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ABSTRACT

In order to increase an efficiency of pollutant and harmful gas removal at a
latex glove manufacturer, this thesis presents a technique to implement the real-
time monitoring and reporting alarm system for pH measurement in wet scrubbers.
All pH meter outputs are applied to an existing slave programmable logic controller
(PLO) located on the master-slave network for production process control. A master
PLC is communicated to an operator workstation running the Citect supervisory
control and data acquisition (SCADA) software for sending measurement data
received from the slave PLC. In addition, these measurement data from the Citect
SCADA software are automatically transferred to the statistical process control (SPC)
software installed in a data historian server. Thus the proposed system provides the
continuous automatic data collection as well as the real-time display and alarm
functions. The automatic and reliable email notification in real time for out of
acceptable range of measured pH values can be also obtained. Experimentally test

results verifying the performance of the proposed system are also included.
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ASHARNSANUZ L qma’mmiﬂ%’fﬂﬁugm—muﬁu Fawlaslnoanlys : SO,
gRavinTsue Famoungeslse : SiF,
gnavnTIudand nisdunsieiansduvsd Weadu : COCL,
nsuanmsueuladalis §uhany nissnidovasii asueuladalia




A19197 2.1 (Ae)

UssLnvgnannIsu

Foa1suaiwaInd

ANsHARNSA Hydrocyanic NSWARMEN gaamnssuing

EEGRVIPPHIGH

Telasaulaelud : HCN

geanunssundnde nsyulave Lufueidunid

wag afundd MRyl

woulanie : NH3

Asudnnsiue eanasalnnaslsa

Woavasdlasmanlsa : PCl;

woanealnsnaolss Weanasalnaanlas

NoaneSanwunznaslss -
PCls

nsogaaneda mnanasuszneurloanedd

Woanosainaes : P,

AsHARNTAN Nsudnddau Chlorosulforic acid

paolsgalndn - HSO,CL

A1SNARNDSINAY WY 819FNATIERA LEUNLLUALASS

Wosuradlen : HCHO

NsHAR Acrylic acid B19daATIZA NSHERI1TY

aglAsaY : CH,CHHO

nsuannsaneanain Jonaanesn

lelnsiaunadlna : PH,

Tseanduiiigiu msuaanasundu svinanedunse

LR : CoHe

nsuAndEIUea MaHaanaudy gRamnIIud

gRANMNTTUENEUATIEN Yiuvauan

WFIuRa « CH,OH

gaavnsTuUlnsiaillsengeiiia

Anfiamsuetin : Ni(CO),

nswannaafuzdu gnamnssule lssuaseliunsd

ASAANNZOL : H,S0,

Adou UL a15Adlnens

Tusilu Br,

granvinssuing n1saqelave msduniumely

AmsuauLauenles : CO

gnamnssums aaell arenvinssud ensdansgi

%u@a 4 C6H5OH

gRamMNTINeT d@1siadl

Pyridine : CsHsSH

geavnssuhdulindey gramnsunanIsy

Mercaptan : C;HsSH

guanvnssuRAnvdsAlniues

alwdu : CeHCHCH,

gaamnssulen v gramnIsualiau o

AaeIu : Cly

i seruanumsalnumndsaden wa. 2540 drdnnuuleusuasinudanden




NYVUIENANEIINIANTTINUGARMNTTU [1]
nguuneiieatesiunisarvaulymuaivernaaingaamns sutiulivargatiuuas
Aetesiunaneviieny SeasUlalumsed 2.2

M13199 2.2 nEnekaEvilguing e

ngumaﬁtﬁm%aq wiheeuiifeatas

WL UUREIALIIY WA, 2535 N53lFNIURAAIMINTTL NIENTHOAMNTTY

wigTeUnaPnsliaugnainssuwme msflangranmnsIuLisUsEnAlng nsensn

UszAlng w.a. 2522 RLGRGFEH

WigTUARdLaS LA VIR SN T I Akar tuanden

AINEDUURITIR W01, 2535 (Audunsznndneiaanivaluladuay
Aanndaw)

NIESIVUTYSURAENE T EUEY W.Fi. 2535 NTENTWATITUE

Ud‘

ngeatiudy q Aiertes
Wi T1VUAALT ﬂiuqmﬂmﬂﬁuﬁugmuaxmimﬁam‘i
(Audunsunsnennsssi) nsenss
QUENINTTY

ASNIUAININUILAZ N Ve W

nsguUngnmsRuGeluuinlne

wﬂj a & an ||
© (P TUNITURINT NTENTIGAENANTTN)
LRE U AVATA L FON TSN Wy A A )

1ATFIUNaNYDINIA [1]
mhonuiiinihfigueniuaudyuafivennalffnnsimustiasgunaiivened
Retesngldsmnaniimannuaneveusay gy Fannsyuildtmuatuiuiesn
Fauringuszasdvesnismunuamnna nidld 3 Jssmsdedl
1. masgruganweImaluusseneshly
2. g nAInwasillnuaRuniegeamns sy

3. wmsgiuenmenesluaniulsenaums

1. wesguAanIwaInIAluuTsenmaAnall

Y

wasgruaun e naluussenemluidumsimuasefugunmeinia (Air Quality

Goals) filiifludunsizsvaunimuesuszevy ieswnarsuaiiviiazeiavznaliiia




Supsrereauaeesussrvulfinnutedestutuanuiduiusasssasnanilldsuduia as
vafiwuneihensariildiAanansenulussordu vsiaRanaszazen Tunsinumnasgu
amnmemaluusseniadaldfinisiuussanudutuedefldduuandreivluaia
Franaflasuduiade lulsswalngldfinssmuasunasgiusnninainialuusseinia
HurFausnlud wa. 2524 uazdeanldfinsuszmauiuaiudnannasg uasiaedu
W.A. 2535

2. 1ATFIUNITIFUNEETUARWIINUNAIN LN ARYN9gAEINNTTY

TssnugaanunssufsshnsmuaNNsTENEasuafivgussenialiegmeluinnsgiu
nssruieasivanuvgstudn daduszdudiiavesimamseriududuresaisuaiiy
¥fianne 1 figuseuliiszuiseendinlssnulseinnma q mMuUsEAIANSENTINgREIMNS Y
atfuft 2 W 2536 senauaLlunsEs e RlssL A, 2535 FeansimuaaUSu
vasarsieunluniafissungeanainlssnudmivasuaiivdiuin 15 vda lagiuldds
Fearwaylimusaiiiouanudy 1 usseniswaraumgl 25 esrnigaided aaneasidenly

A1519% 2.3

3. wnsgudaRyaIMAlusaaIuUsZNaUNIs

wnsguvaivlugaudsznaunisiiunnsguiivssmalaensensoaumalnenela
UsgnAnsensisnalng Gosanudasndslunisieuferiunnziindas (@il lag
maenszoziavulndnelugaudivsynaunmsfitignineinnuagivinaanududu

fasansiailuusssaniamesnsitnulaseasiunIeinua lule

A15198 2.3 ATFIUNTTILUIEA AR INLINUGATINNTTUYRINTULSINUAAMNT TL

(#annz 25 DIFLTATEE LagANRU 1 USIHINE)

Usznnansuaie unasTlunvasansuaie ANNATFIUEN./AU..)
1. uazeas (Particulate) | wiielevrilldideunda fsil
- thafuen 300
- anudiy 400
- oAy g 400

N150@3 vdevasy AR 0

WAY/%38 HAMWANNAN

oxglillon waznmsudaialy | 400




A15197 2.3 (A0)

Uszinansuane uviasiiunyp s suafis AMINTZIU(UN./AU..)
2. wade (Antimony) AseEmvaly 20
3. @199y (Arsenic) msudarhly 20
4. nasuna (Copper) N1SUABUYIBNITARY 30
5. agfi (Lead) nsuanTly 30
6. Aaa3U (Chlorine) nsuanTily 30
7. lglasiaunaelse AsuamAlY 200
(Hydrogen Chloride)
8. Usen (Mercury) AnsHAAT 3
9. msuouNausnlyd nsedndly 1000 (870 ppm)
(Carbon monoxide)
10. nsANNZHY AskAATLY 100.(25 ppm).
(Sulfuric acid)
11. lelasiaudala msudnagily 140 (100 ppm)

(Hydrogen Sulfide)

12. daeslneantun
(Sulfur dioxide)

nsudnnsadayani s bl

:!f =Y ¥ w'J @
LA b UL

1300 (500 ppm)
1250 ppm

13. eanlgavaalulasiaw O

o

wialeunNldiama fail

lugdlulasiaulasenles) - iy 940 (500 ppm)

B AR 470 (250 ppm)
14, lodu (Xylene) mseEnTialy 870 (200 ppm)
15. A3gaa (Cresol) MskERvlY 22.(5 ppm)
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2.3 anfuwasuuuen (1], (8-9], [11]

anfuefndosruutiaemasuuidenidudnuil B alddmivnmsidnansuafiv
p1nalagannsaganduliléfisveanar vie msazarsuisule Jansmunuineuasle
nuvdsidadiviliiAnansuade Tasly weuAsdmiunismunufeuaslefifed

1. asuaiworneansagedulildlasansgadufiduvesuds

2. asuafivemaanansagadulildlaeveavian videasavareunsyila

3. asvafworadsugululd lasnmsunvhanefigamadgmtanisiiaielneld

fuswizeniendsusuuansduilidusunse
4. eududuresansuaivernireiaanasld Tnenismunuiinszuiunsudnuionts

AUANAN LN aNLaerLn

Sduusndmiumsiasunlunisaauny giueInmuAai 4 deu Tagazfeadils
BosFiSevmaadl uavaunaiadl tiednfeulvssdussnovuasaaindenlsimnzaunud
foans lunsdfinisuuldisa 4 lilinaudriaagiarsantensldaunsaithdauaiems
g e Jeitldlaeialuil 3 swuu Ae nspadiu. (Adsorption) msgANdY (Absorption) uay
nswvhate (Incineration)

dhusruusRonadsiuendoregludiuvesguasaiintauafiunnse imauyy

=4 o =l ] [ A=!(I
msganau leeliseasidunlnedanid

2.3.1 MINANAY
msganduduisiwwivarsdmsuldttnfiaifignudes senunannszuIunswds N

L= o/ = =!E‘ 4 A s 2] 2 ! 1= - o ¥ =
CﬁﬂﬂaUﬂ’leﬁﬂlEI‘?J@QWFE’I']'%]%LﬂWU‘L!LN@MﬂﬁﬂJWMﬂW‘IﬂM%@QLWﬁ?M@E}ﬂ’J’TU'ﬁNWﬂJVW]’]IWLﬂﬁE‘i‘JJﬂﬁ

