VliJﬂJfﬂiWW

Y

o { A Yy v ., . X g
J938614 9 NRIVeIR18I5MSNUVUNINAADY (Design of experimental, DOE) Hatilums

o A A o =R 2 o A ! Y o Y o ' v 9 =
WTﬁ%ﬂﬂ%LWNW%ﬁMﬂQ’@ Iﬂﬂﬂ?‘u\ii‘lﬂﬁ%fﬂﬂ@u -33UNY ‘V]ﬂ'ﬁ?ﬂ‘“ﬁi‘lﬂWWuﬂﬂWﬂﬂ%ﬂﬁulmﬂ1/]
%l ay [ a a 4
muwzﬁmjmﬂ:mJ’Jummﬂﬂmmmmﬂmiazmﬂw%mmqmmmiﬂmz@mmwwm%

Tavdaidszansam

2.6 MIBDNUUVUNITINAADY (Design of Experiment: DOE)
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Copper recovery from aqueous solution using tannin adsorbent synthesized from Thai plant [6]
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Residual Plots for Capacity (mg)

Normal Probability Plot Versus Fits
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Factorial Regression: Capacity (mg) versus pH, Temp, Absorbent (g)

Analysis of Variance

Source DF Adj S5 Rdj MS F-Value P-Value
Model 7 85.3087 12.1867 58.97 0.000
Linear 3 71.2800 23.7600 114.97 0.000
pH 1 27.3067 27.3067 132.13 0.000
Temp 1 42.66687 42.6667 206.45 0.000
Absorbent (g) 1 1.3087 1.3087 6.32 0.023
2-Way Interactions 3 6.3200 2.1087 10.19 0.001
pH*Temp 1 0.6667 0.66867 3.23 0.091
pH*Absorbent (g) 1 0.4287 0.42867 2.086 0.170
Temp*Absorbent (g) 1 5.2287 5.2287 25.29 0.000
3-Way Interactions 13 7.7087 7.7087 37.29 0.000
pH*Temp*Absorbent (g) a 7.7067 7.7067 37.29 0.000
Error 16 3.3087 0.2087
Total 23 £8.6133
Model Summary
S R-sq R-sg({adj) R-sg(pred)
0.454606 96.27% 94.64% 91.60%
Coded Coefficients
Term Effect Coef SE Coef T-Value P-Value VIF
Constant 1989.43 0.09 21438.77 0.000
pH -2.1333 -1.0667 0.0928 -11.49 0.000 1.00
Temp -2.6667 -1.3333 0.0928 -14.37 0.000 1.00
Absorbent (g) -0.4667 -0.2333 0.0928 -2.51 0.023 1.00
pH*Temp 0.3333 0.1667 0.0928 1.80 0.091 1.00
pH*Absorbent (g) -0.2667 -0.1333 0.0928 -1.44 0.170 1.00
Temp*Absorbent (g) -0.9333 -0.4667 0.0928 -5.03 0.000 1.00
pH*Temp*Absorbent (g) 1.1333 0.5667 0.0928 6.11 0.000 1.00
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fh 7 M 280,000.00 1,960,000.00
1A 99NTOINMAALABY 7 19304 250,000.00 1,750,000.00:
qou 1 7304 3,500,000.00 3,500,000.00
aalaasvuna 500 nlansu 6 %9 140,000.00 840,000.00
aaldmsvua 300 nlansy 8 %A 80,000.00 640,000.00
52ULNO 1 ) 1,500,000.00 1,500,000.00
521 Chiller 1 %9 2,500,000.00 2,500,000.00
Factory and Footing 1 >A 10,000,000.00 10,000,000.00
szun Tdhaugu 1 %9 3,000,000.00 3,000,000.00
AR 1 %9 3,500,000.00 3,500,000.00
113U 50,690,000.00

