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tihareravietndn (Fresh wate) faifuaisisyulnafidrdgediann faieniudounas
megramngsy thaveadndudedlddmiussuuufoRnnsineg Sszuundnnszualifi uazszuuri
arandu uendi dusudsamalne iy (Surface water) Wuguymundnifteldlunisuilan oehdls
i mavslnathinfunduluiFesiifesdiisds mszmafinsuavesssrnsuaruafivndunieon
daugaamnsalasiomglunniang usenvessuinalne desdeduyududnmiasersluuimasn

dielinsyuiuntsnandensaniiuaelule neldaniunisalll madenduusnainiiiiAuignusediy

\enevausisiegUaidluningaainnssy nildlumadentiufenszuiumsilasuimzalidulndea (1]
1.1 nszurunisidsutmsailuiinga

nszurunITAsuLIngadutnde (Seawater desalination) finarnvalgsukuy YuUsEiU

U Y

1 1 <

anwagYaInTEUINnIs miheljUinisuazaisisuuselaanignld daudaziddeniindenuasdade

pafueenty duandlunsd 1-1 dwsvdndiuveamsldmalulagludagiuuanduning 1-1

Technologies ‘ Advantages ‘ Drawbacks

Thermal-based technologies

Multi-stage flash distillation (MSF) | No major scaling problem, Does Large capital investment required,
fast evaporation process. Energy intensive process Larger
footprint required, Corrosion
problems if materials of lesser quality
used, Slow start-up rates,
Maintenance requires entire plant to

shut-down, Recovery ratio low.

Multi-effect distillation (MED) Mature technology. High energy consumption, scaling
issue.

Vapour compression (VC) Mature technology. High energy consumption, scaling
issue.

Adsorption desalination (AD) 100% rejection, No limitation on Still in demonstration and pilot plant

feed water, Stationary without any | scale.

moving parts, Low energy

consumption.
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Membrane-based technologies

Membrane distillation (MD)

Able to handle high salinity, Low

fouling, Uses low-grade heat.

Require high energy, Low water

recovery.

Reverse osmosis (RO)

Lower energy consumption,
Relatively lower investment cost,
No cooling water flow, Simple
operation and fast startup, High
space/production capacity,
Removal of contaminants other
than salts achieved, Maintenance
does not require entire plant to
shutdown

Higher costs for chemical and
membrane replacement, Vulnerable
to feed water quality changes,
Adequate pre-treatment a necessity,
Membranes susceptible to biofouling,
Mechanical failures due to high
pressure, Membrane life expectancy

around 5-7 years

Forward osmosis (FO)

Released highly concentrated
brine, Flexibility to choose an

appropriate draw.

High energy consumption.

Electrodialysis (ED)

High removal rates of salt, Able to
generate high brine concentration,
Less susceptible to scaling, High

segregation of metals.

Requires high capital cost, Clogging
and energy loss.

A151991 1-1 wialulaglunisildsuivzaduiingg [2][3]

Multi-effect Electrodialysis

Other

distillation
(MED)
8%

Multi-stage
flash
distillation
(MSF)
24%

i 1-1 dadunisldudazimalulaglutagdu [2]
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anmeasnaiueanty Welvniseenwuudulusdvazdeniolru 9nesiindninue (Criteria) Tunns

9

a [ PN

fsanauanvusiddyvesdasinalulad daandunisned 1-2 wetilugnisasasuuu (Scoring)

wazasUnaLiienimaluladnvzaunandmsun1seenwuUNTEUIUNTT

Criteria Definition Trend
Scale Laboratory, pilot plant to commercial scale Commercial
Treated water quality Salinity of the product water [ <500 ppm] Min
Adaptability Input salinity that the technology can handle [30,000-50,000 ppm] Max
Water recovery Product water relative to input water Max
CO; Emission Emission that released from technology Min
Energy consumption Amount of thermal and electrical energy consumed per litre Min
Cost Capital and maintenance cost Min

A5199 1-2 BannaatunIsRaNsaieLdanmalulad [4]

cal = = I3 a v . ! a 4'
inaua A ilafaauasduningiaaausudu (Pre-screening) feuni1suseilluaviuuiieasung
\Hosnndninasivisanuaziduuniigadusngainvalulaiumunzaudmsuniseenwuuiilonauauss

AegUasAvaInNImgnaInIsuIINtoaLiiusle

AUSUNANLNUNLITNINPIYTEAUTUVDUNALULAT 3INNITNUNIUITTUNTTULBLYINNTUTZI UMY
Technology readiness level (TRL) [5] wudniliiiea MSF, MED, VC, RO wag ED winiiu Neglusesiui 9
%qLﬁmMﬂIuIaﬁﬁgﬂiﬁi’fLLé’ﬂuL%ﬂwmisnéuazﬁmmmmzaaﬂumiaaﬂLLUU Tuaue? MD, FO way AD &4

Juilgessduturaslsanudusuuiinidegnimun [6] wasdnuainvatomealulagndsegluszau

Y
WosUURNT3
M1597 1-3 WARIAAN Bz YD AaENALLLAEAINNINUMILITIUNTIY Feanunsauseiiuladn
14 MSF, MED, VC, RO uag ED A1115099AANMLANTS aRwTeTIuT llarane (Total dissolved solid,
TDS) 21n32AY 30,000 - 50,000 ppm Falugrswesumeialiegluszdufininil 500 ppm Fadugas

UNFYeunan I9LUAMUMLILENFINSUNISODNWUUY
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Technologies Treated Water CO; Emission Energy consumption Production cost
quality [ppm] | recovery [%] [kg/m’] [kW.h/m’] [$/m’]
MSF ~10 25-50 6.9 14-25 0.56-1.75
MED ~10 0-65 5.5 7-25 0.52-1.5
VC =10 ~50 51 20-25 0.87-2.6
RO 400-500 30-60 3.8 4-6 0.45-1.72
ED 150-500 85-94 2.5 1-12 0.6-1.05

M13199 1-3 Audnvagmuvaninaeiveusasinalulagninisldanuludandyd [2]3]7]08]