AT an1saraleNdusl §a3n1sganiutuegiuguesdsnaniu (YeanaiInie

U U U

@

d13azany) wazasgngmnan  (Mevitele) msazaneviensifindfisemualidsiuegiu

AaudRn N MY gLaTYedaY Wi MIUNS ANUNin AnuvuLlY uazfadueg

U

o 2

Auanmnzvasszuugandy wu gumgd dasnsivavesiguasvasnal mganiuazifald

Qs ! 1

A Weguuglidnas Wufdudauinlu dadiusenitveanaiiasinwgadu mududures

8 1
s =

Aelusniadenniy nmsgandudatulifuuunmenmazuuuied Tashluinldindu
vesmmildganiu esniefivuidousnazansludle Snisdeanunsamlfineuagsien
gn

Packed Column (uirdasudunuuiugruiigminnlddmiunmagendufing Packed
Column 2w¥in1snszasveamarfidufgandumile Packing Materials dusiliAn

fuifvunalungdusulifisuasvaanarduiaegwiaiilos warnszuavesineluiouazgn




i |

[ oy

Uaeariimmenuaiives Tower uazlvaliug Packing Material dauvaaivaniush

&
]

gonaussgnihidmefuuues Packing lnedsawUsd uarlnaasg Packing Material Jaiiax
iussamBnmwnsuiniigesn mavinmsdeasfeudeulinniigauasltmeduduia
fuvsananfilufgandufiazenn LLax’LﬁﬂismuﬂﬁﬁwmLﬁmiuﬂaé’mﬁwuﬂﬂ%ﬁﬂawu@a
itgawe dnwauglassaiheunsyuu Packed Column fiwuleevily wandluguil 2.1
Tagusvasivdnvesniseenuuuneduidmiunmsgandu e Msfmuadasnisiva
YIIa1e MsAuILmTUIATeIgUNTal WU ugudnae warmugsuesnedu 19
wanzaufuivihazanedidenldlunisganiu Tne Packed Towers fiflvunnuged
winganiunsldau agliusedniamlunisirtafelid nszuarasfefivdeseanu
wasUnrnneynaiuilausy msld Packed Towers Wusruuthianewinereuldes
fepangdduwaindey veamarfinuudmiunszurumsivatulazvesanann Packed
Towers azgnandugnizuaunisdnass dnsunsdrdanauveavaaiildnudulaeilusn

U

14 Oxidizing Reagent 1y Tusumaideaiasiuenium wis ladeulslunaglse

Gas out

/— Pressure
measuring port
Pollution

measuring port /| Flange
" 7 Liquid in
e

Mist eliminator

“n e i
‘t, 1 ,\‘ 25 pAd
Packing
Pressure
measuring port RN L,
Pollution distributor
measuring port
]
A
Gas in R ':. —  Liquid out
LER LR, Pump
) @D

31]17; 2.1 Packed Column Fiwulagiily

Packing Material \Juiiladfgyvessesmsgandu TnevlmAnfudifadwiunis

CYY]

= . 5 = o = =} =§J i o o
AnNaU Packing Material LWuNI9INAU K50 NTeLUDY LLM’Luﬂﬁuumnmmmﬂwmacﬂﬂ'mu
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mnufeuiiiaumuiiugs wu Tndeditu weelwdlnsfidu Tnednwagusiwes Packing
Material WUUA 7 wansaguil 2.2

nsiden Packing Material fnsarldnnsssufvesteudou juuuvresmsduia
wnavesingandu uazasilinuiu fufifvuelvgde 1 gnuiafiums w83 Packing
Material Midmunsiddsuguvesansuadie mruduanifisafesiuuiunames Void Space
11 Tower sidaiRu Packing Material uw& Tngunfivuinuas Packing Material filwajnindinay
FlAnmusuan (Pressure Drop) fitfesnin

Packing Material anaazgniniFedluindesganduld 2 uuushefu Ae s1anssuuudu
vinZssuvvaunns Weveamagnawsdliuninszarewile Packing weswmazlvans

auanalumuusalduiwedandiluly Packing wazlwarirluludruidussiumuiiesian

/

1/4

J

BerlSaddle Intalox Saddie RaschigRing

RessingRing PallRing Tellerette

g‘lJ'ﬁ 2.2 3Us7983 Packing Material

2.3.2 AMUEWNTAUNMTASANEUASN VO UTUS
Yaduddnffinasenisganduasuuidou fie mnuaansalunsasaevesesuuleu
Taeauansalunisazateiudued fugumgiiagAUAUYBISYUY ANNEINITIVBINTT

avaneiildnisiafiannivauna (Equilibrium Conditions) lneiausuasfiteuasveavaily
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awugla uagiefsliszarnammiaudinanesfieiigngendudiluluveanaisinfiu
Uwosansavanedild m eilaglifinsiuougivesansuafivdn wazmnududuvesinely
dnfiduimuarluduifuveameavasi Aosruufng - veunefinausa

nQUeNEd (Henry’s Law) anansalivihuisanuannsalumsazane (Solubility) dle
amududurasignazategniliidensasinn Sudunsdimlulumsinuafumeanme

Wweuldssaunisealdd

pE= H x (2.1

dle p* fle Amnududasveiipnazany Nauna, Pa
x fio dnduluavesingnazatgluresmad

H fi Ameiilunguesaws, Pa/mole Fraction

ngvetaLSaLTaTBulABnLUY Tagm1s9e 2 919U8eaun SAEANNRUTINTIN 19
FrUIaUMFINATUANNIUL B8 IAE AYINAUTIN FainAy dadruluanesnig, y*

NnAuSA (2.1) aReuluallaan

= O (2.2)

dle y* fie dranluavasfinglunizaugadivveavan

H fie Arasilunguonsus, dndiuluavesleur/mole fraction vasuaLman

=

o =4 ¥ of [ = = as = [
dmegandultieanzaugalunsaiiiunsats Yssdnonmmsaninuizanaauiuy

' '
ada =i

aAudfigaiiu Faifinsndeuguvesmsuaiwiedu BheTgalunsinsginuaiunse

Tunsazane Ao msldununnaugasendne wau X Fududadiuluavesignazaneluszey

Mluvosnan fu unu Y Fadudrdrnluavessgnazanglussezfiduvesine

2.3.3 F|MIaNIUY
TunseanuuumsganausismsuAfmuUsngldnu wu dasinslvaveseiniaids
wasidafiresnisiitn gungd Anududuasuafiviiidin wazaududugayined

o = ag v = P i o 4 @ =
foen1sTeunfldamnssruliunaa suafiviiszuigainvassdunas lundnnishenis

!

vrdmiielfegaslduinsgiuvesnissyuisuaiiv dsfidesnisnsiulunsesnuuussuy
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aandu dasinslvavesvaanaivieaisarareganiu duiugudnasfivanzauasve

gANau wazmMIugwastuiinatswemegandy lnednuazidenlngdedad

1. MIWBRSIEIUYIVRNRAIREIY (Liquid to Gas Ratio)

Zefmasmuramidudidussnlunisesnuuviie Sasnsina waresruszneuves
o edeuazvasmmilvaingszuy myvhaugamadumedaiitunlfifednmdan
mslnanazasussneuemeslvaiiduareenainssuy muaun1swdl

nfuluafidn = nfuluafieen andeuldi
Gl(in) + Lyin) = G (out) + L (out) (2.3)

e L, fAe snsinmislvavesveamas, nsulaa/dalus
G, f® dnsimsiuaveseine, Asulua/galus

o |

Tuaumsd (2.3) fimsimusdausigiuil msravesineuazsaavailusiganduay il

<9

m'suJﬁauLtﬂaaﬂ‘%mmmaﬁ’wmﬁﬁag gei e A ——N) s‘ifbmﬂuauuﬁgmﬁﬁ'\ﬁﬁy
dfussuumunuuaiveImA Fanfinaresdsuidouieasuafivesdudadiuiiten
ynFsuiusasInIsivarese nAkazedval faegitu eantrdelidasinisiva
10,000 m /min fifnadaimeslaosnlades 1,000 ppm senglifnedameslaeenledey
0.1% TaguUSunas lnefldasnslnaveasuaiuluenniede 10.0 m’/min & Scrubber
Y52ansa1n 100% é’mnﬂﬁlwamawaaﬁwmi%L‘Uﬁﬂﬂ;ﬂﬂﬂ 10,000 m’/min i Gy WU

9,990 m’/min % Gy

GlY1=Ys) = En(X3-1X)) (2.4)
e 1, 2 Wuawuansiuwmisuasuassiuuuwemeganau auady

Vi ¥ = Lo G =% ) (2.5)

d{ =) s ! LY o = -=°:
e X Ae dadruluavesiaitazangluvesviaiuians

Y fie dnaruluavesiiazanslufeias
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dieaunisiudunse dullaziansunfsanmnisidnungluiganiu dennuduves

ldunsetlfosnsinisivavemasvainesnsinisiva ¥se L/G.,

2. msmUSunameamandifaanisluszuu (Liquid Requirements)

Tunseenuuuasdutigandulnediuunnagliviummesfrefiazdesinnisuita
Gy wazarsududuveshazanefiazidngseuu (v) Wudimusanimwnisieu e,
nswmanudutusmfianfunasguszeedlissuigeeninld (v) wasmududuvesans
waiwluansazanegandu (X)) wieanniaduugnliviiumud fansazaneiulaldy
ansazareiigniinduuldlnd nnisiifeyailuifleusuidunsaugavesuasil
annsnUsznadnsnisinamanesarsazatgenaufifesnisiiedoudoasuaiivain
o madellegluarsazatssunseiaaisuafivluoiniadedaraudududulday
nasgIn (V) JU 23 wanaduminadiniuneganduuuylveaiums Weldsnsinisiva
vounaFeansazasganiutiosiian anududuresansuafvluemadeidissuy (v)
é’aqau@aﬁ’ummLaﬁuﬁéﬁuﬁuaamiuaﬁﬂumﬁaxmﬂamﬂﬁum%amaqmmﬁaaﬂmﬂi:w (X max)
YeuvmiieeninszuaBufwaslianinsearaisa siafulfan yenanesiivvesivan

wWnluluszuu Feesunglesiegn B vukduauga

E‘Uﬁ 2.3 NTIMLERINISTIIMUASRIINISIaTB DM

= o =l

Anudurondufiainsyvinegs A way B uansfisdnsnisivafinniign ddlugud 2.3 use

9 U

fuimdeunsazangavanadugudfiyn B Anuduvadu AB JAWINU (Ln/ Grmin
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'
=

dmiunisidauade dnagldldadndiudnsinsive  (@a1sazaredeeinie) fisgn

(L / G WAz iRNSRTINSIvEvRENsazanelinnIAigadang s Tnevhlududniia

Samslvavesansazaedn 25 fie 100% VnAELGBINIAER WU slddadu 1.5
' Y | ° - A I v oaa o @ ]

