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Abstract

Coating of copper plates for flexible printed circuits of electronic devices by Entek
process uses benzimidazole-derivative solution, so-called Entek solution. Contaminants were
found on the Entek-coated copper plates, rollers and gears in Entek solution tank and in the tank
above the solution. Therefore the Entek-coated copper plates could not be transferred to the
following process step and became rework. White and purple solid contaminants and brown paste
were observed. According to the Fourier Transform Infrared Spectroscopy (FT-IR) spectra, all of
the contaminants were composed of benzimidazole. The possible parameters causing the
contaminants were studied in the laboratory simulated from the Entek process. The concentration
of Entek solution (9 and 14% by volume of Entek Replenisher in Entek solution), temperature of
40 and 47 °C, pH of 2.5 and 2.8 (adjusted by NH,OH solution), the effect of aeration in the
solution (0 and 3 L/min), and types of main metals (copper and zinc) in Entek solution were
studied.

About the 3rd hour of the experiment at the concentration of Entek solution of 14% by
volume of Entek Replenisher, 40 °C and pH 2.8 without aeration, a large amount of white solid

contaminants were observed. From the FT-IR spectrum it could be explained that the white solid



was [Cu(NH3)6]2+, a Hexaamminecopper(II) cation of amine groups from NH,OH solution and
copper ion from Entek solution, bonded with benzimidazole derivatives. After leaving the white
contaminant in the atmosphere for about 2-3 days, most of them became purple. It was presumed
that two molecules of water from the atmosphere were substituted two amine groups in
[Cu(NH,),]"" obtaining a Tetraamminediaquacopper(Il) cation, [Cu(H,0),(NH,),]*" to react
with benzimidazole derivatives. In case of the same conditions but with aeration of 3 L/min,
about the 3rd hour of the experiment, a number of brown contaminants were found. It was due to
CuCl, (from the oxidation of CuCl in Entek solution) forming a more stable ion of [Cu2C16]2- with
chloride ions in Entek solution, and then [Cu2C16]2' ion reacted with Benzimidazole derivatives to
Benz,[Cu,Cl]. According to results by the Inductively Couple Plasma-Optical Emission
Spectroscopy (ICP-OES), copper of 4.064 and zinc 0.252 ppm were observed in white solid.
While in the purple contaminant, the copper and zinc were 37.21 and 0.203 ppm, and those in
brown contaminant were 51.69 and 0.124 ppm, respectively. These contaminants can be
attributed to the reaction of copper ions in Entek solution with complex ions generated in the

process.
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1. Single side FPC Yy uduaiei99s 1 §u

H v
o 9

o o A o [ o
2. Double side FPC ﬁ%u‘ﬂ'ﬂ@ﬂ')u1%“1””1“&ﬂu[ﬁua1530%5 2 ¥U

9 A

& dQ’l’ v o a o ﬂ Y 0’1’ d?
3. Multilayer FPC ~ ¥BUYDIAIIMMHAUIMU WA UR1899F 2 ‘mmu"lﬂ

v
v

awv d ] a o w a a
uSEnlinma uuyunawed aeseisdu (Uszmalne) $1fa waaumaaes Tifhaia

v
=

[l = 2 2 o < v {
dangulduuy Single side ¥afl Tassardrauaz Sagnidlusasilsznou fagalf 2.1

'}

Cover lay

v

Base substrate

31 2.1 uworeas it Inihwiladangu1duuy single side

1. Cover lay Li’ju%uﬁﬂﬂﬂquﬁmﬁ'wwﬁ’umtmﬁ]stﬁaﬂmﬁummﬁﬂmﬂmnﬂmﬁﬂ
afluuazsortiavau aqfi14italy 15 Polyimide film, PET film 1182 Flexible solder mask

2. Adhesive layer Lﬂu%'uﬁﬁmﬁwﬁﬁm%umm Cover lay N Conductor (a2 Conductor 1)
Base substrate 18 ﬂﬁnl‘]’)"ﬁil‘lﬂ LB Acrylic resin, Epoxy resin, Phenolic resin [10% Pressure-sensitive

adhesive
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3. Conductor tHuFuvnIdhdalnafenesuas Hnthnduduaisrsasit fves