MU vat 7%  54,238,300.00

HATINAUNUYDITTVUMITUATIZHAIgAF UM U UIINlunszdu Aunuluszuy

migasu aunuluszuunsuenTanznesuasesnaindigadu uazaunuludiuveen

Y
v A

AAAINAT 54,238,300.00 V1N
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9 J [ Y A~
15]‘L!‘V]LlGhllﬁ’J‘L!GU’E]\1WEN\T"Iuﬁ"lﬂJ"liﬂﬁS“lJVlﬂWIiJGniNﬂ 4.5

a

q

A15199 4.5 dunuludiuvesndsnu

&8

NUIU GLITEH) -,
. NUIU WasINnladnn
ASTVIUMS Fluams (8991 BTU o
. . () A1 1309
Mau 1B aIFed)
FUALTIN
. - 24 100 180 1 0.6330
QaduImMuiY
AUMIYATY
R 1 200 360 1 0.1055
UNUHY
ASTUIUMS
ANV
12 30 54 6 1.1395
Tariznaauad
lusiia
INAIAAHD
_
UNHHMIND
11 800 1440 1 4.6422
Len
Tarizneaunq

Yy 9
r A o ]

d' dy d'l a [Y] 1 = o
L‘Ll@\‘lﬁ]1ﬂ@ﬁ]ﬁ?‘ﬁﬂiiMllﬁ\iuﬁ\i@ﬂiuwuﬂﬁﬂlﬁiﬂﬂﬁﬁﬂnu @mmﬂvmwmmmmmﬂ

d 1 o Y] 1 a
LﬂmW]ﬂf’lW‘ﬂﬁli’Nﬁiuﬂﬁuﬂmgﬂiiﬂﬂﬁﬁdlﬁiuﬂiiﬁd‘ﬂu (The Board of Investment of

9 v
Thailand: BOT) W“]JTJWS]JMTJUWleTH‘VN‘Vf?JﬂﬂJ’ENi%UU 2,066.57 VIMABHNHINTLVIUMS (Batch)

U

a % [ { [ 4 a a [ o [ [y
lumswaadigaduneainduasizriainlunszdu 1,200 dlansu dmivgadunewnly

’o‘ Qy o 4 @ o a 4 @
U1 5,000 ppm 1UIU 50 ’s;]ﬂ‘]JTﬂﬂlllG]illﬁ3LNTG]’J@,ﬂG]i‘]JLL‘VIHL!HLﬁ@ﬁﬁ@ﬂﬂ@ﬂllﬂﬁﬂﬁﬁﬁuui



4.4.4 AunuluaIuveaninay

89

Wwiey
100 - 1000 °C

15 mA3

(s 3o (T Mg
(s 3o (TR g

o

(s oo g
(s oo (IR
(s 3y g

s

d' o o | Aa Y o
31]7] 4.21 ﬂ'li‘VlN'lu"]J’ﬂx‘ﬁz“]JiJ!LﬁZ@]"I!l‘Hu\TVIllﬂ"lichlfWHﬂQTHﬂ'JiJﬂll
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H ] Aa oA 1 I (] [} I d v o
nngi 421 winedfiamsgnuuaiiu 3 wiae AewtiemsdunaszHAIAT N Y
] o %’ 2 1 [ @ a
Hunnlunszau vilensgaguneduadluinnaazniieMseuLazIHIAIgAF N UL
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WOLENNDAULAY TI8ALIDIANITNINUVDIN AN UTAIT]

(J

raasuunutiuanlunszau wiinau 1 au ldnarlumsla

U

NUIIMTTUATIZH
1% a 1 a Al a A a Jd o = @ @ a A 1 Yy 9
agay lamsnil iWallanieslfnssl awsouninaznoudgaduunuiiuiesoduiigou
@ o H] ] 1 @ o ) A Aa
sanaminnunauRIme 2 $ Tus nibensduazddgaduunuiiunnlunsyauly

Y v
NAIMNUNITEUY 12 B2 19

ayd o

] o goJ 4 a o
WieMIgatUNoAl N Jwinay 2 aulunisauquguamselfnsaindl 6
A Y] 24 a 4 A 1 9
193949 Tagniinau 1 Ay Auquiezguamsodlgnialauas 3 1n3e9 uaazaulgnarlums
a| A goJ ay Y 1w a 4 1 o a (Y2 =) % Y a d‘
Alatlainatfewdgdauljnsal ldadagasuumuiiv fawsenaznoudgaduunuiuiese
' o o 9 o ' o 3 2
dudngou saunaminauiiauisrea 193104 30 w7 niensgatuneaaluining
9y o g o