Wheesidasdiumgauesevainefiig wasmifuluduifinnutuiuy 1.5 whves

(Lo / Gdmin B0 Tutduildlunseunsfeanimmsinustwesasganauluseuy

3. AIMIEUNTUALENaNYRMBgANAY (Pack Tower Diameter)

densuidflansedaladinazeanainszuunarlifinsfuindnsinisivaves
asazaeganauLaiuadnnIsThewesssuUliud duseluenisduiamunnes
veflmnzauiuanensivavestssmaiarernia luniseenuuumsivmetivuadidnus
annsoveldmudedlaiitmun winsflaauueiuiivihdmielinegandulivuinidnas
waflamuniife anudesonafiifianeindiudstudiuuuveveargetutes
L.Law‘jaﬁ@mmE‘nﬁqwﬁwzqaauﬂixﬁaawsaxamamﬂﬁugﬂﬂizLLaammﬁulwaé’au%’u
yaduuureme arusaildend emudivnadeundu (Flooding Velocity) Tuvadifae
ldanusaldaunegandulagldmnuiiivifiunieiiundt Flooding.  Velocity fadulng
wdnmaduiuausnawemeingnden felildnauFrveserndlunelisfigsnesionis
Hostulilhdnnsluadouvesvailuneganiu dslaeiluinldman i 50 - 70% ves
Flooding Velocity iHunmusilunisosniuy

Flooding . Velocity Auegfiudnsndiunisluasesupsmaisesinia anumilaves

yauvial Anantfives Packing Material i Ussiavnuazyuin Msileni) uasiiuiiiasie
USumsved Packing Material ithwnla

4. ANUGIVRMBUITIAING Y

dlonsvrunaduiiugud natwsineudafosdianninugave e el Kl
JszAvBaTnasnsganauasuaieinesnts ssamgdluiitsneieaugevestuiag
fanane (Packing Material) fuiinizdavasvesman snnsganduaisuaiiwdriuly
yoamaritliuininlafiBadesnisuiuinmesTanfinansnntuminty feodradu wn
faan1sidn SO, aaﬂmﬂmmﬂLﬁﬂﬁuﬁaqmimm@waa%ﬁaﬂﬁ'ma'mmm'i']miﬁﬁﬂ
ARy (CL,) Hatiiasanaastuainsoazanstilédndi SO,

nguiildluntsdnananugosiuiagiinansdiegvarongud lnvdmlugd
amagwﬁmﬁmﬁLmi'nism&maqmmaﬁm%’ﬂﬂiuﬁqﬂaﬁaﬁu%’uagﬁuLWﬁlﬂaxLﬂuﬁq

AIUANNTZUIUMIAANGY
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5. agundnmsddggluniseenuuy

%
o <l

TunseeniuusyuugandumIslduuImensil

1. ;i anudresmadeluveganduilifulaeiiluareglugi 09-1.22 was
Ao (3-0 WoAuni) nirlulitudnansiifusniiamsldamiudam uaddmugs
Tutsmgadiailulifudnandidunanain

2. muduan auduanateutu Packing Material duiunegandunafive1ne
Tneilufuerlndifestu 025 daddenslunsdifmnasiiduenia wazwhiy 02 danh
sonndmtuianarsiidunananin dmsunedifiduiugudnarssuelngiudniudodd
shnansiidvualng drunefifiduiugudnarssuiaidniasldsnariifivurndnls
donnceariy

3. dasinnsine dnsushnansilunanain Snmnisliagesvesvaiuas el
Tnehluazeglugas 7300-9750 ke/hrm’ (1500-2000 to/hr ft) drusnansilifuesidinay
figmmmsivaretweunatazAiwedludas 244044875 keg/hrm®  (500-1000  b/hrft?)
dmsuineiiganaulfointu mstiuuslidnsinisivavesinediaruazdnsinisivaves
VBUNEIAITEIANES

a. Usinamesvial e lumainAdasidumgassmiweavenduinedoninan
ausauakazmsiiansaluaniwauga lunsuURIN1Y Absorption Factor HA15¥Ming
1.25-2.0

5. ukugudnasesviagandu devisudnnnislvaveseimeaduasveumeiivh
wazesnanszuy wagldmmunmenududua suafiviissuigeen nivedevessanans A
aunsafmuamdwuguinaivameganduld lnaneganiuazdedvuinidudiu
Audnansfmamngunszuae matazvesmalaeiiliviliiinnislnadeunduvesve svan
Tumsiduszuuaismsidmmudomalunegandulugag 5075 % vesmnusafivinliiAn
nsluadioundu (Flooding Velocity)

6. AIGITBIRINGR AnsNsaRIRALRENINIINEIWes Packing Material Ananzauiy

nsRANauEnTUaY

2.3.4 NIATIVERULAUTHHUANTIOUSNITINNUTBITZUUNSYANAY

Tunsldnuszuuganduaisiimnsiaaeuiarysufiuanssousmsiuvessyuy
ganauiitelisruuganduannsaganduamafifian suudouldeenediussansam feeguly
597 2.4

1487789
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M990l 2.4 MINTITERULAZNTUSHRUANTIOUENTINUVBITEUUN TRANEY
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;; Gloves Ll— A/QC ‘ Start
- J LQ 2 )™\
“ Stripping '—" F(‘:‘c]':amensjrng \
A
Post
Dry Oven :
A N

Paost Leach Rinse
Cleansing

7 \

' : Coagulant \|
Chlorine j Dipping i

J

1 Vo
| PostLeach | | g ::gcl;:_«:ll:lt
A /

G _—
t Main Oven = | i LEIItEI-
hiiinics’ & Les )
 Latex. \ ‘/ N —
- Dry Oven e | b Compaunaing i)

f TINT

JUN 2.5 UNuNIWNISHEREAilogns

9IngUTl 2.5 nsoagUnsguauntsrangeiennelasall
1. ASEUIUNSAAUUURLN (Former Cleansing)  fialdandunssuaunisdrdeun
Tumounilsvasmsuangaiiosts duuuiiavanusn aghlvgellofindnenndild UnAiniei

L3

ANEYaIARUURLR (Former) a¢lgnsm (CA Cleansing) wazana (Rinse Cleansing) Tunisvia

2

[

AEzen MEnTuigseensEazen

2. NMs53uans Coagulant §9 Coagulant 1Juansdrumaniiinain CaNO, uda CaCl,
waufu CaCo; ufluansiiislumsiuiveseymansldiduidestunisiouifiod e
gamnivosnuuiuifiuadluds Coagulant Hesfigumglieglutis 50-55 sarmwaidud vite
Jostuinensdusndeanin Tneundluds Coagulant giinsniumasanalfietesiums
Aanpznauwed Coagulant wazlvalulufiemadeaiufianisveawuuiiun

3. M15aUWAS Coagulant Wun1svhlkans Coagulant LLﬁadauaqaju’Luﬁ@ﬁnmqLﬁ@’lﬁ
Coagulant WisiAdauRnfiuLUURLN

4, miﬁjm{fwm@ (Latex Dipping) Dunszuiumsiedeunsuiduthens vusuuiiwile

nszuunsiieldindianudidguinlunszuiunisndngeiions insznunInwedgiesns
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2
= 1

muaqﬁ’uﬂ'ﬁxmumsﬁlﬂumﬂmj Tnedadeiiinasonmniwgeianns fe gumgliveauuy
fak prstlunsasussrhauuuinn waeanudiveniendlui gamglivesiiens uay
AR Compound Fsdsthentazdisseenuuliifimsnmuuuudn Wedesiu
Lilvhesanaenou uazfesdinisivanufiemaesmsiadeuiivesuuile

5. nsauws Latex iumslianufewilifldugsdienswimennaielianunsasiu
vougsiionnsld gumgiilu Latex Dry Oven iaveyiiuszana 70-130 ssmniwaidea

6. mydsitdunile (Pre-Leach) wdswnmstuguludniens unsvedramsiadi
vudeueguuions uardadumsanuiinalusiulugedednie lnsgamgilumsdiees
9g5ENIN9 60-90 BaAAITYd

7. msthuveugsite (Beading) vismnmsguludnhensasiidnuasvoulivihiuasl
e suiwougeilaliludause msdhuveugeiedadunsundymdangn

8. N5EUWRI (Main Oven) (funiseulisrsuiaazviliesasguidunszuiumsd
drfySnnszuaunisuils Adwmadeanuidusmedgifiosns Snfanszuiunsiidu

nsrvunsfidedlindanuuniianvesnsnan Wesandetldgumgiorgsewing 100-150
saaided warldoanedlu Main Oven dumds 15-30 i

9. M$413 (Post Leach) #A%1N80N1I9IN Main Oven gadlounanaayiinsanavsequ
ditefiagasanmussgeielliufumnuindenuly

10. msunaeiu (Chlorine) Wumsdrhaazein msshidielsafieraaziiniuain
nszuIuMIWaN gamnliiiliavagiussunas 20-40 sernwaive asannaaeiuduasiad
fdunne Silnsduianiegeelenseiiuluvinatieseassdmanseyusontsszaeifies

=

sl uauna kazinnsletiu dlunsaiildduluimannnezlinasruumsmelaused]
msgatuszuumameladiuiy wazvenuanild dafufilidwiuaasivesdudsdad
szuugnalenasiu Falanduguil 2.7

11. Ms&a (Post Leach) ifunsdrsdwidanniidunastusnudn vielilvinaeiuindys

fonnfiuly e1vvzilvdgaewdeudallaniiula

& v

12. M50UWIAY (Post Dry Oven) Wumsauwissaugavineielgeilofiiunisdn
a v 3 dAa | v = ) o e -
Aap3u a9 Mdoniuniseuniednass wagn1snenaglaayain Tileni
13. msnengsdle (Stripping) Msnengadiaidutunaugamelunsyuiunmnangiiosns
Tnemsaenazldiaies Auto Strip uniasmengaiiefioanuuunilaeaniz Swazldauluns
Whldigeflendumuudildnmauiienangelio Wumsadadunszuiunsuiingailesns
Wesanlunszurumsndngadisensiinanuntieiu Imsldraeiuifinududugs
Uszanm 0.3 - 3.5 ¢/l Juedfundndaeiluudayiu vlidleraeuistulunszuiunisuds

v
L Y | U _s

denansynussnafivnisainiasasudunsededldduiaviegany Auludinasiunasd
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2.5 Programmable Logic Controller (PLC) [18]
fueadidugunsaimugumshauresaiasinsudenssuaunisviausiig 4 uwudu
(Sequence  Control)  fianunsadoulusunsuls Ineneluilulaslusieaises
(Microprocessor)  i{luauasdensiididnyfvead Tduiidudunm uaziedmadfiannsase
sonluldaulaiud Taefnsataniaaindsing q awsadniudune druednnazlise
senlumuaunsiuresgunsaindeiadesdnsiifudmuneg lunislénuazdestinng
fvuaddunismunn tasnisadadeulusenisteudulsunsudnds wwu Ladder
Diagram WlUlufiuead weninid fweaddianusaldausuugunsaitu 4 1y inTessu
1§l intesiinst Fdludagtuusnaniiueadarldeuuuuifien (Stand Alone) ud &s
annsarefiueadvats o ddidefuduedorts (Network) lieAuAuNSYLTBISEUY

iUszanSanunndauanaie

PERIPHERAL
DEVICE
') 'y
______________ e e e ] S o ———— ———
' g
|
| : . |
: PROGRAM DATA :
} MEMORY MEMORY :
| IRAR |
I |
I |
| I
WEIGHT SCALE -'_.' -—.—L’ -
I =< OUTPUT 7=
enconer sh=op INPUT) rmhy CPU |t ST 7§ COTaeTor
' UNIT !
| 2 1 s s0LENOIE
SENSOR -J'—.- :
sic ]l | —r' LAMP,