]
=

FPC Ja ﬂﬂﬁl%ﬁﬂﬂ (%1 Rolled and annealed copper foil, Electro deposited copper foil LI0% Stainless
steel foil
& & o A o = Y a a
4. Base substrate (1UFUTDITY LWE){)i’)\?ﬂuﬂ'J"IJJEﬁfJﬂ'IEJ‘U'ENLﬁuﬁ'IfJ'Nﬂi%?ﬂﬂ?ilﬂﬂﬁu&l

uazyoedatau Jaq19Ma 1) 19U Polyimide film, PET film 148 Polyester film

q

[
R =3

~ <] S [ a Ja o a ¢ o {
5. Stiffener 1WHuFWRNANNUIMI IR sARgUnssiBiannseilnd Taqh ¥

1) 193 Resin glass wanardnweaylany

A | v
2.2 PszwIUM kAR Ivhy fatiangula
a a a A ' 9 A :/l % dy
nIzUIUMINaAUHINsAA IThsidetanguld T 4 dunou dil
[ 3 ] v
NS¥UIUMIT 1: Front process HUuABY 733171 2.2 41 Base copper (UWUNBILAINAR
v 9 9
Base film) W1@A Dry film (We1emsyugiiduaionses mminezateuassansilalonnly
9
@ a 4 ° a
YUAoY Exposure IMInaITwidua182995 182111 Cover film AAUW Base copper Wazauld
aNusou (Curing) 1o ls Cover film BaRAfY Base copper ¥91991NK11 Front process %1380 Base

copper 7 FPC

Base copper > Dry film ’ Exposure > | Cover film : Curing

3% 2.2 N2UIUMS Front process
a 4 ad 9 = a o 2 LA
NITVIUNITN 2: Middle process NVUADU ﬂ\igﬂﬂ 2.3 919 FPC NU Stiffener INDINNAIWY
< o a 5 < v a a
U5 udrdhnnuazoIRRIMTIIes FPC A18n30 (Acid cleaning) Taeldnsadaasn uda
v
1RO UAIRIBA15AZA10 Entek 9101UTANT TaNLHEN 19U SAC (Sn-Ag-Cu solder) 891U FPC

k4 H
YUADY Solder printing MUFULVUVBINUNADINS

FPC from Entek Solder
—| Stiffener » Acid cleaning [—» ]
front process process printing

51 2.3 ATZVIUMST Middle process

Y
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NILUINMSN 3: Back process WUUABY AI3UN 2.4 1913 (Punching) FPC Ausmvnian
) Qy 1 a o 4 a I~ [
ponuuy 13 nazAn¥uaueen (Blanking) ABUAAL Back-up board MDA TNAMNLTINT WDLHY

seveanuiouInFud MDA nNsoiindnazAauy FPC TUNSZUINMT Assembly process

Punching _— Blanking T Back-up board

3UM 2.4 N32UIUMT Back process

v E 4
NSTUIUMITN 4: Assembly process  WUUABUAIZUN 2.5 AnsuTanzHaNasuu FPC Ud

Y
a a 1 a

< a Ju . 3 A v v A q 9
AATUAIUBIANNTOUNTNY FPC (Flip chip placement) mﬂuumumsauiwmmsamwaiﬂam

i1 E4
a 1

LY ad a @ @ v

iansenrududiannseindiy FPC ainiuasiedoudmisnszua I uazaiuauysel
4 el oy ad a { ' §

¥8I151%01 FPC (Function test) uazfudiudiannsoding ussy FPC fiauysalasndouitods

Y v Y
woulvnugn

Flip chip
Screen print [—» —» Function test |—» Packing
placement

gﬂ‘ﬁ 2.5 NTUIUNIT Assembly process

2.3 S180PIAVDINTZTUIUMS Entek [3-7]

nIZUIUMS Entek 1iludaunilsves Midde process 338 7 Sunsusoy FagUii 2.6 18u
DI curtain MINANDUAIAIBAITAZA1Y CPE-750 (Etching) M15819 FPC @18@15a2a1en3a
FaWasndudu 5% Tavdsuas mslde1meadiessuy Air knife M3AAeY FPC d1ea1sazaly
Entek 3819 FPC #1011 DI wazmsouuis FPC U7l 27 ugaanwiiassvesnszuauns