WaNAITUINANNUN NN ATV ILTITIuN I azaremaluladaiuisasule wud ED
anusasuysunn TS Taileayae 100-12,000 ppm Feeglureuiunvadiinieswitduy deinisnisuidn
Judu 8198y RO NoU WaNIINT 19w ED aziinsuslnandsnululSunausiuiniloiisuiu

wiAlulagdu usfuanumedunuitgannuietu dady ED azlignfinnsaniunisussfiupzuuy

AFUNISUTEEIUAZLUY TARINUATIVDILARE A NNUIIIEAZLUY 1 D9 5 Tagvinn1suseiiiu

MaAngaan AvgawazARGeveIuiarAuan v Beladeasudinini 1-2 Iunaluladesaludaiundy
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Vapour Reverse osmosis Multi-stage flash  Multi-effect
compression (RO) distillation (MSF)  distillation
(VC) (MED)

B Max Water Recovery
CO2 Released
B Min Energy Consumption

B Min Water Recovery
B Max Energy Consumption
Max Cost
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NREfuazIUIA lUN1TRNIUY

nsYUIUMSNAMINE ANt A uAuTusEmAluTad Multi-stage flash distillation (MSF) &4
ofemdnnsisosnudouwsvesnsnaneidule (Latent heat of vaporization) witeliimziaiiendy
louagmuuiuwduinazenn stuvosaludaiunduduisiigniautuiiowdedulasnsstunszuaunis
ndu esanlddeslindsnuninuieu Hiflssnudnanazdniiunisnieldgungiung wazide

AlgIedundueLdntssdlaisuiunszuIunIsNaY

2.1 guvnamansialivadeaalu®s Lasnann1sNUEIUYDINTTUIUNITORELNTERUNEGU

a . [ A a X a v o a £ A A
godaluda (Osmosis) LIUNTEUIUNMINAATULBIMINSTTUVIRVBIIINazaeUSaNSHIWEeLEN
K1Y (Semi-permeable membrane) 3MNa1savanedeatdlidasaraedutu Inslodeninueeauliia
o A ! v oA | vl ] o o 1 A A ! & =
agarguiiuiausadulule Weddesliiinisunsvesivhazatgiiuieidoniiuaunseianege
auna ANNFuAIBuanvganNIsineadludatusendt Anudueealudn (Osmotic pressure), TU lag
ansaiiaainsuliansgiuanugesasazaeudulueealuiinesngnindiinagaie usaus [9]

[ PN a a o o w ' a a 4{‘ < = =
WQLLﬁ@QIUE‘U‘W 2-1 ﬂ'ﬁLﬂ(ﬂ@@ﬁilleﬁﬂllFI'J']llﬁ']ﬂﬁg@ﬂ']ﬁlﬂﬂiu33‘U‘UVﬂﬂGUTJV|8’] Wesanidunilaluid

adesansuuuldlindsnuiugerugas (Cell membrane) Nvimihiusenilagaiiansnu [10]

Sefinnsangummamansiaivosansazaisgauad [11] maaszaislouanignedisidndiadl
(Chemical potential) ganinlugsigniafifdndindisani aundisssuvasiidndindivintu seuuduia
dhdaunatgnie deu Sananldunnegdndiaiivasiavhazaneuans, w(T,P) fanunnindndiad
yossviazarsluasazaty Geflevdinluaiiu x, wep (T, P x;) 39Ann1seoaluda d1iinauiy

Tifvansaganewifiuanuiuesalufnudy stuufasdidaunadnase lnsanunsadeunnuduiuslugy
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Pure solvent Solu

Semipermeable
membrane

(@)

A 2-1 pealuda [12]

@

tion Pure solvent

|~1* (T; P) = usoln(Tr P+m, Xl)

Osmotic
pressure

Semipermeable
membrane

(b)

(1

Solution

)

NNTRFIUNTIUMENYVB3318a% (Raoult’s law) vuauMsdndindvedansazaie aglai

Msoln — W = RTInx,

wnuAMUFUNuStasluaun1si 1 azlein

uW'(T,P) = u*(T,P + m) + RTInx,

(2)
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efiaNTaaNNTYagIUVeINEuBasEAud (Gibbs free energy) WagaduduNusvoILUNTIAH

(Maxwell’s relation) agl@7n

oT

9G
G(T, P,n;) = (—)
P,ni

m

1=

dT +(6G) dp +Z(6G
ap T,l’li . 1 ani

G(T,P,n;) = —SdT + VdP + X2, y; dn;

WafiasuneyiusyesLieuiuAIMUAUYeY Partial molar Gibbs free energy, G; =

winpedndiail Tunsalfngaumagiiuazduiuluavetesdusenaunsi agledn

aG;
dap

o V, fi® Partial molar volume A8 V/n;

>T,n-

1

(%) -
9P )1

dIJ.i = \_/ldP

)

T,P,Ilj

dni

aG

al’li -
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)=

N NaasanNsUSRuSaun1s Tuveuwnvasnsiinanuduain P iUy P+ wazaindndiadl

W (T, P) g (T, P + m) neldaunsignuin Partial molar volume Taidsuudaslumuanusu

w*(T,P+1) P+m
dP—i = Vi ]— dp
u*(T,P) P

w*(T,P +m) — p*(T,P) = V,[(P+m) —P] = Vin
wnuaumsi 2 adlunawwas gl
—RTInx; = V;m
W39913Na131LA0 —RTIn(1 —x,) = V;m
MelaanuRgIuInasazaIelneuINg, x, << x; 91991 WAYes —In(1 — x,) =~ x, Fath
RTx, = mV;

Ingiavadiuluavesingnazats x, = ny/(ni+ny) = ny/np ke

n, Vv
RT—= V= —m
n; n,

n;