Tgnanhanuniszuy 12 91

WHIIMI DA IgAT UL NUTILNBLEnNo AT Tniinau 1 au 19na1lumsla
MNAZNOULNULY AIgaFiunulundInsz1Iunsgasy parlumsitlatlamies nailu

Y 3 1 % o gjl

m3ihaseenangeutas Fesaivindais ouldas 5aaminauinaunue |
J ' o Y a o 2 &
#1119 iemMsEndIgeFuEnutuiatgnnowad g unEs vy 11 92 Tuwwag 1
v 9 '
I Inadmsumsse dsnatsanuion sz ubldnaniimmunivua 12 93 Tug

y Y 9

natld1n DM A 1399 3 1 TFAURw (Supervisor) 1 AL A5 UAUATID
A A = aoA o v
o IEva 1N TURNIA UKI 0WIALAAUAITING

M135199 4.6 Aunuludveaniindm

v 4
D A9 ERVTELY uIUNg FIUAN
nielfiiams L a . . o
(InAvLABY)  WINIIY M (1NNABLABY)
Funszy AIQAFUINUHY 7,000 1 2 1,750.00
gagunaaadluing 7,000 2 1.5 2,625.00
U NI ZFIINHUN
L. i 7,000 1 2 1,750.00
JaAsanaslan
AnIugu 10,000 1 8 10,000.00
FINARININNA (VINABIADY) 16,125.00
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1NA1T1N 4.6 MsAIUIUAUNUTINIUFIUVOINITANIUNINDY 16,125.00 UINAD

A
DY

1'%

4.4.5 9ANUNU

Q Q

v 1 Y
s11v1enoduaunasluseon 1 YNAIUUT AUAADUTINIAN W.A. 2558 - AIN1AY

W.A. 2559 51891451 1V18N09AI TULD DIBIFE1N London Metal Exchange Centre nansldas

3N 422

$5,600

$5,400

$5,200

$5,000

$4,800

§ per lonne

$4,600

3
n

W

1
L\\W | M A Il‘wl
W \
w A JJI.J I'hl"‘ﬁ

o

J’W\b i \W‘“w Ao

3 Month
Price

Cash
I':"lfl‘

1% 4.22 anenssuaanaslusen 1 I dunaeu AT W.a. 2558 - AIKIAN W.A. 2559

1: The London Metal Exchange. LME Copper. 191094418 2 nWe181:2559. 19194 14910

http://www.lme.com/en-gb/metals/non-ferrous/copper/monthly-overview/.

A o { 1 @ a 1w
A1TNN 4.7 1NVIYNDILUAIAT A gﬁqmmzm?\a (ﬂﬁ]aﬁ1iﬁ1’iiﬁflmiﬂ1ﬂ®@u) Gl,ui@‘lj ITJ

9
@Tmmﬁaummﬂn W.A1. 2558 - 911N W.A. 2559

d [
1N NBAI (ADAAIFATSFOININ)

Mmgn
4
08

s

g9ga

4,620.00
4,772.45

4,924.00
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a2 9

{ I { '
a1319% 4.7 11 udoya 18910 London Metal Exchange Centre i]”lﬂﬂ”l'iLL‘]JanﬁQa

U

a L4 I a I a A o A d'z': A = = o A
Nuﬂ’ﬁ]aaﬁﬁﬁﬁiﬁﬂmiﬂnﬂuﬁﬂaNLl‘]JTﬂ Hoaswanasundingalusevdaudeiun 2

q q

9
v

AUEIOY 2559 BN 34.53 UM ALTUTIANNENBILAL TumINEU AN lan5y udad lAainsg

n48

Y
G 1

~ ° = 1A [ = A
ATNN 4.8 31NNVIYNDILUAINTA GIFALATIRAY (TJTVIG]E]ﬂIﬁﬂiiJ) Tusev 17 asuapon

AIMIAY WA, 2558 — AINIAY WA, 2559

1IN INDINAY (ABAA15ABAY) (WNNABAY) (WnAanIansu)
9’%1@!9] 4,620.00 159,528.60 159.53
!‘ﬂéﬂ 4,772.45 164,792.70 164.79
gaqa 4,924.00 170,025.72 170.03