Entek



DI curtain CPE- 750 DIl DI2 = 5%H,80,
4
Air knife2 Entek Alr knifel ‘@ DI4 DI3
$
DI5 DI6 Dryer

v
%

U7 2.6 YuABUGOEVINTZLIUMS Entek

I Exhaust to stack
7y y § 7 7y 7y y §

Blower Blower
Blowar
/_j Alr khife /—_\ At ihife
Loader I s l j" ] Unloader

I} Etching v 5% H;S0, ] Entek }
Dirinse Dl rinse Dirinse Dl rinse

311 2.7 MW81993952UIUMS Entek

1 d’;’ J =1 9 Ao dy
ugazduneuIazglnssilunszuIUMT Entek Hnrhfiaail
i [~/ :’ { i i i o w
1. DI curtain 15umsd1 FPC @av1iiits1rainleoau (Deionized water: DI) iios13a
3 Aa [y d’oy (VL 9 (9
arstueunanindy Frc Tasmsanlsdiianianiedrennusu 0.03-0.05 wnnzthama

9 v
2. Etching 1Huduaouvesmsl¥arsazats CPE-750 fansauaiusnaizinieude

A o w d a dy Aa A o
71395018 Entek Lwam%ﬂﬂaﬂ"lcummzt‘wnwuwm“lumamaau Iﬂﬂﬂﬂ“ﬂ'ﬂ\illﬂQ'ﬂﬂﬂﬂﬁgﬂ'}m

v
0 1

1.3-1.6 lulnswas drvadindt 1.3 lulaswas 929118 FPC ifaaiin'ldde anusulumsaalse

1582018 CPE-750 1521191 0.03-0.05 tunnziama




3. msazarensaganTndudy 5% laslsuins 19a19esaza1s CPE-750 890911 FPC
foufiaziirluindeudreasazais Entek anudulumsannlsd 0.03-0.05 wnngihaaa

4. Air knife {flums Wermeth itefrsarih DI uazasindfidnegdy Fpc §rammuSauas
frmevosormatumsih ldwingawozinls Frc idovsninsosarauesii1 DI viemsmi

5. Entek (fudunoumsmdouinvesmounuitoflosiumsifaaiudiomsazay Entck

a v

& [~ @
FINDUNUTUDY Benzimidazole Lﬂﬂﬂdﬁﬂi%ﬂﬂﬂﬁaﬂ ﬂ?TﬂJWu1ma\3ﬂ15lﬂaaU 0.2-0.5 'llliﬂilllﬁi

9

anudnduveIatsazaie Enck uSEnMnuaniuaui 9 uazi4%lavdSmnsvesaisazaie

Entek Replenisher Fauifuasazmeisudilumsinonaisazaty Entek druguugiuazaiiiioy
fimsnga fio 40-47 serumaiFon uay 2.5-2.8 AR lunsdifinnndudunasmiiorgs uas
qunglidwziAamannninuesd15Uszney Benzimidazolé FeorTuaungvesnisifads
Yuidfou

6. msdadawi1 DI itedeansindl asazatw Entek nazansiuiiiouftorsfnundy Fec
foudadunsosouudts Wanudulumsansdih 0.03-0.05 wanzhaaa mfieyves pie (317
2.6) limsdn 5 e lilduresmsazay Entek Aindow FPC gniatedionsa

7. MspUUR FPC Aoudsludde lilnszuiums Back process gungiii oy fio 50-90
BIAUALTYA

8. @1WWIU (Conveyor) Tanvhiifiudads FPC ruusiaz$unenvesnszumms Entek
ANUISIVBIAIENIM (Conveyor speed) JufuSmINve AR U ARDIMS 328219011 FPC g 1
NTEUIUMST (Dwell time) NWANTENUWINABANINNUIVDINITAARINDIUAIAWAITALAY
CPE-750 L1AZAIMMUIVOIMSIAAOUAILET0Z1Y Entek FafiARNTUAY Dwell time Taolnf
WAAUANIWS IBITENIUBGILYII 1.9-2.1 ATADUIT