= —RT
=y
m = MRT

ISENEUNI1IUI Van't Hoff equation il M s Tuai13@ (Molarity) #50A27U N TUYD S

dnsazany Iuwaﬁﬁuaqﬁﬂu’guiuaﬁagﬂazmﬂ (ny) saUSHIwsVRIETAazaY (V)

lunsdlansazatedanivslad Faeyniednisuandudulessu dmsuarsazarsluieunaslsd

Yy =t a4 a a wa a A a = [ ]
ANLUNTUAINUY LWotNanITUasuLUasauUaanaatn i azAnn1siUasulLlaududanives
asazanednyiandanuuduniniu Melilesunainlessy Na'wag CU liiieyn1avesfignazaie

dusurnusupaaluAnlu

1t = iMRT
A LA y A o Aa 1 a v a Y
\la i A Van’t Hoff factor fladuiueunia (leosw) nilegassluasazangnauinnisuand

Fatiu Ausueealufniawdunilduautfneadindin (Colliative properties) vasansazane

ﬂénﬁalﬂuﬂmauﬁ”ﬁ%uagj fuduINeUNIATRIMIgNaYaiy Tnelsigurulassadranazesnusyneunia
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LWALYDIET FUSUUIMLZLE FILANUINTUYDWNED NaCl Uszunad 0.7 M danusupadlufnlnendsag?

Y

30 U538INA Vgaunndl 25 °C

S 5 o

WHPINTAMUAUNNINNINANUFUDDATURNNABILIVUANTAT RSN TUnSHT frviazalean

U3iivesarsazatsazunsiiuidaidoniuidgiivinazatesusgnsunu aednvuzildgnisenit

o
)=

nTgUIUNITeRaludaundy (Reverse osmosis, RO) Adkanslusuy 2-2 Fansvuiunisill

o

AONUINN

Y

Usvendldlugnamnssudmivueniioanainaisazaiodudusie saudanswasuiineia Uinsee

ysaudslmduinazeannse [8]

Applied Pressure Pure Water
Fresh
Salt Water
Water
. -L O
Contaminants o
Water Flow

AR 2-2 eedludatiundu [13]

2.2 STUUDDELUTANUNAY

éaﬁwﬁmé’uﬁuLLSﬂﬁamﬁLﬂﬁwﬁ@mé’ﬂwmmaaﬂfmmaﬁr}huvz’fngﬂizmumi WoUszifiu
wdodddnmsuiuanmiBudusesuuuule uasmheufiRnisesaludadundumsiivuiadusinla lag
p1dMITIapvUrUTUsUNIIANS3U 919 2-1 asuansgudnuuzLarsiUsEnouiivulouoglu
dnzia Feflnasonissiassuuy 81989990 The 2019-2020 TIChE National Chemical Engineering

Student Design Competition
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Analyse Result Method
Cations [mg/L]
Barium (Ba) <0.02 Based on APHA (2012), 3125
Iron (Fe) 0.14 Based on APHA (2012), 3125
Manganese (Mn) 0.02 Based on APHA (2012), 3125
Strontium (Sr) 5.44 Based on APHA (2012), 3125
Calcium (Ca) 380 Based on US EPA, Method 200.7, Revision 4.4
Magnesium (Mg) 1,195 Based on US EPA, Method 200.7, Revision 4.4
Potassium (K) 402 Based on US EPA, Method 200.7, Revision 4.4
Sodium (Na) 11,336 Based on US EPA, Method 200.7, Revision 4.4
Ammonium (NHg) 0.48 Based on APHA (2012), 4500-NH3(F)
Anions [mg/L]
Fluoride (F) 0.9 Based on APHA (2012), 4500-F(C)
Nitrate (NOs) < 0.05 Based on APHA (2012), 4500-NO3(E)
Sulfate (SOq) 2,403 Based on APHA (2012), 4500-SO4(B)
Chloride (CV) 17,098 ISE Application

Neutrals [mg/L]

Boron (B) 3.20 Based on APHA (2012), 3125

Silica (SiOy) <05 Based on APHA (2012), 4500-Si0O2(D)

Parameters
Alkalinity as CaCOs [mg/L] 93 Based on APHA (2012), 2320 B
Conductivity at 25°C [uS/cm] 48,200 Based on APHA (2012), 2510 B
pH at 25°C 7.6 Based on APHA (2012),

Temperature [°C] 29.6 Based on APHA (2012), 25508
Total dissolved solid, TSS [mg/L] 35,680 Based on APHA (2012), 2540 C
Total suspended solid, TDS [mg/L] 7 Based on APHA (2012), 2540 D
Turbidity [NTU] 4.6 Based on APHA (2012), 2130 B
Total organic carbon, TOC [mg/L] 0.01 Based on APHA (2012), 5310 B

M19197 2-1 AauanvazuazesRUstnauvuleuluiveia [1]

[V

33 UU00AlUTANUNAU (Reverse osmosis system) HoaAUsznaundngvisdu 4 ddu [14] laun

sruuUSuanmiineuldinszuIunig (Pre-treatment) 1AT83g UL UES (High pressure pump) 1

[

15U (RO membrane) LLazﬁwU@LLaamwﬁmé’qmzmumi (Post-treatment) a3y fananslunin

7 2-3
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AN 2-3 S¥UUDRdELlUTARUNAU [3]

1. MsUSUanN MUNAeULININTZUIUNIS

dehudnunluusuvesesaludadundvazdoaduilagzoin Tiulu Wowuusuay
anUsnmsizndeannidivza wazvilivsuansivasesimiuloanas Mefigaudindesondeausiu
a = = 1@ Y a 1 [y =~ Y a H A a Y <
Munvuvsslififesudsuwmaiusuneussegdunls e lusinanazaun mvesazenindaliduly
aunimun nsusvanindilududuiadudadedrAglinisinuvessyuu eealudadunduidulula

28190507 Tneialdinazlenisduansieidudu Msen1snsaseinus ultrafiltration (UF)

Ultrafiltration 1Jundlslunsyuiunsiuuiusu (Membrane process) @ofaauauslunisdu
AUUINTULEBLEDNH U OAANTBIDYNIABBNIINUINIBAITATAY LAEEINITANTBIOUNIALADITUIA
6 1