[ { a 1 @ a I a =
nume) : ensanlasuanaiiuaeaaiiansgomsnuluanaluuImedn 34.53 1

TariznowaId1NsanauaY (Recovery) DINFIPATBUNUANHAINTTVIUNTQATY

Y o a { < o ' ) A o
Tagnsien Tudaagasuunuiiug 800 esramFoaiilumar 11 921ud uaaadn 13 U5En
Y o o a Y = ' v A Y
amnsown lndagaduunuinld 2 sou ddazseulariznowatannsanduauu Ia 249

QU

Y v
Alansu a9 13U 24 2 1u9) Tavigneaasaiursanduauuld 498 Alansy d1usums

[ 1 )

J Y a 3 A
ATUIUIAANNU U fJQﬂLL‘iNﬂﬁﬂWH’JmL‘IJu 3030 A9

1
1 o

N39131A1V18NDIUAINAIAGR

= =S 1 1 (% 1 d’
ATAIIAVIINDILAINANINAVAUR DY
N39131A1VIINDIAILAIFIFA

J

4 adg a g a a o o
Lﬁi’Nﬁ]"lﬂq@Iﬁ"l‘ﬁﬂiillﬂlaﬂ‘i’li@uﬂﬁﬁﬁNu‘l{]ulla3ﬂi%LLﬁNuﬁﬂﬁ?ﬁiﬂﬂ?ia\‘l‘i{]u‘lu‘i{]ﬂ

19y Y a 1 v A Y o (3 o
Tmﬂmﬂm"lmmgmumuﬁmmi I,LGILﬁf)x‘]%'lﬂﬁu‘ﬂu"]]@\iigﬂﬂﬂ'liﬁ\ilﬂinﬂﬁ’Jﬂﬂ‘ﬂfﬂu‘ﬂu

Hunnlunsziu AUNUVEITTUIMTYATU AUNUUBITLUUNTUEN TN NOIAIDDNI NG

9 Y
gadry nazdunuludiuvesmAaaalinuminy 54,238,300.00 U1 dawaligad 1N suLMail
Y A A

Y
G]f]\?flllNuﬂWEliuUiH1/]1]11(?141!!,’3811! I@UUiHﬂﬂ@ﬂ@]iW@ﬂﬂmU%}ﬂﬂﬁg 1.50 izazmmﬁmau 39

[ Y Y =\ ) dyd 1 a v A g’; Qy =
‘VHGIMGI’ENIIﬂﬁ“b’ﬁ%‘l/iuﬂullﬂﬂi‘blﬂﬂﬁg 18,350,624.83 UIN FINTLYLININIAU 3 1)
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EY A

a 2 2 . o a a
1ﬁiﬂﬂuﬂuﬂlﬂﬂﬁuﬁﬁ1nﬂﬂ (Recurring Cost) mmmmmﬁ’unu“lumsauﬂuuaz

q

Do

asnll daunuluaruvesminauazdunuludivvesnasu UsEnd 22 urkhaudenou

Aqunuitnasmnll = (13,842.59%22%12) + (2,066.57%2%22*%12) + (16,125%12)

q

4,939,092.72 U1NAD1)

¥ v

Aa 2 3 A Y 1A
Quuﬁunumﬂﬂmumnﬂﬂummmu 4,939,092.72 VAol

4.4.5 DIAUIMNDIAINMAIGA

H 1 o 1A =Y v Aa I o
flﬂﬂ@]’lﬁ’l\i‘ﬁ 4.8 WU3151?”%181/]@\1“@\1@]’]@@@@% 159.53 'U’Wl@'ﬁ]ﬂiaﬂﬁll ﬂmﬂumu’m

'
a2 I3 Y

wNUSEnansavieTangnedunald 79.445.94 unae I wseszuna 20,973,728.16 1N

191/

o—

Y
2 3

v Y
AN INYIVINNITVIYNBILLA é’l’unuﬁmmumnﬂﬂzmxms%wswﬁmmmum IRHTR!
= [ o A 0o A A 1 ~ =S [ A
“D’\if‘lﬁﬂ']l!’)il!Nﬁf‘nuli?i3’BJGUWWJuﬂJ’ﬂﬂﬂ']iﬂ']muﬂﬁ]ﬂiﬁJiull@m$‘1J F1YATIDYALTAIAIATIT NN