9. Roller mihigaonganiosessumenulfiadondlu luundunsaTaoii Frc
YAUVINTEWIN WON9 N Roller 9z48anmsnsziiuvei1 DI HAZAIIATIAIY 91N IUTIY
M130zmedudfanssga1Iazme Entek AY3ATIVTOUANMNIALEINIIANYALOIA Roller D69
auawe &1 Roller anusnernsildifanswanysnuy Frc

10. Air exhaust system 1Huszuuiildlumsgalomsfiszmeldineg manszuauns
Entek 151 Tovesnsadailiin levesarsazaiv Entek lovesansazats CPE-750 tite i 19Ty

[ 1 @ d' a wa ] a 19 o a 0 Y
ounseneninauiliascuegluaensnan uddrdasinisgaloasquiuly 01914



aufvesensazany Entek 1 Anandudu diies n/fenuilacld Samsdsusanmsqaleves
msnszmeldldmnzaw
o Y o (4 :‘ a ° Y

11. Spray nozzles Y5611 DI uazarsiaiiasuu FPC Tasfvuannudulunis
1136 0.03-0.05 wnzthama hianudulumsanysdgainly o9 ld Frc Fove'ld iy o
YBIMIIARDUAIATAZANY Entek 9zgniiiany uadiduinlornvilir b wSemsfiduda
o a a o say v ° ' 1 4 v
fuFrC i@ quamveandaduaii 1dezd1nimnasgiu u anumuivesntsindeudae

asazans Entek Toglumasiidmuanse liminaue

2.4 m3UTugaunmesmsazate Entek [7]
auiAveIaIaLay Enek d1dgaogmnmued FPC uazilasuudaimussesnaives
Y - ) A 4 4~ aDd 4
msldnufeeszezinatvesmsldauiuiy dlieyeziiuiwilosnnmssziveveinsa
sa 4 g % 4 1 Y Y
WosunfiiluesAdszneuniialuaisazate Entek dauanududuvesaisazars Entek szanas
9 A ad & ' 9 { S @
msegnldlumaindou FPC unzinsizliin DI vndumoudiey Ywthun edelsianislsu
anududuvosasazaty Entek g9 9w diRamsnnninues Benzimidazole
Ed
15UTUAMNINYBIT1502010 Entek A1l

: ) g Y
1. Entek replenisher 1fiiunududiuvosasazars Entek fosiilsznouidlueyiuives
Benzimidazole LAZNIADUNT S NISIANA15AA18 Entek  replenisher JHARDAIUHAUIVDING
A
1oy FPC
4 a o
2. uenTuiflonlensonlad (NH,0H) uSEnlFarsazmenenTuilonlaasonladaiug

T 9
AMNDYYDIA15AZANY Entek 581319 2.5-2.8 11109910 Benzimidazole §inu3eelalunmsadissu

¥
a9y

voamsindeylugisiiest Srerfinsguiunziili Benzimidazole i Tomannwan
e ‘ad ¥ iy 2 Pl 5 o
3. Entek additive n3SiANLIAHD¥BIA1502018 Entek 793U 9219 Entek additive U$u

=
AANTNLIDY

Yy a

4,711 DI 1o d19@1ues FPC ApuLasHalaazd UAD UM SHAAYEINITZUIUMS Entek
] 1 ] 9
ive 1191 looouriadud ulumsazars Entek A1%indou FPC Tudunou Entek Lad51Su1a
v
11 DI luasazane Entek 1nn 921 1 anududuaeaa1sazats Entek anad 1asaunuIves