0.002 lupseu NeasuYIuany (TSS) AU (Turbidity) wuailie 135a saufsansdunidana (TOCO)

wulusAunagluduazgnnsesesnluvua [8] dsanslunmg 2-3

10



OP-1258

z lonic 1 Molecular l Macromolecular I Microparticle [ Macropanicle
Size, um = e
0.001 0.01 0.1 10 10 100 1,000
Approximate

Molecular 100 200 1,00 10,000 20,000 100,00 "

Weight l

Viruses Bacteria
TR S )
Aqueous Salts Algae

Helative EETATII

Sees of

Materials Humic Acids Cysts Sand

in Water —— U

Metal
lons Clays
Silt
et —— " R—— 1. p— {
L Conventional Filtration Proc ]
L Microfiltration _]
Ultrafiftration

Separation

Process ~

Nanofiltration
N— =SS 8 -

AN 2-3 NSTUIUNTHUULUTUY [15]

WLLUSUYRY ultrafiltration azUsznusaniululunanigliteiuainudu (Pressure vessel) 911
TayavesuTEngUe lunaves ultrafiltration Ysgnaumie Ultrafiltration SFP-2660, Ultrafiltration
SFP-2860, Ultrafiltration SFP-2880, IntegraPac IP-51, IntegraPac IP-77, IntegraFlux SFP-2860XP,
IntegraFlux SFP-2880XP, IntegraPac IP-51XP, IntegraPac IP-77XP iag IntegraFlux UXA-2680XP lae

I 1 =3 (% 1% Y aa %
wiaglunanaNaunsnIassuauy wazUsznaumedenissiusenty [16]

2. UUWUTY

° v A & A A ' = a = a Vo P
wauswihnihildubadendu fduseuliluanavsosuniavesasussidaunseululs Tu
NIMVDITLUUDBALUTANUNAU NIUNITNANIBAIUAUNUINAINANUAUDDALUAN LuNtUSUeaL AU s

Wuiendnduiiarenn (Permeate) vaueiivinsiuefiunsvasienlivavszuigoananssuulugy

a15araneLiuTu (Concentrate)

anwazveuNausunfenldiulutagtull 2 viia (8] loun

- wuunaeT (Spiral-Wound)

WUNITUIMHULLLU S UL TSR UAUA UL UNaNaRNIUsI8Yn (Product collection) thiiin

[

1AV (Feed channel spacer) LagwuI993ULLNLUTY (Membrane supporting backing) sufiafuvie
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(%
o o

Sud (Product tube) kazUsenauRniuviaulfu (Feed inlet) wagviatnig (Brine outlet) Aawanalu

= = 2 aa .:4' = ad A
AN 2-4 LNNLU?ULL‘U‘ULﬂaEJ'JL‘UUV]UEJNN']ﬂVI?‘mLuaﬂﬁ]']ﬂllWUVﬂu’ﬂ'ﬁﬂi@ﬂlﬂﬂ

Permeate
pipe containing :
collection holes Antitelescoping device

Feed solution

Permeate

Out

across feed
channel spacer

Feed solution

Membrane
Permeate flow (after passage
through membrane into permeate
Covering collection material)

Permeate ollection material
Membrane

Feed channel spacer

mwﬁ 2-4 Spiral-Wound RO membrane [17]

- wuuEdluagdeanais (Hollow-Fibre)

a o

I ¥ = 1% a 1 v 1 4
LaNWUL U ULEUYNIIALDULAUNY LLﬁBNE@gﬂ']EJI‘U Laumu@uaﬂmamauaﬂﬂizmm 90-95

luaseu waviduruaudnatsnisluyszanu 40 luaseu w@uloves Hollow-Fibre azgniungusiudn
Mgy Uavngaeanend uaiuszneuiudiiuvieinsu vieSuiuagyieune vasaniudiulseney

o
a o

Manundegnanaslilu Pressure vessel Asuandluninil 2-5 fiuilunsnsessie 1 JAav0LUNUTULUY

EUleazldaANaI99zUINNIMUULN AL

Concentrate F
Snap ring outlet low screen

O ring seal

End plate

Oring seal
Porous feed End plate

distributor tube

Fiber Shell

mwffi 2-4 Hollow-Fibre RO membrane [17]
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wausuazysenautudnlunilaniae Seniiluga (Module) Tugaudasduazgnussqdu

machine model LazITOUAANULATOIAUUILTIAUGS M1T1N 2-2 UAAIAMGN YA VBILUUTIADIUATEY

pealu@anundu (RO machine model) dwsuingia Falinsldauludanndivdvesusunaios (SUEZ)

RO machine Stages Pressure vessels Elements Feed TDS | Recovery [%] | Permeate flow
model per stage per vessel [meg/L] [m>/day]
SeaPRO-E Series

SeaPRO-E-36 1 6 6 45,000 35 500
SeaPRO-E-72 1 12 6 45,000 45 1,000
SeaPRO-E-105 1 15 7 45,000 45 1,500
SeaPRO-E-210 1 30 7 45,000 45 2,500
SeaPRO-series
SeaPR0O-8,45K 2 1 4 35,000 ppm, Recovery 40-45%, 4.5-13.6 ma/day
SeaPRO-16,45K 2 2 4 45,000 ppm, Recovery 35%, 4.5-13.6 ma/day
SeaPRO-24,45K 2 3 4
SeaPRO-42,45K 1 6 7 35,000 ppm, Recovery 40-45%, 22.7-68.1 m3/day
SeaPRO-63,45K 1 9 7
SeaPRO-84,45K 1 12 7 45,000 ppm, Recovery 35%, 22.7-68.1 m3/day
SeaPRO-126,45K 1 18 7
SeaPRO-210,47K 1 30 7 47,000 35 2,500
SeaTECH series
SeaTECH-12-60 1 4 35K-38K 40 163
SeaTECH-35-60 1 5 7 35K-38K 40 454
SeaTECH-84,45K 1 12 7 37K-45K 36-40 1,000
SeaTECH-252,45 1 36 7 37K-45K 35-45 3,000

q. o lﬂl a U U a o
N1919N 2-2 qumaaaLmaﬂaaaimamuﬂausuawwwa,aszi [18]