JUN 2:10 lassassivuguiiuead

NFUT 2.10 fweaBaeiilassaineiugunadl

1. wseduwm (nput  Unit)  Jeqtudivend lafinnsimunlvllanuansouay

o Qr

Usz@nSnwgaluann Feanansnsudynalaviadygaluguwuu ON/OFF wiedyanuuuy

Digital wazdeysy1ad Analog ATUFUQIMNIATFIUANG 9 WU 4-20 mA, 1-5 V Uag 0-10 V

o

\usu Fequnsaldunniiling

o | = s

enldun wSenddnaind (Proximity  Switch)  TWlaaindg

o

(Photo Switch) waziuiasnsaaingaumgil (Temperature Sensor) \usiu
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2. wihee1awa (Output Unit) vimwihfidudeyaaindivssinanaudidwtateyaly
muaugUnsalneuen Wy muaurasaln vewes uazlvdueedinda dudy

3. wigUszalana (CPU) sgvhmthfimuauiazdanisssuunmsaunavuanigly

o =

= a1 o a v = = o ° ' o =
ruufiuead wu msdsbiszuufiveadvimumumdengnlusunsulilumbeaudgig
Wihgau waznAduaeIsne Ludiu

- Y

a.  wiheanudndussiusgneunidaitd Aymalfiduiiivlusunsusazdoya
whamuitnelufivead wlseendu 2 diudes Aa Program Memory (ROM) LAu
Tusinsudaszuuau Data Memory (RAM) iiudeyavdeluunsuiiiinmsiasusdasudlanis
MuveIinead

Msvnuasy 1 guuesikeatiiandt aunulvd (Scan Time) Tunsaunudiveadasidu
Sdunmsaunuie Aueadagimannvdevamuzvesdunridhuiluivead w@daudafiae
thiondunaluussnanalusunsddunsidiinessiudoulverlsta ustodeduda
oendlstig ndindufviudsanusiosing Wevhnuaunuasy 1 Uiz mMug Uy
Tlw msinuesu 1 guiSendt msasaulng ednfnsinuzsunnduliben
Tulesion wilun Juegduiuvesfivead

TssnudngedeniildvhnisAowidléfiueatves Omron fu CJ2M CPU31 finisiey
aunulanit 500 ms esmnnsguiumndngaiiesnadiszuumuaniidudeusieddunnuas
o wmeuInIn Seihnsdenfiveafifiunuy Rack Expansion dauandluzudl 2.11 ans
fnsosmnalasadnvesfinead Buanmneiay 1 C2M  CPU3L axvhminfimunuuay
fanssruumsieuitmuanisluszuufieadluntsmusimsangiio g waneian 2
Data Memory ﬁ’l‘w‘%’ULﬁUﬁ@;&mﬁ%ﬂIU'ﬁLLﬂﬁJﬁﬁﬂ’liLUgﬁmLL‘UENLLﬁlﬂlﬂ’liﬁ’N’lU‘UﬂﬂﬁLLaa%
vanelay 3 wheBunnsudyanngunsainsiein o wagmnetau ¢ minglendnm il

Futayandusyananaudasiaveyaluniuaugunsainieuen
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Power Supply Unit CPU Unit End Cover
CJHIW-POICIO (O) CJ2M-CPU3 CJ1W-TERO1
CJ2M-CPU10] (One End Cover is provided as a

Pulse /O Modules standard accessory with the CPU Unit.)
CJ2M-MD211 110 Control Unit
CJ2MMD212 CJ1IW-IC101
(Only connected to the left (Required only when connecting
of the CPU unit.) to an Expansion Rack.}

CPU
Rack

ol

CJ-series Basic I/O Units |
CJ-series Special I/O Units
CJ-series CPU Bus Units

Total: 10 Units max

RS-232C RS-422A/485
JUT 211 seuviineadiildlulssnundagediondne

2.6 EtherNet/IP [19]

Tssrumannsilossildfinu dmeldszuufiveadves Omron WeudeluaSeielunis
mUANNSEUINNMSKAAYATE 9 nszuuntanamtiseiu Taednuaznsléauiveatandy
mivefiuaadnaty q Mudmefuiinaluladnisiens EtherNet/P Yagliumalulad
EtherNetwork - Liul3etnsifoudequninitazaosfiimasieiu-deleya Mldnufuey
wnsvatevhly FegaiutiuluiFendn EtherNet/IP (EtherNet Industrial Protocol) n1elld
P Protocol (Common Industrial ~Protocol) ieliiduindatie vasszuumunuly
gAAINTTY LU Su-defeyasevinsiuaaiviegunsaimunuay 9

EtherNet/IP d@nansouuseenidu 2 Ussiny Tusgiuvdavesdoya Ao Explicit
Message iufeyafiluaulaiiomwesian feyaszgndsiulusinnea TCP/P  wuv
Unscheduled smumsfasvaluguuuy Client/Server @u Implicit Message wiaidundnde
#ile11 /O Message wnsegldidmivdstoyaves VO laudfySesailumsiu-ds
Joyaiuat1eun veyasvgnasinulusinaea UDP/IP wuy Scheduled A1st29a1904A1
RPI (Requested Packet Interval) fifiviug ﬁmamlugﬂ‘ﬁ 2.12 \JunsimuataenaiaAl RP)
Yasikeatiu Omron CJIW-EIP21
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' 192168250250 C1W-EIR21(CI2) Edit Connection % [ )

It will add a connection configuration to originator device.
Please configure the Tag Set each of originator device and target device.

Originator Device Target Device
Node Address:  192.168.250.1 Mode Address:  192.168.250.250
Comment: CJ2M-EIP21 Comment:  CJTW-EIP21(CJ2)
Input Tag Set: [£q TagSets Output Tag Set:
| | ¥ 2
Conn_?gggr? [Mullh:ast connection v]
Hide Detail

Detail Parameter

Packet Interval (RPI) : éUD ms (1.0 - 10000.0 ms )

Timeout Value : [Packet Interval (RPI) x4 "1

Connection Name :
[Possible to omit]

gﬂ‘ﬁ" 2.12 A15AMUAYTINIANAT RPI 989 Omron CJ1W-EIP21

gunInvnsuuATeUny EtherNet/IP Foslimnsanseyianuilidafuiiiondn
P Address ne P~ Address - Version 4 (IPva) asdszneuvludsmneiaviomn
32 90 wiseanilu 4 nay nguaz 8 U Lwiaz-qm%uﬁmam LU
00000000.00000000.00000000.00000000  iiielsignuitatu Fuddsuanavguasaiy
avguduany ViR e luudaznguiimaaus 0 1255 (8 Bits) igu 0-255.0-255.
0-255.0-255 wangiawia 4 naud wtseenld 2 doude mnetavefeis (Network) uae

=5

vnslavgUnsaivSelaas (Host) Fayna InterNIC Buugdnass 1P vilanlsiwus 1P senidu 3

£
=

Class Au%L8LaY Network A9il

1. Class A ¥iungiaw IP Address [Sudus 1.0.0.0-127.255.255.255 waedmiu
wetneiidawialug esnmunelaviadedieiiuuin 7 O Jeaunsasesuls 126
w3t Tneuiasadotelivaneiaulead 24 On Feazsesdumsideudegunsalld 16 dush

2. Class B vanelan IP Address (3ufiaus 128.0.0.0-191.255.255.255 fiuungiay
\leTeuung 14 Dave 16384 1adetne uaviisuleadly 16 Jeduzsesiumsideusie
gunsalluinevald 65,534 i

3. Class C yynetay IP Address Budausl 192.0.0.0-223.255.255.255 fiafainsaun
21 DvitawATetnannnit 2 duedetne wariisuiileanls 8 O Fweesunndoue
gunsalluusiasin3atiale 254 f

Tunsldom P Idutseonifiu 2 Uswian Ae Public 1P fianunsoldfndedeansiv
Public IP $hefuviedeatsiu internet 1§ way Private 1P 9zu 1P #ldRnsdedeansiu

= L | &= ! L=} | = ot ) o & 2 Qs
AeufumoirdegUnsalfiedlunterianeluderdumintu 1P Miunldlunsaalidy
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gunsalluszuuAuAunszUINNMIHaRgeiies1ald 1P Tunguves Private IP uanslugufl 2.13

= o [ | & = gé’ v o & I = | =l Ly =
Fanisivdsdeyaszuintgunsalasiiaduld Allegunsalegluinietnesfeniu uazd

Tas9a%79 EtherNet/IP Wuwuu Star Switch e @lnddesvians o dudeudaniuainduan
sonuuuifalildiuine Wuvisangunsalludnadugunsalidy «q uatalnduanide vz
daransenuivgunsalyndluszuy

| OEtheNetP1| B i =
= B B 8 B8 F
7. =
T2
192168.2501 1921682502 1921682503  192168.2504  192168.2505 1921682506  192.168.250.250
CI2M-EIPZ] CIZMEIP21 CIMEIP2T CI2MEIP21 CI2M-EIP21 CIMEIF2I  CITWEIP21(CI2)
121..0.250 | @..0.250 @...0.250 12,0250  |ll..0250 |2l..0.250 |@..
Change IP Address @
1 r V :
NewIF Address:  (EH . 168 . 250 . 1 [
1 o =\ e Pl
.
| (e ] [ pancely )
“Usage of Davics Bandwidh - — AN TR\ XN LN

JUN 2.13 n s miun 1P Address Ya3LA3eU L ALeaTN LY
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SEUULEENALAZLALADUAISUNISINNSA-ANTIULEUD

3.1 NA1U

Tuuniledursianisldansuvesuuudenvedlssuningeliseanlafing dnvoe
Tassas1evesansuues nsgaeniAdeainnszurunsuandnante asiadalg tlunis

o e o

Urdn n1sTeAnsa-f1svesalsazanafildluansuive flaeduiifnu duseunsin ms
Tufindeyaiiedamenuuaznisudadieulaeguiifa ssvuihdunauazudafiou
dwfunsiansa-aefiviaus mshnaansasetnAnsn-aeuuudalud® nsdeloyans

o=y

nuuMsaoa1s Ui LeaTdInanLAL e ad AT aEAu NITHARIHANTITIALAZATITIS

U

iweulagldeendnad Citect SCADA wuisaawdudmsuindeglday. kaznsldvondus

=

SPC lunsiuteyariaviisnusarnisddiududaiaunuudaludaludaiiifededunis

Lt

wAdanishauresansulueskuulen

3.2 anjuaiuvudionvaslsanunangeiiosnsiidne
Tssundnguilesauiaodalidne Tunszuiunsedniinist drassudmiuasasile
o1 Sefilopaosuintulunszuiunisdedaduasuaivetontls Jedosiseuuiitinerne
de eviinlenaesuiieduannssriunsrdaldliAumiingrunedivuslideuydes
pONguUTILINIA [2-5] Iiamumémqaﬁaamnfiaﬁ"l,%iwuﬂnﬁ'ﬂmmmﬁaLL‘UUL%EJﬂw'%aaﬂ%U
wasuuuien (Wet Scrubber) $1uiu 3 49 tngansuiveivuulonuazgn Tdnvueziluve
nsansruen uandlusuil 3.1 Tnedeusmadedmadudrsematasnatulufiuuy
meluneiihalsdinavaswedinal (Spray - Nozzle)  dadluansazarsaisdiman
Twioulensenlednauiuilunsiawuaiumsivimnisvedlenasiu arsazatslaifon
lensenlesaziuifenivemeaiuuiounastu Wemsaraslufeulensonlasgniugy
Fulfiduuureme Tl iinuasazareduavessauiufianweseinmadeiie
fndursssuiivudewniuenma antuasezargladedlansenlsdvhuiizefulonasiu
naneifuansazateiifinnuduiwesatanasiuanswesaniuueifmeusdiudimasdan
dauemaTiumstithnasazameluiealensenledazgnideseengtuussenie [1]
Redgodinmsasiaiammiudunse-ana (pH) vesasasaslufoulensonles Woidunns