MIIAADUANAY



a d . .
2.5 M3AABUNAY FPC fI8asazagdun3e Organic solderability preservative
(OSP)

a a a ] _ 4
msmﬁa‘uﬂﬂmmmmwﬂ%’msauw?é 1¥U Imidazole, Benzotriazole HATDYNUTUDI

aaa a

Benzimidazole NilgasTnseaduaegii 2.8 ieflesfiumsiialgiservondiadusnineuas

4
ya KR A

hilMiAaady uazdedreldmstans lanenauasuu FPC ifaldaay anuvuiveamsdoud
Auauey g9 0.2-0.5 luaseu dnumundinds 0.2 luaseu newmsrzgnoend lad 1441

a

v ]
widnnuruuay 0.5 lunseu wwdunlesmsindeuiilisags

N i
3]
lN
N NH /k
N i
i N

Imidazole Benzotriazole Substituted benzimidazole
‘R" is proprietarv substitution aroup

d' Y a ado [ A a
3‘1]7] 2.8 q%iiﬂﬁ'\iﬁiﬁﬂlﬂﬂﬁﬁﬂu‘ﬂiﬂ MIUMSIAADURNINDIULAN [3]

nalnveansiniion FPC ‘1?141Lsmﬁﬂmnﬁlﬁnmauﬁiﬂmﬁ'mmm"luimsmu“lumgﬁuﬁ'ﬂlm
Benzimidazole 11@150301¢ Entek 1ianiuszialifulooouveineuasuuia FPC dmsums
indoudufiveuiinninlessuromeaunslumisazait Enck iaRuszialifudidnnsous
TaaifioavosTuTasioulueyifusvee Benzimidazole uazazifinnalnmuiilyidesn Fagit 2.9

Y ay
%u"lﬂmmwmmummms

_)/\c\k ;)/\C R ;/\C R —/\C\R

1 9y
51 2.9 Tassadrguvsamsindoudlvaisazans Entek [3]
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2.6 MITpTuDIV09 (Literature review)

Materazzi S. WazAsdz 8] AnyrasilsznouFedouvoslanenoaunasiy Benzimidazole
(CuBenz,X,) ifio X flo Aneiu Tusiiu Tumsa uazdamla nuiesisznouddouiideaty
uazlAoungavgi CuBenz,CL-3H,0 T i3u CuBenz,Br,2H,0 1M1 CuBenz,(NO,), 11a%
CuBenz,(SO,)*H,0 U319

N. Vijayan #azaos [9] ARYINSIAANANU098151/52N0Y Benzimidazole lufavinazany
wmuea nuhkdniiaansszvovesumueafigungites (35 ssruwaiFua) 0619919
fnvazndndunsedimdoudwliivimieses Inseudn Orthorhombic) Huwianinasieue
sgnd1a 125150 Tulaswes fagilft - 2.10 waganmsiinsizinisnudenlasldndnns
TGA/DTA 5¥WI19QUNQ 20600 BIRUFAITod WUIIHANVYDIE15U52N0Y Benzimidazole

a ~

nooumadNgungil 173 esmadea uazaznainiiulefigungd 312 seruvaFeue

Y

s qifsieit

]
.

=®

= v a i
31]71 2.10 fﬂiﬁ]ﬂliﬂdilﬂﬁf}ﬁﬁlﬂﬂNﬂﬂ‘ll’t)\iﬁ'l'illi%ﬂ'ﬂ‘u Benzimidazole [9]

b

Rahul Bhattacharya WazAsiz [10] fAnw1ilfAsetsaendvesasiszneuBadon
Benzimidazole iungililes (n) anolsd nudwinvesmsiszneuiFadou B2 [cucy) §id
fhea wEnvesmssznouFidou (HB2),[Cu,Cl] H,0 UdiAe1 ninuesasUsznoumidon
Cu,Bz,Cl, 118 Cu,Bz,Cl, Td#

K. S. Bose Uiaz C. C. Patel [11] fAnwa1sisznouBadounsilios (1) voel-benzyl-2-
phenyl-benzimidazole (Cu(BPBI),X,.nH,0) tazsiauesainua X Av aaosu Tusiu uazlumsa

' a d a 3 ad [ 1 [ a
wmmﬁﬂiznamwcﬁ'auwmmuuﬁuazaﬂym:maﬂu Cu(BPBI)ZCl2 Lflumnaum%a
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v
= o