T A a o [y B ° I = & 1 I
UMRILLNLUS UV tDedluTaluNa uazilan TDS anasausinia 500 ppm FIUUYIVDIUITN

| 3 T a o eaqy v = ") Ay = o &
@EJ"IQVL'ﬁﬂG]"IlI Mqﬂuqf}\lﬁmﬂmgﬂ‘mlﬂﬂqﬂl&mLUiu’EJ\‘illﬂﬂJﬂ']W‘LiJLUUVLUW"INV]W'EJQﬂ"Iﬁ LUANUINTUY

=i o

NASHD

FOLUUEDITUMNDU (Double pass) @atuutusuiildazaiuisasessuan TS Turasuinsey d11su

WUUINADIAT0990a LUTANUNAUANSUSEUUADITUABY WEAIAIRITIN 2-3

RO machine Stages Pressure vessels Elements Feed TDS | Recovery [%] | Permeate flow
model per stage per vessel [meg/L] [m®/day]
TITAN-90,2 pass 2 6 and 3 6 15k-25k 66-75 904.8
TITAN-180,2 pass 2 12 and 6 6 1810

ﬂl o dl a U U o U g dl a o
N394 2-3 qumammeaaaim%amunaummwumaumaawawswqw% [18]
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2.3 LUUINA2IMNNANAAEASUIN15818T8UNRENTHIUST UV DA LUDHRUNAY

dmsunmsinauvessruveeali@adundu agldnisanelouiaasiuugauai anunsaleueg
lusduvuieemuedineaniogrsiieiiiovinunenadnsiasiiniu dmiunisagleuniaansvedluana
Urumusutzdussdudunaiisssninnnudiuandannaseumniusy, AP funadsruduesalyd

nsenInansUoulasnaniog, At Wandvesun (Water flux, J,,) [ke/m?s] aunsadeulansasnis [14]

_ CwpDwVw (AP - ATr)
W RT z

A U

Wie C,p AB AILTNTUYBIpermeate [ke/m?], D, Ao duUTEANENITUNIVBINWINUTY [M?/s], vy

& . H 3 =
A partial molar volume Y8311 [Mm”/mol] kg z A AINUNUIVDIUULUTU [M]

dwsundnduasiignazaie (Solute flux, J) [ke/m?s] ¥TUBLTUINTABUNYDIAIULTUTY

(Concentration gradient) Asauns [14]

Ci—C
s = Dsss (<2

Wi D ﬁaﬁ’wszﬁm%ﬂﬁl,l,wésuaaﬁ’agﬂazmaiumm‘uau [m?/s], S¢ AB @NINNISATAIY (Solubility), C¢

e Aadutuvesiignazatglninfu ke/m’), C, fip ANUTWIaiIgnavatslupermeate [kg/m’]

1135990 (Membrane rejection) [16] a1u1sadenulaainaaniesendteanududuvaiagn

azangluihiuiazaududuvessingnazanglupermeate faauns

Ci—C C
R=u=1__1°

o Cr

meanuRguImiheufiansednelian1ieassi (Steady state) 819108 UANARLIAATTOY

wusulugvvesdninislyaidalsuinsuespermeateuasnanglain

Sa]w Sa]s
W=t —"=7
wp p

i Q, ABdNIINTSlualTNUINIMITaIpermeate [m¥/s] way S, ApTuNAIVELUNLUTY [m?] faty azla
ANMUAUNUSI
Js
Cp = pr (]—)
w
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wazAn1svdnfaunsadeulalluguveanandladu

Jeonananlain amsedaduileiduresaudulazanuidudy dmmnamuduananAsouLI

a1 dy Qll £ 6 L% a1 Qll -] Y1 [ a1 4?’ 1
wiuilAnanniu luvaeindnduesdignagzateiiained aevilirnsvdnvedsiusuiiuniy aegels
A wuuiaemeadamansdniunisasleutiaaisiugaueituldensinnenamaslaogauiugly
Auduass wmnluRasaradnsveensiinlnailsiwduresnnuidudy (Concentration polarization)
wagnsiinngnTunwusudaziinavilindnduetpermeateanas wazszuunieganiaiiganizliing

M (Unsteady state) @4naiadeisidediuavlunisiigainsiunaiaay

° [ ' ! = o ' = 1y a Y I [y L
ﬁ’]‘VﬁUigUU@EJ'NQWEJGUQLT.JUi%“U‘ULLUUG‘I@LU@QLLangllllﬂ'ﬁLUaEJULL‘UaQGU@ﬂWJLLUEL’V]EJUﬂUL'Jﬁ’] SN
ANUN30UNEANAANIAATTBULLNLUTUE MU TN a3 uNnsueIfiv, Qr wardnIINTTtuaLT

USumsvespermeate, Q, 19a1nA1 Water recovery U8duutusu lagil

Recovery = %

f

2.4 N5E319UUUINADINNGIAINTTULAT]

Tun1sasauuuiaemaimnssaivesnssuiunmsasuimaadui Iaiwussuveealyda
Aundu azendelusunsudniagy 2 Wsunsuuszneuiu Ingldlusunsu WAVE Design Software ‘?jﬂg]ﬂ
ﬂ’@um%ﬂmu’%ﬁwaﬂaaﬁ (DuPont) dmiunissiassuuuszuy ultrafiltration Bsldvdnaanuyu voeuds
LLmuaasLLamﬁuau%w‘%ﬁaaﬂmﬂﬁ’mzLa TUsunsu Winflows : Membrane system design software
FagnitmundulasuTongien (Suez) iesiasauuuiuusuooaludaiundu Sdddvdnlossuuasnamii

U3gistudunauaning

N13aiLUUIIaemIInTTIAll Aedeslin1sivueauufgIusenvuaveulaluns
suflunsiietiglinsesnuuulinadnsiiulug) wazaonadasiundnniseeniuy nanfe anienis
Inaiduaniizaada (Steady state) %aﬁaLLﬂilﬁﬁuagﬁULaaﬂ Fadu Feaunsariunednsinislvaida
Uhinsveainfudsiosdoudngdunususealufaiundulfandr Water recovery [16] uazaArmgues
nssuunsasuimealuiiinde 2,000 @Jﬂmﬂﬁmm@ia%ﬂm 189199939717 The 2019-2020 TIChE