AT19daUUTLANS MW SYIIuTesaasuessindelinisuSuan wesansazana lofa-
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lensonlelitnnuduieanndeiu weldaunsainduindmudoulddndumsyseuda
ihlumsvhansazaneansi lneauauAnnudunsa-ae (pH) agil 10-13 (6]

U 3.1 wansdnwaglnssadnlneuvesansuie fuvudenvdessuutitnenede
wuuidlen SsUseneudevenanduuuuiuaie fuaeaeiifedmivussyasaraneiildly
andutuad (Scrubbing Solution) lneansavanei Useneudetiuwasledeulansonled uasd
mshndadanitenslivgudsunesansagaeililuaniuiues (Recirculation Pump) d1m3u
guasazanelefeulensenlenainia Scrubbing Solution Fuldanglifu Spray Nozzle
Wenuduazessesaindiuuuasndudns Samumsiuiienseslonaeiufigautain
nszuIun1snan tald  Exhaust Blower Judiganituviavesszuudgalonasiuain
nszuauN1sHARN1 v i uatesaadUives llevdssenieiuszuuTTneIn
Fuandlasegduuy dushuazeasosvesansaranslufeslensenled ot inlenasiy
Sleansavanerhuiisefuaseiuiivuiteunndueinefiazanasdds Scrubbing Solution
frusananeduasavanefidanuduiaiosas Wefunsthansazaneiilulivuiou as
gnusuranadusiglinniu Teemsiuleieslensonleiviouiadluluasazanaitel
manuidiunin-aeglutasiidmua Welfansathasazareludenlonsonled ndululd
Tnal sundnUszaniaawlunisadnanamieldaiusatiald 399iudeu Scrubbing
Solution Tnen1sfiansaUseanSnIwaed Scrubbing - Solution  #ildlunsutadl 2 dw
frefuAe Amulunsa-A19ee Scrubbing  Solution wazszesailunsla Scrubbing
Solution auglunsthin fefudsosmuaumanuidiunga-siswas Scrubbing Solution 7

Tlunisundn ielwaesuluesuuuaniiussBvsnwgege (11, [6)

Clean Air Outlet

Spray Nozzle Liquid
Distributor
~"r \':\-:’.-, \“.-:: HES
' [ !
- ~ ~
N « -
Exhaust Blower 4 1," !
Polluted Air Inlet Recirculation Pump
[ oo e
[—Fresh Water
Scrubbing Solution le——NaOH
Circulation Tank

|

Liquid Drain Over Flow

U7 3.1 aasuveiwvulendeszuutihtnemadewuudenifasslulssuidngm
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3.3 msdansa-Ansvasansazansitldlusaiueilaefufifem

ielaniuiuesuuuilonleszuuiaenmdawuulen Tussdvdningeaalunis
Uninlemrasiuainnszuiunsudngaiiesns AoufiigUdesoangduussennia Safeating
s arandunia-sg (pH) vesasazane 6] Adlunsiidalieglutag 10-13 awil
Tssamufmun Tssnundngsiiessiidnuiifiszuutitinenadowuudondiuou 3 wieq
Tnousewinfeszilfufshnudmiumuguaniuesuuudenuazununiieadedumsgua
seuu fail

1. wiheufiuansavanefldluaniuiues (Scrubbing Solution)

2. %iesUfjiRns (Laboratory)

3. WNUNAUANNTZUIUNT (Process Control)

4. wHunnIEUIUAIHAR (Production)

5. WHuNIFINGTU (Engineering)

7 5 dnilfimuduiusiulunismunuguasaiuesuudenviassuuidnen e
Fouvudenifaunsoldmildedediusyansnim Insaresuistun evlumsinainsa-ang
vesanuwesuuuenTaedufiRsy annsaesuidlsdmelul

1. wiinsuifuansazane Scrubbing Solution  : leeduannisiadesnvusdmyuld
d1vavay Scrubbing Solution §1u9U 3 1A AT IUYBIARTULLES (Fagufl 3.2) udwn
wiseLawuzSeuSaenthanasdamndaiesuresiy Serubbing. Solution (ugud 3.3) 1
ansazang Scrubbing Solution talunwurwienls YadlsFeuen wiinnuagyiuuuily
Fon q quasui 3 edes adldnailumsufiRouegiiusennas 10 vt dleasuudaminay
avihansazany Scrubbing Solution dsmaaTadinse-AadiviosuFiRnsasly drunsinm
nsa-Asarin 6 adwed wistuadiag 4 dalus Tuguil 34 wansensavans Scrubbing
Solution filfanansutuesuuudan

2. vioeUfjuiRn1s (Laboratory) : \fontinenuahansarane Scrubbing Solution Aildan
anfuasuuudisnmnasivesUfoRmyiimsassiaiiiefarnanudunse-sevesansavans
Scrubbing Solution #§Intuazthasaraefifiiriogaermadmsuinainsn-aa Tay
14lwsu pH Electrode Tun1sindnse-a1e guasluaisazany Scrubbing Solution sl
FalFdninaunitiiienldaedudwinmstuiinua Qugufl 3.5 ez 3.6 uansineg1sns

Tuiinua) wdsaintu ndnauresujiinisegdananisinainsa-aeiild Tiuaunauay

[V V]
=l e =l

A3UIUMT (Process Control) sialy seeznanildluiesufi@inisussana 30-45 urivisdl

Fuagiuduumlunsinainsa-aa
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34




35

Ul 3.5 myiarnn-anslaegufiRny

Chlorine emission(ppm.) at Scrubber results

Date Time PFC Scrubber (ppm.| |5 TNTScrubber {ppm.} Ty HHG Scrubber 3
2 3 4 1 1 {ppr.
‘@ 08.00 zo,slf%&ﬂ % lgoga, ;mcos 2.0 [{0.25 |85 [{2.b5 i
14.00 0.5 N .5 L 2. =
&\ 1700 | <0. 5 v (-5 - 20 o
h 21.00 0.5 = 2.6 7 | 2o Le
& 01.00 1.0 = ) y 15 Lo
N 05.00 ¢.2 & O o e TR Y. s (0 Ry
[ es/osg ) - Lﬁ»ﬂi’k@; obs o8 1 [1230 | 1.5 /1217 |’
N | o5 - 1.5 = 1.5 2.0
&\ woo | 9.5 2 .5 c 1o 22 A
; 2000 | /.0 - (OF 4 Lo 20 |
é\f 0100 2.6 - 1.0 & 1.5 Ze
w0 | 3.0 \ Pk, 0. Gl - A | 1D 2.2 /vﬁh}&
PN AR 2. 5]1297 |05 feabhiid 1.0 /295 |oi e Zo8|2.2/12,70
N s | - .5 o5 1.5 2 2.5
é'\ 17.00 = .5 05 i.5 ' 2.0
h 2100 $ 1.0 5 e & = 2.0
M 01.00 = 1-e 1.9 1.5 L 2.0
0 05.00 £ 1-% p%:‘..s.o‘é_m%_ﬂi - 2.0 nmf.c
owoo | | - L5 flojo Pasmssveoy Lo [13.09 o bt 05 ga:l{gﬁ_{
14.00 - 10 1.0 1.0 Vs Ao |
?li] 17.00 = e 1.2 Lo = &.2
ﬁ‘ 21.00 = /e /.6 Lo s .o £ |
01,00 -~ r.o y.C 4 i 4,0
N 05.00 -S4 | 5.5 2. 5 hhasann 40 o - 3.0 12
oo |£0.5 /13,08 - Lohsuf | 1.0 /129 ol lee 225 15 [1845"
9 100 | Q5 - 1 es 2.0 S lo |
o~ e | O.5 O Le - Lo
P no | O.5 ™22 2.0 | r r.e
L) 01.00 owB 10 L, e | = gz
@' 05.00 o5 (v d 5 . 22 ! - 2.0

JUN 3.6 fegunstufinanse-alagguiiRau

3. WHUNAIUANNTEUIUNTS (Process Control) iansa-afiinldaniesu foRnns
Tuinaduuuuesufiadratiuann Microsoft Excel fauandlugudt 3.7 Tnglumsiauszneuly
FetnanaiTinsiaAinsa-seutseandu 6 Aty Bufl 08:00, 14:00, 17:00, 21:00,
01:00 wag 05:00 widufineniisaldmunariifnunasuy Main Server Tunsdlfidnanu
Bunsa-ane TAnnnvdeteeninfismusld Haesewing 10-13 wiinauasimtfidediududs

WeuluFwnunae q Wy danisuauniainssy d9n1sununnszuIunITHEn uag
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fufTRNuRsTes Wudu WemuumslunisuSudsuslomshauvesaniuuesiuy
Jansialy

4. ununns¥UIUNSHAR (Production) : Wefinisudadiounsalfiiaudunse-salal
aglutfifmue mamunnszvunsdnazinihiinsieaeudesiu 2 35 fe
1. ayavaeumarududiurssrasiuililunseuiumsnandulumufidmuavdels
2. aynaeuszuLIialasmsnTminmnTa-fs dflAnse-seindt 10 wineae
Fuleieslensenledinlulussuuiieusuaninvesaisazals Scrubbing Solution Teidien
agludsfiimus wiedillinse-sannni 13 wilnnussduidlluszuuiteufuanin
yasasazay Scrubbing Solution THildaglutieiidivus waznsavdeuseznailunsld
a15agane Scrubbing  Solution Uﬂl?msagj‘ﬁ 57 Y Seazidsuansazany Scrubbing
Solution Tyl lunselfilasuaisagane Scrubbing Solution wé warnse-asdaliioglug
Fimuamssnunnsruaunisianazidslugununimnssudnadaie innsmsieaey
ansuluasuuullen