4.9 1aEM5199 4.10

d‘ o o A o a a 1 ~ d‘ dd‘
#11319N 4.9 fﬂiﬂTL!’Jil!ﬂ?uliﬁi@%Wﬂnu(luﬂﬁﬂuuuﬂﬂﬂiini%ﬂ’lﬂﬁﬂ“ﬂ 1-4 Tunsaing e

neunsiimeiga

SeazIven i1 i 2 i 3 i 4
SBTVNMIVIENVINAY 20,973,728.16 20,973,728.16 20,973,728.16 20,973,728.16
30NN ITVIENDINAT (azan) 20,973,728.16 41,947,456.32 62,921,184.48 83,894,912.64
Funuiiinas 4,939,092.72 4,939,092.72 4,939,092.72 4,939,092.72
B T T vt 18,350,624.83 18,350,624.83 18,350,624.83

wa iwv’iunu 23,289,717.55 23,289,717.55 23,289,717.55 4,939,092.72
Wa TJN@?II‘I-!I!‘N (asan) 23,289,717.55 46,579,435.11 69,869,152.66 74,808,245.38

fls/ananu newdemi (azvawn) (5,790,436.06) (15,055,133.76) (24,319.831.45) 12,292,032.93
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ti' o o A ) a a 1 = zﬂ' dtd'
M1TNN 4.10 fﬂﬁﬂTL!’Jﬂ!ﬂWI’lﬁﬁﬁ@GU'lﬂnuﬁluﬂWﬁﬂHuuﬂ%ﬂﬁﬁuﬁ%‘ﬂ’]ﬁﬂ‘ﬂ 5-8 Tunsans i

A1 o
GU'lfJ‘VIfNL!ﬂ\nJﬂ'WnQ'ﬂ
Seazvea U4 s e i 7 s
BFUINMVIENDINA 20,973,728.16 20,973,728.16 20973,728.16 20973,728.16
BFUNNMIVENBIAI (a=adl) 104,868,640.80 125,842,368.96 146,816,097.12 167,789,825.28
Funuiiidad i 4,939,092.72 4,939,092.72 4,939,092.72 4,939,002.72
MsHseHHuAUSEM - . = =
HaTINEY 4,939,092.72 4,939,092.72 4,939,092.72 4,939,092.72
WATINAUNY (avas) 79.747338.10 84,686,430.82 89,625,523.54 94,564,616.26
sls/nanu dowdams (azaw) 76,429,834.57 140,567,636.21 204,705,437.84 268,843.239.48
THB 200,000 1,400
wv wv =
£ E £
- 1200 & %
= THB 150,000 S
E 3 : 100 3 =
= = £ §
s goo +~ =
2 THB 100,000 £
= 600 =
E THB 50,000 400 g
el
200 =
1 2 3 4 5 6 7 8 9 =
druad
Lauznedumaazay (Alandy) 8 FURIAAT AN B LAI RS A (L) EIRTIL
d‘ 9 = d' = :7
gﬂ‘n 4.23 U U lunIANTIAIVIINLAINAINIFA
~ ' 9 Aa Ao
910317 4.23 WUNPAUNUVBINITVIINBAAITUNTUNTIAVIENDIUAINAIAIFA
ld' % Y Id‘ = =) =y d' a o A o
pgNszanm 450 Au szeznaaqunueghlszuia 33 5 wou Tasllh 4 u5Enaziimls

] Y
dgauy 12,292,032.93 1uazi lsnnmsvienesuasazmuiiunnil

MINMIMUIUAADLLNUIINMTAINUNID ROI fuda laainaunisi (30) tioving

U

A o Aa A = A 1 F2A
“]J‘i/] 5UDINITAUUUNINT TN %ROI Mﬂ?ﬂimﬂﬂ‘l 325 ﬂif]fﬂ*ﬂﬂﬁT)hlﬂ’N’anuvlﬂ 100 U 9%

Y 4 a o A (=
lana)sz TemignTanmsauiiuau 325 umaodl
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) ISl T \ ‘d‘
4.4.6 DIUNMNVWAINAUMAVAUDAY