National Chemical Engineering Student Design Competition [1]
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uni 3

LUUINADINTZUIUNISHANUIININUINSLANIUS UV D E LUTANUN AU

SrUveRaluTaluNaUILYNTNDUUHIUTUTUNTH WAVE uaz Winflows 1ieviugnaiaasyad
AUAALNIAANIIOUTTUY wazRan v ndnduviindulunuiidesnisusely Tagununmnisivawuy
naod (Block flow diagram) WazluuAINNITINAT8INTEUIUNIT (Process flow diagram) V0453 UU

DOAUTANUNAU LAASIUNINT 3-1 LAZAINA 3-2 FUAIPU

Permeate
200.0 m3/h
Na =0.35 mg/L
Cl=0.57 mg/L

TDS = 1.42 mg/L
266.7 m*/h

——
Na =33.57 mg/L
Cl =55.14 mg/L
TDS =94.2 mg/L .
High Reverse
> Pressure > Osmosis 2
Net Filtrate Pump
F=761.9 m*/h
High Reverse
> Supply —»| Ultrafiltration > p > .
Pump A ressure g Osmosis 1
Pump
Feed Water 22.7 m¥h
820.9 m3/h
TSS = 7.0 mg/L Concentrate
L
TOC=1.5 mg/L 561.91 m*/h
Waste > >
Na =10,467.38 mg/L Na = 15,699.94 mg/L
54.9 m*/h
Cl=19,149.98 mg/L Cl=28,751.14 mg/L
TSS = 7.0 mg/L
Fe =0.16 mg/L Fe =0.24 mg/L
TOC = 1.5 mg/L

Si0; = 0.56 mg/L

TDS = 34,658.65 mg/L

AA 3-1 LNUATNNNS IRALUUNEBIVDISY UUDRELLTERUNAU

Si0, = 0.84 mg/L

TDS = 52,060.84 mg/L

16
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. Gross Filtrate Net Filtrate
- "

Ultra Filtration

Feed P
sed Tump Backwash Pump

Fead Water

Juey ajesyiy

\ = \Waste

Strainer

Product-2 -
ﬁ RO-2PASS

Dosing Product-1

NaCOH g ' 2

High Pressure
Pump-2 RO-1PASS

| Fo—
High Pressure
Pump-1

Consentrate -= -

AN 3-2 LHUAINAITEARYBINTZUIUNISENSUSLUURRAUTANUNAU

ihmzaargniloudigszuy ultrafittration ifududuusnifterhmstidaduduteudnguanusuy
ovoealu@asiundu Tnelussuy ultrafiltration u agUsznaude strainer Teidaaineuszana 150-200
luasoudfiovhmihiinseneinsisfiunssuazainsisesnaininiu ndsnduihAvasgnileudngluna
Y99 ultrafiltration \ieyn13nseD ALY vosudeuwiuassuarafuaudunidoanty d1ainnns
nsasunsdrnanagniundululdlussuuifieranuaretauuusy e19desruudinidoundy
(Backwash) sguuanmieansiadl (Chemically enhanced backwash) wWugsazatensawngs (HCL) wag

arsazanelaneulalunaslss (NaOCl) wsanieni1siiay (Air scour) [20]

hnanfusifleanansruuiinduiuiuaggnieuluduaiosguiiussdiugs Fuivihiisna
sulitasninanuduesealufnifioliifnnszuiunisesaludauuuiundy didounssiugesdadilugs
Tugaveseoaludadundy ian1sunsvasluanaiiiudomniusy a1nnssassuudelusunsy
Winflows wuin Tudusuty wausuddldanusovdnlnfonuaraaslsdlildmudaimun dudu Saes

fimssenuvuaasiuneu (Double pass) WistinAuuIansvonlilulumudidenis egdlsia an pH

17
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V99U NANN UNTIP1NN1591809UUTA 5.36 FITIALANAI9INYINADINTT (5.5-7) F99090N15LAL

T#a1lnl (Chemical dosing with NaOH) iileusuaninnsassvessansasiinidunansdl pH wirtu 7 1ne

A5 3-1 WERANARANIAaN3TIlARINN1TTR0UUIINTUTLATY WAVE Lag Winflows Tugusnsinis

TuadsUsung wavesausenouduwdouluming ppm nsu

Seawater UF waste UF product | RO product 1 | RO product 2 RO
concentrate
Volumetric flow 929.7 761.9 163.1 226.7 200 561.9
rate [m3/h]
TDS [mg/L] 35679.96 - 35679.96 94.19 2.30 52,060.84
SiOz2 [mg/L] 0.58 - 0.58 - - 0.84
Fe [mg/L] 0.16 - 0.16 - - 0.24
Na [mg/L] 10,775.23 - 10,775.23 33.57 0.65 15,699.94
Cl [mg/L] 19,713.92 - 19,713.92 55.14 1.06 28,751.14
TSS [mg/L] 7.00 7.00 - - - -
TOC [mg/L] 1.50 1.50 - - - -

A1599 3-1 AURANIAA1TVDITEUURRALNTAlUNAUTAINN1TTIRBILUY

MndorimunfunmMYeHENS 991989990 The 2019-2020 TIChE National Chemical

Engineering Student Design Competition tiotiunussuiisuiunadnsnlaainnisinassuuulag

Wsunsudniagy nuihdianuaenndesiusazmuizaniunisimunludomnded dedudsednsnis

v a

snaula (Coefficient of determination, R?) winfiu 0.9990
Product quality Regulated value [ppm mol] Regulated value [ppm ¢] | Simulated result [ppm g]
pH 5.5-7.0 5.5-7.0 7.0
Conductivity < 5 pS/cm < 5 uS/cm 5.5 pS/cm
Silica < 0.02 < 1.20 0
Total iron < 0.02 < 1.11 0
Sodium < 0.5 <115 0.65
Chloride < 0.5 < 17.7 1.06

t:i ) I a (% L3 1 1 d' o 1 o
A15199 3-2 NMSUIYUNYURNARAUNTEIINNAVNIRUALAZAIIINNITAIADIUU [1]
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dwsuansisadlaa (Utility) Bdldlunssuiunisudnil uanasannsai 3-3