5. unundfanssy - (Engineering) Wiolasudwdudafeunnunicnssuagsiinis
asRdeUsTUUTURLAENISATINEaURIER Spray Nozzle TnAamsgaruingadenevsely
Packing Media fvegluanmldaulaunfinielyl seun Recirculation Pump Undvelsl dndl
drudiadomemununinnssuasimsnasy Weldaeuwefuwudenanunsaldauls
aunfkadivssAvsnlunsthadia Tugudl 38 sanmnduesivudondansdnuly

Tssnundngefioseiifinw

Chioring Emission at Chioxi sbberon 5 her 1S
Chlorine Emissicn valne
Thatlet gy
Meazure date time b e e e
FHG o, I PN A JPPC - INT £x AChDcize &7 &~
3 [ & Femark AN B [SarP] Nesacn | W 4 @ Yama
i ubber i 4 are
_wwmn [N oo gl i~ | <ot || el 2@\ [Teslt g
o o K 05 05 & 4
T oo 0 e <05 15
. 2100 0 05 20
4 0100 10 10 25
e 0500 10 05 30 -
[ omenon | 15 |ua] TR e et | 0 T I
W00 20 05 15
v | e B 05
" 2100 20 o 10 [
N awo 20 20 10
¥ 0500 20 20 05
Water in scrubber is Water in scrubbere 3.4 are
e el e e | o L Yellowish
400 5
i 17.00 20 1
i 2100 20
[ 05,00 20 -
n ubber iz Water in sciubbere 3.4 are
.00 49
b 1700 40 ) N
Y e 40 S B
4 0100 40
¥ 0500 [ B
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3Uii 3.8 anfuasuvuenndnasldailulssoundngsilostsiifinw

3.4 szuudhdanauasududeudmunisiansa-semieaue
nsEUURuMsiamnsa-asuesansuueshuuleninegufiieu lunalunisin
A3A-Ane Useanay 60-75 unil LiesptediAnvesnisnsiatrdinsa-aleefuiihou ens
Arauiianaislumsareinuasmstarmsienu suiadnnuadlunsudafouny
Anundlunsiiauvetansuues slvnisudladymilaasovia ldviunied 2138ins
ST MAEIUR e ReER wALN A TInguNer VLR nT g uUssEIn e
ﬁaﬁuﬁqﬁwmi‘d%’w'a;am‘smfmi’mﬁhﬂim—sﬁwmaﬁa:ﬁma Scrubbing Solution il
nsUtRe nelde vesansuiuasuuuen (wWasuliunisasiaiadingn-ine Meszuy
SrlufAmiimsnenunauagnsuiafeusuunatade eanmudsmaialunisasiatauay
nsdmissnulnefufoinu 1 saifadsmssnilumsdaieusasnsudtamiluy
nsihanuresaaiuveslunsdiidnia-dsvssasarareililumsirdaenmadeeguen
frafiiuua ielsdinisnuauUTnanasiuvesenmedissuivoonanlssuliediedl
UszAnsnm Tneysmnmseiuldifumfingmnedivue (2] Sahduessuudhdunauazuds
Feuwuunanidmiunmsanainanse-meesaniuive fuuulen maulaseadieiiuandy
U 3.9
ssuuiihiaueifieusuusnisnsniamnsn-asvesasazaeildlunsdrineina
Fevesaniuvasuvulonidounsamatadidiessuudalui®  Tagldedecdletad
n5A-A"9 (pH Meter) wa9USHW Mettler Toledo Ju M200 [12] 1euige$nsI9InAINTA-ANS

(pH Sensor) Ju Easy sense pH 32 [13] seamsAnasinsuiauiian Circulation Tank i
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o

Iam1nsa-A1avesansazate Scrubbing Solution lay pH Meter azasdaysaunordnmdu
nsEud 4-20 mA wazvihimsiewseiriesdioiniidniumsndunavesfiveadfmsesiinield
Mnms@enseiifuwueeslussuumuaunszuIunsnangleswiandl Jogudn v

[t

SesensuausEuunMsanaTamiiaddisusruuduiifey fueadssesuariiead
fvdnidurasuisn Omron u CJ2M [14] nderiemsileuseswinefiueadisowaril
woadsndn Mnaluladnsdeas EtheNet/P  uagldvinisiBeusiofiueadimdnidiy
Anandudmiufnregldeusiiulugs RS232 dunuatetnesyuulsadldivalulad Ethemet
uananiidinisldeensdinng Citect SCADA Version 7.01 dudunisuananauaynsudaiou
vy Afedndudmivienedldanu [17] wazlinsldegenaus SPC uuiiaanduluns
Sofudeyaiiiovsenuuaznisdsdmdidavmanidumudnlu® [16) lufnedeniu
fmsaeulihinse-rsresnsazaeildlumsthinemadseguendasiidiun

Operator Workstation Data Historian
(Citect SCADA Software) (SPC Software)

HMI Touch screen

Ethernet Switch
— =]

Il Master Station
i (Omron PLC)

192.168.250.250

R8232

Ethernet Switch

Slave Stations
(Omron PLCs)

i

192.168.250.1 4-20 mA

ik pH Meters
Sl Mettler Toledo)

e |
]
* H
I | [pl—! Sensors

New Installation at Wet Scrubbers

U 3.9 Tassassszuuih&unanazudamauntiiaus

1. MsRnsardesiieinanse-s1e wie pH Meter

MsfndsleuenTIainAINsa-A1sa pH Sensor was Mettler Toledo [12-13] #ild
dmSutnAnsa-asvasaaiuivasuuulen  lasldlnsuveusuiwesjuasiudansazane
Scrubbing  Solution vesaAsuIUef funandugu 3.1 winutlamnie dewuwedina

nsa-Asiladiaosninfininua wineuufiRnuagyhnsuiulsmunmeesasazansi
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Wlunsirsaenmeds Welilduszdniandilumstdaenmeds Ineduaisazanenng
Swnleieulonsenled  (NaOH) asludvansazans Scrubbing  Solution laemsayinleian
nsa-pneiinlafianldnfidamanonisuiaiion variduiansazarsitousuanmuas
ansazandlafivulansenleddildlunisthin uaziinnzneuvesansazasanAnameuinm
Tnsuildlumsinainsa-aeildmiinlaldulug WeousDamdndnld s i
Ande LwumadasInTaAnnsA-seute pH Sensor fuanslugui 3.10 Fefinnshndsl i
fuLanvastsdnsuiuas Lagvinnisesnuuuiedmsuiiaisazate Scrubbing Solution 310
sruuthdadnewdngis Circulation 2w1A 150 x 230 x 200 Hadiwnas wagvhmsdevieasnun
nnviefiguansezanelafeslansenlediuludelifumhansdilddmiviavuazessdes
Ye9a15a¥ans Scrubbing Solution dlasannd Sfimdadmsululinina sasanefidid
Circulation fuasinIdansudvsuasuasagaIuaanaIngd Auuull Over Flow d@unse
nanaegdmiuduinguves pH Sensor MAlun1sinminsa-ssvesszuuindn duanslu
sUTt 3.11 nagunsuvesds Circulation wayMsAnds pH Sensor

nsldauds Circulation dmsuiaanse-Ansresansuivesizuannsdnindvidn
dieliansavans Scrubbing Solution aluds warennsaldndaiildmsulsusziures
arsansludilviedluseduiinemanefu pH - Sensor - #ilddn Tuanizunindiasuazida
naenfislnasazarelufednmsvuuioy Tunsdififin seduanSuesviadontss 11d
wsuardaiitednwsedvvesansagaeliaglussiui pH Sensor quweRns1g pH Sensor
Fosquaglutmiarsazane Serubbing Solution agenvaniiosnwdszaninmlunisia
989 pH Sensor le pH Sensor ms1a¥aAInsA-AeTilFdsdyeanuudy mv Trfy
oH Meter tiavihnsussanaiilfesnuibudinse-ie ogluri 0 - 14 Fuanduguil
3.13 pH Meter Tunsanuannsn-ane insesiieamnsa-seildyminendwmdunsyua 4-20
mA fanansailUlieuld 2 es dyaanednaiad 2 des Fdneadunn 2 Hes [12-13]
ﬁdﬂfﬁaﬂﬂﬁmmmmﬁwm 420 mA Tfdsuiadlivinsifeuserdedetndidriunmin

BuNAYRY NLOaTAI84




Clean Air Outlet
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Spray Nozzle Liquid New Installation

Distribmbor: . oo . i i
- ~ ~ - >~ M | T |
’f"' \\n’.f"\‘v_‘f|\\\_ | I

I 1 1

‘.ﬁ‘ ‘\ A‘ l s I
Exhaust Blower ! ‘} ] ‘:_! I . I
— I
@ 1 Polluted Air Inlet g i 1] I
- oo — ol | o=
[~ |- - TS :

C T TK=—TFreshwWater

Scrubbing Solution le——NaOH

Circulation Tank

!}

Liquid Drain Over Flow

sUT 3.10 fwmisAnfugusesamainnnin-amesan fuvefifennludaymlunmsin

Over Flow

To Spray Nozzle

Liquid

pH Sensor

|

X{ Valve (IN)

]

NaOH

I DX

Circulation Tank

Valve Drain

JUT 3.11 lnezunsuvessyuuia Circulation wagMsAAAULULEINTITIAAINTA-ANS
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PLC Slave PLC Master Operator Workstation Data Historian
pH Meter #1 —»{ pH_001_PV | Bequst| pH_001_PV | o o) . Matrikon
pH Meter #2 —» pH_002_PV pH_002_PV <::’> SCADA (=) e

pH Meter #3 —» pH_003_PV Response pH_003_PV

U7 3.12 msfudedeyavessyuuiitaue

PLC Slave PLC Master Operator Workstation Data Historian
pH Meter #1 —» e )
pH Meter #2 —» 1ms m $0ms “
pH Meter #3 —» ~

JUfl 3.13 szezatluntsenumusasaTuiieUssananaluss uuieue

2. mssudstoyauesszuuiiviiaue

mi%'ueiﬁaga%aqLﬂ?aqﬁaﬁﬂﬁiwﬂiﬂ»ﬁmﬁqﬁ'ﬁgmmmﬁwmﬁ‘]u 4-200 mA 91U 3
wwdes wazldinisidendaniasiiotatiinfuniindunavesiiveadfnsotudddoyane
THRURLeadf s ndATarIun s leuseseiiafineadshsesiuiueadimanldimalulad
nsdedns EtherNet/IP [14] dhufinaadimdnlivihmsdeunadniudsramdud miufiose
fldrnehuluga RS232 uenaniifiniskizeninas Citect SCADA damSunisuananauazuds
weuuuisaandudmiuAndagldeu wasinsldseniuad sPC uu - Asaamduldinig
Gousau Citect SCADA TnsldmalulaBinisdedns OPC wasus Matrikon [15] vaniuas
spC  azvwthilunsdaiuteyaifiavhenusaensdsduduiafiounna niduuy
SoludArauandugud 3.12 msdudsdeyavessruuiithiaue
U7 3.13 LanasreznalunseuAurazads edssuiana (Requested Packet