INAITNN 4.8 NUITIAVIENDIAILANMAUAURAYDYN 164.79 VNGB lany
a I o a A Aa o 9 [ Y] A
Aailusuluinusinawisovielanznouaald 82,066.76 masIu Hiedszuw

21,665,625.66 11N

Y
1 2 %

Y
11N5195UINNTVENDUAI AUNUARATUFINNTazMsTIszrHuesuIEn 1
= o o A o Aa A 1 ~ = [ A
Famamuruwam lsnsevianuuesmsauivnansuluuaazill swazdoaudaininisen
4.11 1AA3199 4.12
~ o o =) o A A T A A
M15199 4.11 mymuam lsvienanulunsduiuningsusgnnedn 1-4 Tunsainsa

V1YNDAAILAUMDUAUN DY

eazRun i1 72 73 it 4
TVIINMIVIENDINAY 21,665,625.66 21,665,625.66 21,665,625.66 21,665,625.66
SUTVNMIVIENVINAT (A) 21,665,625.66 43,331,251.31 64,996,876.97 86,662,502.63
ﬁunu‘ﬁ!ﬁﬂé1nnﬂ 4,939,092.72 4,939,092.72 4,939,092.72 4,939,092.72
mi“ﬁﬁzﬂ‘ﬁ!!ﬁu%ﬁ'ﬂ 18,350,624.83 18,350,624.83 18,350,624.83 =
WA TINAUNY 23,289,717.55 23,289,717.55 23,289,717.55 4,939,092.72
Wa iwéiunu (azan) 23,289,717.55 46,579,435.11 69,869,152.66 74,808,245.38
ﬁf’li/mmnu fowdamH (azan) (4,060,232.17) (10,556,603.63) (17,052,975.09) 22,327,215.52

A15199 4.12 mamuum lswsevanulumsdiiuningsuizninedn 5-8 Tunsainsa

VYNDAAINAUMN VAU DY

Seazvn Uit s it 6 it 7 Uit 8
FB5UNINNFVENBWAT 21,665,625.66 21,665.625.66 21,665,625.66 21,665,625.66
FUTUINNIVILNVWAL (AzaN) 108,328,128.29 129,993,753.94 151,659,379.60 173,325,005.26
é”nuy_nuﬁuﬁm%mn“ 4,939,092.72 4,939,092.72 4,939,092.72 4,939,092.72

MIs1serHuAYIEh - - } .

Wa nm’l’unu 4,939,092.72 4,939,092.72 4,939,092.72 4,939,092.72
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ti' o o A ) a a 1 = zﬂ' dtd‘
MITNN 4.12 fﬂﬁﬂTL!’Jﬂ!ﬂWI’lﬁﬁﬁ@GU'lﬂnuﬁluﬂWﬁﬂHuuﬂ%ﬂﬁﬁuﬁ%‘ﬂ’]ﬁﬂ‘ﬂ 5-8 Tunsans i

=S 1 1 3 1 ti' 1
VYIYNDIUAINAUNNUAURAY (71D)

NeazPun U4 s e i 7 ns
WA SINAUNU (azaN) 79,747,338.10 84,686,430.82 89,625,523.54 94,564,616.26
ils/nanu newdami (azaw) 89,233,343.39 156,139.471.26 223,045,599.13 289,951,727.00
THB 250,000 1,400
wv wv
= 1200 £
= 3 THB200,000 ' B =
5 E 1,000 E E
Z & THB 150,000 : I Loy G
EL] qr_
G THB 100,000 = = = W SRty =
S 400 z
E THB 50,000 3
’ 200 £
1 2 3 4 5 6 7 8 9 G
druad
N Trvznadumanzay (Alanfy) 2185 URNANN TSN BILRSAZ L (L9) FERHT AU (U

d' 9y A = 1 J =
3‘]]7] 4.24 ﬂq@ﬂnnuiuﬂimmmwwwmmemmmummaﬂ

' 3 o H )
i]’lﬂqﬁ;ﬂ‘ﬁ 4.24 W‘]J'J’lfgﬂﬂllﬂuﬁllﬁ)\iﬂ’]iﬂl’lﬂﬂ@\?llﬂ\iiuﬂiaﬁi’]ﬂ’lﬂl’lﬂﬂ@\ﬂlﬂ\iﬁﬂ’l@’]@ﬂ

q Q

i
~ o

= % F) VA = A = a A o
pgN1szanm 440 AU szeznaaguiuegnlszin 3 U4 fou Tasilh 4 usonaziinls