OP-1258

Utilities UF system RO system
Electricity [kW] 229.4 1,888.9
Air [m’/h] 1752 :
HCl 32% [L/h] 721.2 -
NaOCl 12% [L/h] 980.23 -
- 0.0008

NaOH [g/h]

M13197 3-3 assayulamdagnlvlunszuiunisudn

dmiuukunmSTULTiakayseuuInAY (Piping and instruments diagram) ¥83n3¥UIUNNT

WasudmzalduinInme se U odaluTaiunautl handiInIng 3-2

Conc. Valve !é

Filtrate valve X Net Filtrate
Gross Filtrate
=1
2
= Backwash Valve
B
=} o
i 5 5
A Sﬁour Backwash Pump &
Feed Pump | ®
4 M
Feed Water ' z
Strainer Air Valve T
% Waste
} | FeedValve Drain Valve
| |
ro- OO
|
|
Product-2
= | RO-2PASS |
|
|
Product-1
Dosing
NaOH
High Pressure RO-1PASS
Pump
High Pressure
Pump
Consentrate

AT 3-3 WNUNINTEUUYBLAYTEUUINANYBISTUUDRALITARUNSY
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uni 4

4.1 MU uanIs wazsinvawmtu)uAns

OP-1258

iU URN1T (Unit operation) @egnldlunisesniuussuveealudanundu Usenaumeinias

90 53UV ultrafiltration Faudun1stintuiu wazwuusureseealudaiundudeusznouiuiuduluga

Aelutapnuey (Pressure vessel)

- Lﬂ%aﬂg‘uﬁﬁ (Water pump) UagiAIe48as1nA (Air compresser)

- Tueasyuy ultrafiltration

WILLUSUVDITEUU ultrafiltration 1Wunuv Ultrafiltration-SFP2880 %aﬁmmmmsaﬂumi

Urindududmivanaivngsy 1aen19199 4-2 uag 4-3 WaAIAUANYMELAZAINIVUATUIAYDY

Ultrafiltration-SFP2880 @381983971nUSeman1l (DOW)

Operating Parameter

Flow range 210-520 GPM
HP 60

RPM 3500
Voltage 230/460 VAC
Frequency 60
Phase 3
Enclosure TEFC
Max. Inlet Pressure 200 PSI
Max. Discharge Pressure 1000 PSI
Stage 7

= = S - Y
M1919N 4-1 LﬂiE]Qé;IUU'WLLﬁ%Lﬂi@\‘i@@@’]ﬂ’]ﬁ
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Model Type Material Membrane Module volume | Weight [ke]
area [m’] [Litre]
SFP-2880 Hollow-Fibre PVDF 77 39 61
M13197 4-2 AN WUEYDAULLUTY SFP-2880 [21]
180 i : ]
{ﬁi—i\
=y :
4 J
\/ { ( - Y | _
(. [{ |
\ - | ] ‘
\ \ \:/§/ ;/'_\\6/
AA 4-1 pwRneasluga ultrafiltration
L Ly Lo L3 D Wi W>
mm 2,360 2,000 2,130 2,320 225 180 342

5197 4-3 yurnvedlugadmiuluudians SFP-2880 [21]
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Flow range 3.1-9.3 m’/h
Temperature 1-40 °C
Max. inlet pressure 6.25 bar
Max. operating TMP 2.1 bar
Max. operating air scour flow 12 STDmM*/h
Max backwash pressure 2.5 bar
Operating pH 2-11
Max. NaOCl 2,000 ppm
Max. TSS 100 ppm
Max. turbidity 300 NTU
Max. particle size 300 microns
Expected filtrate turbidity < 0.1 NTU

OP-1258

A5199 4-4 WISTLNDIVDINITANRUNNTAMTULUUIIaDI SFP-2880 [21]

- Tueasvuvsealudatiundy

(%

wausueedludadunaduaviluviininde) (Spiral-Wound) Aflfiudilunisanslousnaansuinuay

Tovdauviauudnn ool aeuwandlunini 4-2

L1

i
o —
— 5] .

Permeate Tube

AN 4-2 NMNA8VDILUNLUSUDDALLTANUNAU [18]

31NN15TaeuUAIslUsunsNdNSagU wausueealudatiunduwsnanazlduuudiaes
SeaPRO-210 FalAauanuaieiMuafinIs1en 4-5 U1fINIuaIn SeaPRO-210 adiAn TDS fianadsuagly

S a 1 g  a = 5w a A o o ¢
YoULAIDIIER (<500 ppm) o813bsnA Usunawedafsuuazraslsndinafuuinsgiunivuald 39
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deosdinsramausuduwuugestunau (Double-pass) ieliindndusidnnnmauidenis lnewu

wiuiaezlduuudiass TITAN-180 Felinadnuaierinisdn 4-7 dwsuvdnlossundivegiisly

Element type Type Membrane Area [m?] | Length [mm] | Diameter [mm] | Weight [kg]
SW RO 370 HR WT Seawater 34.3 1010.6 45.77 16
Spiral-Wound
AN5199 4-5 NISAINRUATUINYDILHULLILUTUVDILUUIIABY SeaPRO-210 [18]
Operating parameters
Recovery 35%
Design temperature 25 °C
Operating temperature range 15-32 °C
Design feed TDS 47,000 ppm
Nominal rejection 97-99 %
Minimum inlet pressure 2 bar
A15199 4-6 NIALMDITVRINIANTUNTAIMTULUUIEBS SeaPRO-210 [18]
Element type Type Membrane Area [m’] | Length [mm] | Diameter [mm] | Weight [kg]
PRO RO 400 WT Brackish 37.1 1010.6 42.31 16
Spiral-Wound Water
Polyamide