U

Interval 58 Time Interval) vasusazaruluszuuiiiaus lgduaniueadisesayenu

o=

A7l pH Meter TaenlFusazada o 1 ms (mumaunulnsivesiiuead) dufie nn 9 1
fadiund fueadfisonzasvdevdnugnionves pH  Meter fireiudiudunmves
fluaadshses drumsiudsfoyasenin fueadfvdnuasfsesiifouderuuuiniotie
FtherNet/IP Slananisdaansuuu n155e99a-n1InaUausd (Request-Response %38

Master-Slave) Ineflusaddvdnariasatoyaninn-aninsainldudagaishio 50 ms
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fueaddmdnsniadeusediuluga RS232  11fiu Citect  SCADA Uy Operator
Workstation sragallunIseIuALAazAIIfe 500 ms waz Operator Workstation Y1113
\Wausanu OPC iy Workstation Tun15¥1 Data Historian niailun1senuAisiaznssfe

30 min lumsiudedayaedaimenuwarmudaioumagnidutuudnlus@

3. nMsinnagn1s Scaling

dynnaueimaildnnndesdietadnin-rede pH Meter Wunszua 4-20 mA
$1uau 3 s wreidfiniindunavesineadiises (PLC Slave No.6 IP Address Wil
192.168.250.6) Iﬂaﬁmuwmaga*u?iuwmﬁi%’ﬁm%’u%UéfﬁgggmmﬂLﬂ%aqﬁai’ﬂmﬂiﬂ-ﬁm fio
Analog Input No.5 14ffu pH Meter No.1 , Analog Input No.6 1%ffu pH Meter No.2 uag
Analog Input No.7 T49ffu pH Meter No.3 #101308579 Tag Name Wazas1a Function block
dmiu Scaling Tiiuwdesiietaainia-atdlaeld Cx-Programmer v9.4 ¢hanisiviun Tag
Name #ia pH 001 PV, pH 002 PV, pH_003_PV. Waza319 Function Block d1%u Scaling
4-20 mA 1 WnsvasuAaziiesiodn TuguRl 3.14 Flowchart Diagram ¥8en15vh Scaling
luRweadfises uagsnod1e Function Block dwisufimungiunsinansa-meluiinead
#see KU 3.15

da X1 = 0, X2 = 8000, Y1 = 0 uge Y2 = 140 ¥nmsnsrsaeudouls &1 InputData
Ha8n11 0 wdr9zAmualy InputDatal=inputData LAA1 InputDatal=0  A1vualy
InputData Real = InputDatal 9 naun1sidunsaaglanudu m = (Y2-Y1)/(X2-X1)
dhdr m  fildunudiend DataOut_Real dafu agldAn DataQut Real =
m*InputData, Real+Offset_Real uW&aw1An DataOut Real #lalUiiulifl Data bit (D100)
Wioderniildneludeiiteadsinvdn 91nguft 3.16 Wumsieuifisunsimuadulunmsia
f1 pH Meter Woufufineadshsasiisnuaild e pH Meter daeiisals 4 mA Aiuaadsn
sosazeuAlldT 0 warlunsdiii pH Meter darnfiialé 20 mA flueadisesazeruald
8000 91nnsuanslfiiudn msdmusginlunsiedanuiuBedu waeguil 3.17 uans
mMaFeudisumssmusulufineadfsesdieutiumnsa-amande pH #ldonu defiuead
fhsessualéd 0 avdsreenlUldeuingu o widRueatfmsessuaildf 8000 azdar
sonlldeuifu 16 Wedunsdmungmlunisindinsa-asilldausisie 0-14 9

ns gl L dudadulunisivungunyin




X1_Real=Xl
X2 Real=X2
Y1_Real=Y1
Y2 Real=Y2
InputData

Offeset_Real

InputDatal=

InputData<0 InputData

InputDatal=0 <

InputData_Real =
InputDatal

m = (Y2-Y1)/(X2-X1)

NS

DataOut_Real=
m*InputData_Real+Offset Real

P a—

DataQut=
REAL TO UNIT(DataOut_Real)

-
=

3U# 3.14 Flowchart Diagram dsuiungiunisinainse-aduiileadsmses
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T Fle €t View Insen PLC Progam Simubation Tools Window Help T
DFE R SR ‘BB A2 AITY OTR l]a ls mli i ra..,,?r

laaaa [Es: e G o

@'NE[&IDE-‘&%@W'H‘:;H sleuswgncarn T
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PLC Data/pH Scaling
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NHDATATD

Tag Sets : n15@319 Tag Name wazimuavwislunisiiudoya lneaguwuaiu 2 d@w
fia “In-Consume” iJunsfmuanisdeansiiduidnun wu $u Tag (Master_to AC6 W) an
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1589

Connections : nMsad1snsilonseseninafineadivdnuariiueadsseslaefmue
Tag Name Furnauavdatevnefiazdeansifu wu Originator Device, Target Device, Packet
Interval, Timeout Value {Jufiu Viamsilfastimualunisien fuandluguit 3.20

Nuoagaanan
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5. aoAwI§ Citect SCADA
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" Edit Device Parameters : 192.168.250.250 CIW-EIP21(C12) L= )
Emm\ni Tag Sets
In -Contume Edit Tags -
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6. waWAWIs OPC [15]

'ﬁ’e]?,.luﬁNﬁﬂ?iiﬂﬁ?ﬂSﬂ-ﬁlﬂwmﬂﬂ%ﬂmafﬁgﬂ 3 Lees91nsEUY Citect SCADA azgnasld
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7. ganAuds SPC [16]
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SPC Email Notification
SPC Email Notification
A Whenevu an action occurs for the following combination: Close “
““_"——-—--------u“-----------—_--1
| A. Part Group: [TNT glove _:_I =
i |
-i § B. Part Item: I<al!it¢ms> ;’ =
|
|| 1 € Process Group: Imppiﬂg Machine No. :J I
- : D. Process tem: [m _-_»j !
i
I E Test Group: ‘Vssual Inspection _v_l :
]
[ F Tenken: |STT St Major =13
i
fend Email notifications to thefollowing employees: :
: Boonpluk Sudchaliaw 715 boonpluk.sudehaliaw@ansellccs |
il Charin Paibuang m7 charin.paibuang@ansel.com ;‘“ |
1} Jakkrit Deekania 1242 jekkritdeekanla@anselkcom ‘
I Kittipong Artawan 0732 kitipong.antawan@ansell.com
i Kritsada Jaloonratanakul 7806 kntsada.jaloonratanakul@ansel )
j| Kumthormn Kareewhet 1297 kumthom kareeweht@ansell.co I
Elisttaints Kiamion oo JOMLEU . Attsiste iutamOntitamll cog o
: Add Pl | amm T 1 Help J
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sUl 3.33 uamnshndaniesiiodnrnse-isvesaniuivesuuuDndldnudmiuin
Anse-Asvesansaraneladionlansanled@ildlunistadn e pH Sensor Sarnsa-A1aves
dnsazanuazada LT pH Meter iaUssinanauasuaninaiivitinge pH Meter Andaly
Tugmumsdnaiuiiudiny fuansuguf 33¢ Tunsmgeuiredeinmnsa-aa
ansavane Buffer idiAn pH Aaf 8.0, 7.0, Az 10.0 Taefitonsu +/- 0.5 wldlumsasudiou
s Tarnse-swessruuSaluifafianslvs wandlugud 3.35 wafildarnnisaeuifieud pH
Buffer 4.0 A pH Meter 81118 4.02 i pH Buffer 7.0 el pH Meter 8ilé 7.03 wagd
oH Buffer 10.0 #il pH Meter 81uld 10.42 milldanmsaeuiivusis 3 geogluzasd
gouduld uandlugud 3.36 pH Meter dedyaanendnadu 4-20 mA luidhniindunaves
fiweadinses Feiiusadisosdouretuiineadsdman Tnefineaddmdninsdousory
syuu Citect SCADA dmsuudnswanaznisuiafiouvuidsraindudmiudnaderlday Tums

warsHaAInIe-aeRiinldul Citect SCADA Wismfiinldeguentisiirivun 10-13 yuwniiae
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wansnavziansamuziaudlunmsudafiounioudeanussymanisaiiiinturesaniuiues

Ty 9 wandosdygandafeudmaiion eudufeuselldnu wandusun 3.37

U7 3.34 pH Meter dansunisinAnse-Asasaniuiuesuuuiien
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¥ 4 L T TpHMetérinWetScubbars 1
i Butfer solutinll Noallo =, | . No.2 : No.3
| m #2 #3 Avg #1 #2 #3 Avg # 42 #3 Avg
4.0 4.02 4.02 4.02 4.02 4.02 4.01 4.02 4.02 4.02 4.02 4.02 4.02
7.0 7.02 7.03 7.03 7.03 7.02 7.03 7.01 7.02 7.02 7.03 7.03 7.03
10.0 10.4 10.41 10.44 10.42 104 10.41 1042 10.41 10.41 10.41 10.42 10.41

JU# 3.36 wanlaanmisaeuLiey

5U#1 3.37 NISHARNALAYAITRIRFBUMTINANNTA-ANaUL Citect SCADA
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anvavarglaioulansenleduasaniuived Inegenuas SPC Asdeyanmi Matrikon OPC
yin 9 30 wifl Tufindieya 1 A% edavhmenuuanaansindnse-Aadeadiiuusenwd
SPC wanswafiinlddunuy X-Bar Chart nanfildlumsduiinnanisinazdunandeniuiy

ASAaEAduLUNIWINITHERIAN Specification Limits 3¢ USL (Upper Specification Limit)

=

# 13 uaz LSL (Lower Specification Limit) 71 10 fuvuiinisislunstuiinafidalasiuds
srusulumadiualuuerads uanamamnsa-meiiialdifieufunaannsfudiele
wvuansianniniuresaiioguentasditmunidunugiunafioudu X-Bar  Chart e
Funauualdunisiddeuulaswesainsa-asluaaiuivefuuuilen fauandlusud 338
yufimsddudidanmanduuundiludRluddifedeviuifnsaeuldianse -
yosnsazanefildluaaduesuuulienaguantaefioonsuld Fatiu 2 Tu 3 afaeshnsuds
euselfifeatewiud fuanduguil 3.39

Real Time Monitoring pH in Wet Scrubber
Date Range:  4/0/2017 2:28:53 PM <=>410/2017 373208 PM
Spec. Limits:  58-530 / pH of Latex dip 1 USL- 13.000 LSL: 10.000
gasn | 430 | 193 000

=0l
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008

13.000 bl R8s £ LSS S O S S e &
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Sampla Humbar
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SPC ALARM VIOLATION [AS1] [58-530] [pH of Latex dip 1]

BKK_InfinityQS <SPC@Ansell.com>

Mon 4/1C/2017 3:30 PM

To: Nattgjate Ketkamon; Boonpluk Sudchaliaw; Wei Ming Low; Manapong Mingkhunthong; Supat Kagwnum; Thammasak Mathitanang;
BKK InfinityQS

I Flag for follow up. Start by Monday, April 10, Z017. Die by Monday, Apnli10, 2017.