' Y
dzawy 22,327,215.52 1iuazi ls0nnsvieneamuunni

INMIMUIUAADLLNUIINMTAINUNID ROI fuda laainauns (30) tioming

U

9 5 voamsdutiunangsu %ROI Ia1lszanm 339 nieervnadlanasnuly 100 1m oz

Y 4 a o A (=
lanalsz TemignTanmsauiiuau 339 umaodl

4.4.7 NIATIAMDWAINAIGIGA

H 1 1A 1 Aa v a I )
mﬂm’inﬁ 4.8 WU’J”I?"Iﬂ"IGU"IEJ‘ﬂﬂQLMQQ’ijﬂ@g‘ﬁ 170.03 'U'WW]'E]ﬂIaﬂﬁll Al uo I

a o

unuSEnansovieTangneauadld 84,672.81 umaeiu wIeszuna 22,353,621.46 1M

001l

o—
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Y
. 2 3

Y
1IN5105VINMINENBIUAS AUNUNaTusInTuaznsHiszrilvesusin hn
é o [ A ) a a 1 = = [ d'
Famsaruwan lsnsonanuuosmsautiunonssuluuaazil s1wazPeaudaininisad
4.13 1ALA119N 4.14

v
=1

d' o o A ) a a 1 = dtd‘
MTNN 4.13 fﬂﬁﬂTL!’JfL!fﬂulﬁﬁﬁ@ﬂl?ﬂnuﬁluﬂWﬁﬂnuuﬂ%ﬂﬁﬁuﬁ%‘ﬁ’]ﬁﬂ‘ﬂ 1-4 Tunsalinsia

PENDIUAINAFIYA

F1azI08n i 1 i 2 i 3 i 4
5UINMIVIENDIAT 22,353,621.46 22,353,621.46 22,353,621.46 22,353,621.46
FYFUINMIVILNBIUAI (TZaAN) 22,353,621.46 44,707,242.92 67,060,864.38 89,414,485.84
Funuiliadmni 4,939,092.72 4,939,092.72 4,939,092.72 4,939,092.72
B T T vt 18,350,624.83 18,350,624.83 18,350,624.83

Wa i'JSJéI/‘l«!TQI‘H 23,289,717.55 23,289,717.55 23,289,717.55 4,939,092.72
WATINAUNY (avas) 23.289,717.55 46,579.435.11 69,869,152.66 74,808.245.38
ﬁf’li/mmnu fowTei (azay) (2,340,242.66) (6,084,630.91) (9,829,019.17) 32,303,154.66

]
=1

d’ o o =) o a a 1 = dd‘
f1319N 4.14 fﬂiﬂ11!’Jil!ﬂ?hliﬁiﬂall”lﬂnucluﬂﬁﬂﬂuuﬂ%ﬂiiﬂi%ﬁ’ﬂﬂ‘ﬂﬂ 5-8 Tunsaingim

ISl
VIINDIAINAZIFA
S1eazIvun s i 6 Ui 7 i s
S183UINNFVILNBWA 22,353,621.46 22,353,621.46 22,353,621.46 22,353,621.46
S1UTUINNIVILNVWAL (AZaN) 111,768,107.30 134,121,728.76 156,475,350.22 178,828,971.68
Aunuiiacgimnl 4,939,092.72 4,939,092.72 4,939,092.72 4,939,092.72

mstserHunUSTn
Ha 53“92;1«!7“]1! 4,939,092.72 4,939,092.72 4,939,092.72 4,939,092.72
Ha i'JNgll‘l-\!Y.l‘N (azaw) 79,747,338.10 84,686,430.82 89,625,523.54 94,564,616.26

ﬁﬂi/ﬂnﬂ?{‘m fowdami (azaw) 101,961,265.74 171,619,376.82 241,277,487.90 310,935,598.98
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THB 250,000 1,400 B
w L] =
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