[ [~] =
Cu(BPBD),Br, 1ilupgnouiiaia  Cu(BPB,(NO,),2H,0  iWluazneufilisrouih uay
[ °
Cu(BPBI),(NO,), illuwands
H. G. Tompkins i@z S. P. Sharma [12] Any1msil§nseseninearsngu Azole 18un
Imidazole, Benzimidazole, Benzotriazole i1 2-Methyl  benzimidazole nu'looouveineung
wunmaialfasenAvemenadl 3 Anvae LUULSATS Azole szari1aiuse losainfuin
vo3 Tangnoaun daguil 2.11 (n) wuufiaes MamsilszneuFadouvoas Azole fu'loson
YpINDIUAIIIvEs Tanenesuas dagUfl 2.11 () uuugahe iMaasdszaeuiFadouvesas
v Aa £ a 9 1 £ ]
Azole it looouvpeneunsimveslansnowuas Famsisznoudedeudiunilagazmuoog
= v £ 1w g o 4 1da & <
Tumsazans wazBndunilvzdedniuduildunquegiifveslanznowuas fuilduves
Benzimidazole U8z 2-Methyl benzimidazole JAMNMUIYTEUIM 500-1,000 aarason degifi 2.1
()

; Solution Soluton Bl
Sold - Sl w s Y

Solid

® [:? ¢!

(M () G))

JuUn 211 maifalgASnvesmsngu Azle funeanszluuLa1ae (n) 913 Azole A319WTE

v a

lovaiinfudivesTaviznouas @) mstAad15senouiFedouveais Azole fu'looouuoq

nouaInAlveslaneneuas () Msifaa1slsznouiFedouvnsans Azole fu'looouvss

E4

v ad 1a
Wﬂdllﬂdlﬂﬂﬂfﬂﬂﬁﬂﬂg}ﬂN?ﬂlﬂﬁiﬂﬁZW'ﬂ\illﬂﬂ

a

Denis P. Drolet uazAsiz [13] Annzvarsdszneudadouvesnoiiled an fu
Imidazole Benzimidazole 148% Benzotriazole @283% FT-IR 1ag XPS Wud1sUsznouidedon
Cu(BIMDA), {ifun3 Cu(BIMDAH),CI, 11367 uag Cu(BIMDAH),CL, fid#h a1 Tasaari1adagy
fi2.11-2.13
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Ui 2.14 Tn39a319909 CuBIMDAH),C, [13]
1NNUITBTNINEITBIRINA 1IN 1A15U T2 ADUITIFRUYDS Benzimidazole fiu'loaouv04
nouaiideduauduriinvesleosufiadrafuse 1wy @B2),[cucl] SFimaiilesnin
I A a A % e S
Topouveannelsd (EB2),[Cu,cl) HO FfTvuiiosninlosouvesnaslsduaz Tuagaih fodu

el unuanelumsdrsuasdinsziasdudlonlunseuiums Entek



P
Unn3
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VHADUNITAUHUIIU

v 9 v
Tassnuiidsamsmaumguasmsitaesiuioulunszuiuns Entek Noglu Middie
= 4 :
process YDINTLUIUNITHAN FPC  ¥9152n0UAIE 1) Front process 2) Middle process 3) Back
Vv
process UAZ 4) Assembly process lutilosdufinyInnnszuIunislumswia FPC uazily
6’:’ a 'd Adq Yy o 1 3 =
N3EUIUMT Entek MInUUARNEHasalnly dred19asduidouinylunseuiums Entek
Y a d v a 3 a r'd 3 =
uarnsgrdulsveamsifeamsdwion vianamsinsiedarsdwdeunnulunisnaaey

v 9 a va =) = o A
szﬂwmﬂ;]mﬂmﬂsammmwwu“lunszmums Entek

d 4

3.1 mydnsevaurguasmanamstuifoulunszuiums Entek

3.1.1 finmdnyasiasusnannymsuileu

a d a a [ ] & 3[ s

3.12 Aasgvydauazdsuia Tangludedeasdwdon i DI uazansiafinieg lu
NTZUIUMT Entek AI8IATDI ICP-OES U Optima 2100 DV AS93PLUS uagiinsizrmyilasiulu

g v A ' . . ad o S A ' 9
astuiloudlenies FT-IR Ju Nicolet 6700 (111 DI uazansinfitiufuag 2 as fie Frudam
10.00 U. (AYFNUIBIAT15.00 W) SrwazBealaznanmsvednsediiodnsiziuaasluy
MANUIA N