Tenh bl e e
= =
HH |EE
- iy L L
L]
e eyt 5
| arge Wb
; __bl report.txt o
L 987 bytes

¥ Show ail 2 attachments (19 KB) #Pownicad all “Save all to OneDrive - Anse!l Heatthcare

SPC Alarm Violation (4/10/2017 3:30:06 PM)
User: bkkkjall

Computer Name: BKKLA0FLH12
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Real-Time Monitoring and Reporting Alarm System for pH Measurement in Wet Scrubbers
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Abstract: In order to improve a maintenance of wet scrubber operation for achieving harmful and polluting gas
removal efficiency at a latex glove manufacturer in Thailand, this paper presents a technique to implement the real-time
monitoring and reporting alarm system for pH measurement in wet scrubbers. All pH meter outputs are applied to an
existing programmable logic controller (PLC) slave located on the master-slave network for production line control.
A PLC master is communicated to an operator workstation running the supervisory control and data acquisition
(SCADA) software. In addition, measurement data from the SCADA software are automatically transferred to the
statistical process control (SPC) software installed in a data historian server. Traditional routine manual data collection
and non real-time email notification are replaced by the proposed system, which provides the continuous automatic data
collection as well as the real-time display and alarm functions. The automatic and reliable email notification in real time
can be also abtained. Experimental results verifying the performance of the proposed system are also included.

Keywords: pH measurement, wet scrubber, monitoring system, alarm notification, SCADA, SPC.

1. INTRODUCTION

Nowadays, manufacturing industries are facing strict
environmental regulations and laws for preventing
pollution during the production process. In order to
control air pollution, many pollution-intensive industrial
sectors such as chemical industy utilize sciubber
systems to remove pollutants from exhaust streams
before release into the environment. The water-soluble
toxic and/or corrosive gases like sulfur dioxide (SO2)
and chlerine (Cly) in exhaust gaseous stream can be
removed well by using a wet scrubber [1-3]. Wet
scrubbers operate by spraying the gaseous stream with a
scrubbing solution containing a scrubbing chemical,
which dissolves or destroys the harmful and polluting
gas. Concentration of the scrubbing chemical is one of
primary indicators of wet scrubber petformance. To
ensure the effectiveness of the scrubber, the scrubbing
chemical concentration must be maintained. Practically,
pH value can be used to monitor as an altermative to
scrubbing chemical concentration for proper operation
of wet scrubbers [4]. Therefore, pH measurement is
critical to the efficient operation of wet scrubbers using
continuous blowdown and replemishiment. Additionally,
real-time measurements and reporting systems are
essential for realizing dynamic work strategies because
they feed timely data to the decision process [5]. The
system with real-time notification capability for
monitoring critical operating parameters is required for
operator response effectiveness.

The aim of this paper is to propose a monitoring and
reporting alarm system in real time for measuring pH
values of scrubbing chemical in wet scrubbers of a latex
grove manufacturer in Thailand. In the past, this
manufacturer used manval pH measurement by
laboratory personnel and took a long time for measured
data analysis. In the case of undesired conditions, the
measured pH value was over or under the specification
limits, email notification was sent out to staffs
responsible for maintaining the scrubber operation. In

978-89-93215-12-0/16/$31.00 (©ICROS
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order to be more effective control of air pollution using
wet scrubbers, the previous pH measurement and alarm
email notification system needs to be improved.

2. WET SCRUBBERS USED IN
INTERERESTED MANUFACTURER

At the interested latex glove manufacturer, three
identical wet scrubbers are employed to remove toxic
chlorine gas from exhaust stream produced during
production process. One of chlorine gas wet scrubbers
used as shown in Fig. 1 consists of a scrubber vessel,
vessel packing, scrubbing solution containing scrubbing
chemical, recirculation pump, and exhaust blower to
draw polluted air. The serubbing chemical that has been
typically used to scrub chlorine is sodium hydroxide
(NaOH). Solution of this chemical in water is
sometimes called caustic soda. The scrubber system
draws the polluted air throngh the wet scrubber where

Clean Alr Qutlct

Q

Spray Nexzle Liquid
Distributor
AR *;;: G
. “x W
Fxhanst Blawer ﬂ,_' 1 1 ‘:_l
@ 1 Pollutcd Air Inlet Recirculativn Pump
............... P
Mot | Sdecnaaiiaiaiaa
[ Fresh Water
Sernbbing Solution k Na oIl
Circulation T'ank

Liquid Drain Over Flow

Fig. 1 Wet scrubber used in the interested manufacturer.




scrubbing solution is bemg circulated and sprayed
into the contaminated air. The caustic soda reacts
with the chlorine in the polluted air, thereby
neulralizing it. Treated air is then discharged into the
atmosphere.

3. MANUAL MEASUREMENT

Since pH is specific to hydrogen ion, which is related
to the concentration of the scrubbing chemical such as
caustic, thus periodic pH measurement is required to
ensure that the scrubbing solution of each wet scrubber
used is at sufficient strength (alkalinity) and can handle
the amount of chlorine release into the environment.
The desired pH value is between 11 and 13.

Before improvement, pH values of the scrubbing
solution were manually measured about six times per
day. The measurement procedures performed by the
laboratory personnel for three wet scrubbers can be
explained as follows.

(1) Prepare three sample containers with comresponding
labels.

(2) Open the valve at a liquid drain pipeline to collect
the sample of scrubbing solution in the circulation
tank of each wet scrubber.

(3) Bring the samples to the laboratory

(4) Measure the pH of each sample in a fume hood by
using pH electrode and record the measured result.

The total time spent on manual measurement procedures
is approximately 60-75 minutes. Example of the manual
measurement results is illustrated in Fig. 2.

After finishing the pH measurements, the results are
then sent to the process control sector for using the
statistical process control (SPC) software to determine
whether the production specification limits are being
regulated. If the measured pH value is out of the
specification limits, a staff’ of the process control sector
will send the email to notify other production-related
staffs such as a production manager and engineer for
golving problem.

Crlerine emiszion{zom. at Seruskor resulls

2 :
Yolian e tarlte]

A =

Fig. 2 Example of manual measurement results.
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4. PROPOSED SYSTEM

In order to improve the previous system based on
manual measurement, three identical Mettler Toledo pH
meters and probes are installed at the circulation tanks
of the wet scrubbers used at the interested manufacturer.
The proposed system architecture is displayed in Fig.3.
All three pH meter outputs (4-20 mA signals) are
applied to one of existing Omron PLC slave stations
(the slave with TP Address: 192.168.250.6). The Omron
PLC master (IP Address: 192.168.250.250) and slave
stations are commected to the FEtherNetIP control
network for controlling the production process. A PLC
master station is communicated to an operator work
station running the Citect SCADA software. The
operator workstation, data historian server, and human
machine interface (HIMI) touch screen are connected
together using Ethemet-based local area network.

Fig. 4 shows a concept for data transfers between
devices in the proposed system. The pH meter outputs
are applied to an input card of the PLC slave station
used. They are assigned with the name tags, Le
pH_001_PV, pH_002_PV, and pH_003_PV. The PLC
function block for scaling the 4-20 mA output of each
pH meter to be the measurement value available in
display is created by using the CX-Programmer v9.4 as
shown in Fig. 5, and its algorithm flowchart diagram is
depicted in Fig. 6, where X1 =0, X2 = 8000, Y1 =0,
and Y2 = 140, respectively.

Dute Historian
(SPC Software)

l o

HMI Teich scareen

Operator Workstation
{(Citect SCADA Software)

Ethaudt Switch

Master Station
(Omen PLC)

192,188 250 250
Ethernet Switch

Slave Stations
{Omeon FL.Cs)

|

1921682301 121682505 191682506 420 ma

| PR T
pH Meters
|- o= S (Mettler Toledo)
1]
H 4

pH Sensors

New Insdallation at Wel Scrubbers

Fig. 3 Proposed system architecture.
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Fig. 4 Data transfer concept of the proposed system.
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Fig. 9 Creating “Tag Sets” for the PLC master.

The measured values are sent to the PLC master
station by master/slave protocol Fig. 7 shows the
software window for creating the “Tag Sets” at the PLC
slave station with In-Consume/Out-Produce commands.
In addition, some device connection parameters such as
Originator Device, Target Device, Packet Interval, and
Timeout Value are required to configure (see Fig. 8).
For the PLC master station, the * Tag Sets’ and device
connection parameters are also required to set as shown
in Figs. 9 and 10, respectively.
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Fig. 12 GUI for monitoring the pH values.

Measurement data are available for different software
applications running on the master PLC, operator
workstation, and data historian server through the
Matrikon OPC software as shown in Fig. 11. For the
operator workstation, the pH measurement results are
monitored as well as alarm functions are configured to
report when alarms occur in real time by using the
Citect SCADA software.
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The graphic user interface (GUI) is created by the
Citect Graphics Builder as shown i Fig 12
Configurations of device communication parameters
such as Port Name, Board Rate, Data Bits, Stop Bits,
and Parity as well as variable tag descriptions such as
Tag Name, I/O Device, Address, and Data Type in the
Citect Project Editor are required as shown in Figs. 13
and 14, respectively. The alarm limits are set to 11.0
and 13 for low alarm (displayed in yellow) and high
alarm (displayed in red), respectively, as shown in Fig
15. The process data including the pH measurement
results from the SCADA software are automatically
transferred to the SPC software installed in the data
historian server.

Fig. 14 Configuring the variable tag descriptions.
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Fig. 18 Example of alarm email notification.

The SPC software with the application named ‘Data
Management System’ is used for determining whether
the production specification limits are being maintained.
Furthermore, the SPC software with the application
named ‘SPC Email Notification’ can be configured to
send email notification automatically when low or high
alarm occurs (see Figs. 16-18). This means that the
proposed system provides alarn notification faster than
the previous system to provide the staff response.

5. EXPERIMENTAL RESULTS

Fig. 19 displays the pH meter installation at one of
the wet scrubbers in the interested manufacturer. Fig. 20
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shows an example of the graphic display in nmning
gystem for pH measurements on the operator
workstation, while Fig. 21 shows an example of the
display window on the data historian server by using the
SPC software, which provides user to specify the
statistical algorithm to process data.

Using the proposed system for monitoring pH values
and reporting alarms in real time, the following
advantages can be obtained.

- Minimizing problems caused by errors due to
manual measurements and records.

- Reducing time spent for reporting process alarms.

- Reducing paper usage for recording the
measurement results.

- Reducing the chance of losing paper-based
documents.

- Immproving  security of electronic-based data
historian through a single secure location for keeping
documents as well as ensuring that the authorized
personnel are allowed to access.

[ e s e

Fig. 20 Example of pH measurement data display.
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6. CONCLUSION

The real-time monitoring and reporting alarm system
for measuring pH measurement in wet scrubbers has
been presented in this paper. The proposed system can
help the interested manufacturer to improve the
maintenance of wet scrubber operation. Simce the
proposed real-time system feed timely important data to
the staffs to take actions for response to- alarm
notification.
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