3.13 szanaueuneidung il Idvosmsifaasiuilou drounuginansaung
uazwa TaeldMann1s 4 M (Man, Machine, Material, Method) az3ins1zvdaulsiaaninasns

9/
msnaasdutlonlunszuiums Entek

3.2 manamevluszaurealfiams

DONUUUNINANDAUUY Full factorial design [14] vy 2" 91ndulsNa1aLHasons
a 1 a d g a A [
lﬂﬂﬁ'liﬂulﬂ@uinﬂwﬂﬂ’li’Jlﬂi1314@’381&?414{]1!Llﬁﬂﬁﬁ’ltﬁmla%wa ionagouluseay
a wva cb o a Qv
ﬁ'mﬂgmmsmmammuﬂizmumiwammmw

d 1]
gunseluazmsadinly
A Y o [ a a ] a o a [ a ]
Lwsosufdmivaionasiall 134 Innes Yula vaafadSuins vaagdyuy

J [ 9
NIZUDNA UNAUES 1D UAY
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. gadroeqlsames (Wes uagdeussyaisazalo Entek MWNTZUIUNSVOIUTEN dagll

'
=

13.1-3.3

) m‘%‘m UV Spectrophotometer ;:u UV-1800

. feviines

. 81392018 Entek replenisher

. #8199¢a18 Entek additive

. msazanouey Tuie Wudu 25% TasSuns
. msavaensanesinidudu 98% Taelsuag
. msazaensaganIsndudu 1% lasdSinag

o
10.441 DI

! o 4 @
31 3.2 gadranagnsaluaGaus59a1502a10 Entek
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v o

31U 3.3 §98100989055991502010 Entek

IEMInaass
G~ Yy 9 A Y o a w a
119380 13a%a18 Entek MuAMMTN49Y A0y @ uton1vuaveduSTn s1eazidea
HEAa lUNIARLIN ¥
2.11a158%a10 Entek Maso ldumaaaudiuilsuaznizaiunseoniuumsnaasy
a Y v o [ a 1
3.4HUAI981981502810 Entek 0 1 92 Tug wriannududu gaungil uazmiies uaz
o A A a 4? o ) A a 3 <3
Funpamslasuulasidavy Kimsnaassauasy 4 ¥ 1ue psdipaaistuilowpy
dvdeliAnseriianazlSua lanedlunsos ICP-OES U Optima 2100 DV
AS93PLUS Hazlinsizvnyilendudioinioes FT-IR §u Nicolet 6700
4.¥8391ANAADUATY 1 ¥ANISNANDY KA INA0IAgAsI1aDIgnsaluazfauTsy
EY
1582218 Entek @rm1sazalgnsasanasndudu 1% laelsuias uduanaliedna
9 o A o A iy ast ja wa a
wou 3 ¥l et imsnaassinnzdude 1l awdtuidaulunszuiumseia
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4.1 awna il ldveamsiamsiudleulunszuiums Entek
msszanavoudfionseiaung iyl 1dfamuavesmsifaasiuiloudun fiine
wazdiinalunszuIums Enek  19Mdnms4 M (Man, Machine, Materials, Method)
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) a ) A o S A v Y 1 Y v
Arounugiiuaauvquazna  udaengli 4.1 agdaunadidgineides Taun aawdudu
gunQl uagmeBUIA15AZ a1 Entek Mg lusisiinruguy
A ) Y v v O '
n. auvgiawa Ifanududuvesaisazats Entek Tioglugnsiaiugu sy
- wilnaulunszaumssans1vmssuvselsuanududuvessazaunn
3 4 1~ [
- oAl TuaeudulunszuIums Entek nszinudinnludaussyasazate Entek
v ] v )
¥, aunghdanaliguvgiveseisazatw Entek Tioglumisinaugy msizutaniunies
AIANYUNHNVBIET0AY Entek 1Y
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A, aungiidwalimesuodsazate Eneck Woglugishaiugu wu
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- daimsga levesnsanlesiingailiaisazate Entek Hn1fiosgaiu
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- maduasazatoen Tuidioy leason lodiNoi a1 fito¥¥o 981582870 Entek
- MIANEIAzalY Entek additive 1NDaaM DY UDIA1TAZAY Entek
2 S o i 2
- 3t b1 dwdhanludewssyansazany Entek v ldmiiesvesaisazato Entek gaiu

g a 1 a o P
(1W512U1 DI ll‘lilﬂ’ﬂuﬂulﬂﬂu @‘Nﬁﬂﬁ’nﬂ'ﬂzﬁalumﬁ‘lwl 4.2)

3/
wumsUuteulunszuiums Entek dnvaniunznouduni §u1e uazveunaniad
v 9 1 1]
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sHAYDIMS Cu(mgl) | Al(mgl) | Zn (mg/) Cr (mg/l) Fe (mg/l)
AzABUTY 2.324 0.059 1252 0.000 0.095
AZADUNUN 26.28 0.053 1.746 0.004 0.131
voanamiiadiea 11.248 0.045 2.493 0.009 0.092
©®1302019 Entek replenisher 514.700 0.045 1.410 0.009 0.264
#1582 Entek additive 0.168 0.030 0.000 0.655 0.054
¥ DI Sudu 0.159 0.025 0.908 0.003 0213
Y111n Water curtain 0.082 0.023 0.958 0.003 0.027
Msaga1y CPE-750 562 0.371 1.036 0.021 1.495
DIl 0.105 0.016 0.489 0.003 0.031
DI2 0.061 0.078 0.492 0.009 0.151
91302210 5% H,SO, 1.420 0.063 0.877 0.005 0.148
DI3 0.055 0.048 0.642 0.004 0.040
DI4 0.007 0.044 0.333 0.002 0.012
#1380 Entek 77.180 0.065 0.495 0.054 0.198
DI5 0.028 0.019 0.289 0.003 0.012
DI6 0.017 0.029 1.520 0.003 0.183
Y1910 Water curtain® 0.410 0.074 0.652 0.004 0.195
1982018 CPE-750* 480.700 0.490 1.413 0.095 1308
DI1* 0.314 0.034 0.458 0.004 0.057
DI2* 0.055 0.029 0.610 0.002 0.033
A159L0Y 5% H,SO,* 1.100 0.079 0.484 0.009 0.146
DI3* 0.034 0.018 0.978 0.004 0.023
DI4* 0.030 0.03 0.342 0.004 0.039
1982010 Entek* 71.350 0.045 0.705 0.053 0.199
DI5* 0.034 0.029 0.482 0.003 0.031
DI6* 0.018 0.022 0.220 0.003 0.031
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m319h 4.6 silauaz/Suna Tanzlumsdudloun ldninmsnaaenluszdudenl §ifans
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ZAoUFUN 4.064 0.002 0.252 0.000
ZNOUTUN 37.21 0.175 0.203 0.000

voummmiiadiiana 51.69 0.052 0.124 0.004
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56

anududuiSudy = 93.56 % lallsuins

gaungil = 47.00 DAFNLTAITE

oy = 2.85

ANDINA

na Flu9)
izl fuiams NaNtie)
1 2 3 4

AT (%) 9593 | 9448 | 9433 96.59

gaungll (@arsaidea) | 4690 | 47.00 | 4690 | 47.00 Tifamstuiion
Moy 23000 » 285 2.85 2.84

mInaaedd 16

anududuisudy = 140.00 % Taedlsu1as

RN Qi X 47.00 DIFUHAIT oL

Wio% = 2.74
ANoINIA

nm ()
azlfinms NINeNe)
1 2 3 4

ANIAINT(%%) 142.63 | 14130 | 143.93 | 144.07 | 49Tusf 2 v09m1snaans
QUNQN (I UTAITeE) | 47.00 | 4690 | 47.00 | 47.00 |i1AAvBILHAINil A
Mitey 275 | 2175 | 279 278 | Eimausnadeds