A15199 4-7 NMIAPUATUIALKULLILUTUTBILUUT188S TITAN-180 [18]

Operating parameters

Recovery 66-75%
Design temperature 16 °C
Operating temperature range 16-25 °C
Design feed TDS 15,000-25,000 ppm
Nominal rejection 97-99 %
Minimum inlet pressure 2 bar

A5199 4-8 WISTLNDIVDINITANAUNITANMNTULUUI1aD TITAN-180 [18]
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dmMTUTIMvemUIBURURNISAN9Y kaReiInIT199 4-9

OP-1258

Equipment Specification Cost [THB]
Supply pump 1,689,600
Strainer 150 um 2,000

UF pressure vessel

Ultrafiltration SFP-2880, 252

modules

1,209,600 + 2800(252)

Ultrafiltration membrane PVDF Hollow-Fibre 4,800

Filter tank 131 m’ 33,000
Backwash pump 7,500

Air compressor 7,500

High pressure pump 1 13,464,000

RO pressure vessel SeaPR0O-210,47K 210,000 +2800(30)
RO membrane SW RO 370 HR WT 17,713,710

Spiral-Wound

RO pump 1,689,600

RO 2 pressure vessel TITAN-180 108,000 +2800(18)
RO 2 membrane PRO-RO-400 7,906,860

4.2 AUNUNITHEN

ANTIeN 4-9 AeweUfURNS [16]118] [23]

AUNUN1SHER (Production cost) ArAlddslutadunisudnfldlunszuiunisuda Fadl

druusznoulusunuaan (Fixed cost) Fadualdinedmividadoni duegiulsuamandn uay

AUl (Variable cost) Fadualdarefiuusiulumuuiunanands

dmiuAunuAIveaduyu (Fixed capital cost) ArAldInefiinduainnisdaniunasduyu

o a = a ¢ @ v . & v = ! Y a a
LAIA199909535A9 Fallosdusznautluiununiemss (Direct cost) Aesuyuitldlunisnelimfnafanssy

Uulagnse wu Aldanelunisfinnsgunsal mdaRsssuLYiBwazszuuInAn Anseualiill AeIAsLas

| aa < v | A v Y . 0 v a ~N Y
AU LJUAU LLagﬁ’JUWLUUWUV!UVI'NaaﬂJ (Indirect cost) IUﬂ'ﬁ@@ﬂLLUUI?QQWUﬁWMiU'Jﬂ’Jﬂﬁi@JLﬂlluu

ausaUTEEILIU U SaE 90U laeg 19139 [22] Asanslumsng
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Range [%] Cost [MTHB]
Direct cost
Purchased equipment 15-40 12.343
Installation of equipment 6-14 4.488
Instrumentation and control 2-8 2.244
Installed piping 3-20 5.161
Installed electricity 2-10 5.386
Building and services 3-18 4713
Yard improvement 2-5 1.571
Installed service facilities 8-20 6.284
Land 1-2 0.448
Indirect cost
Engineering and supervision 4-21 5.610
Construction expense 4-16 4.488
Contractor’s fee 2-6 1.795
Contingency 5-15 4.488
Total fixed capital cost (TFC) 59.025

A15797 4-10 Total fixed capital cost

neNaawa AunNuANvestiunuy asgniiluusediusiuiudnsinende wagszezliaIniug

AanTaiaUseuelda18dunuUsednT (Annual capital charge) Asuandlunisa

Total fixed capital

Interest rate

years

Annual capital charge

59,025,313.6

15%

25

67,879,110.6

A1519% 4-11 Annual capital charge

dmTuRuuNSHARKUSHU (Variable cost of production, VCOP) a1u1safigaunsiulaann

Tadeuusiulunseuiunisnds dalansasiu arsndldugiiiadudiuiwazaissudlnaignly dsians

Tumsn9
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Materials Quantity [Unit/yr] Cost per unit Cost [MTHB/yr]
Product
Fresh water [m’] 1,599,984 60 THB/m’ 96.00
Raw material
Seawater [m’] 6,567,134 0.5 THB/m’ 3.28
Consumables
HCl 32% [kge] 9,181.279 3.3 THB/kg 0.03
NaOCl 12% [kg] 9,296.344 9.9 THB/kg 0.09
NaOH 50% [ke] 14.927 8.58 THB/kg 0.000128

M1519% 4-12 Revenue and raw material cost

Utilities Quantity [Unit/h] Cost per unit Cost [MTHB/yr]
Electricity [kW.h] 2,118 3.7 THB/unit 62.702
Air [m*/h] 1,752 0.5 THB/m’ 7.008

A157199 4-13 Utilities cost

Cost [MTHB/yr]

Main product revenue 96.00
Raw material cost 3.28
Consumables cost 0.12
Utilities cost 69.71
Variable cost of production (VCOP) 169.11

5197 4-15 Variable cost of production
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dmSudunuNINanAsi (Fixed cost of production, FCOP) 191 AU59911 A1UTMS A1U53nwn And

warn1sUseiudy asnsafigaimsulinuanduniasg

MTHB/yr
Labour 4.8 Operators per
shift position
Number of shift positions 3 3.46
Supervision 25% of operating 0.86
labour
Direct overhead 45% of labour and 1.94
supervision
Maintenance 3% of direct cost 0.95
Overhead expense
Plant overhead 65% of labour and 4.69
maintenance
Tax and Insurance 2% of Fixed capital 0.47
Interest on debt financing 7% of Fixed capital 2.22
Fixed cost of production (FCOP) 14.59

15797 4-16 Fixed cost of production

VNENAAWE? AUUNITNENTIUTENBUMBAUYIUNTHENAN AUUNITNEARUIHY wazAlddny

Runuusednl Wudwiuluicdu 242,725 duum

4.3 MINATISINIUATYFAENS

IRR %
10 yr 33.3
15 yr 36.0
20 yr 36.5

A1519% 4-17 Internal rate of return
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Economic Analysis
40.0

30.0
20.0
10.0

0.0

-10.0

Net present value (NPV)

-20.0

-30.0
Project year (yr)

s 4.1 Economic Analysis

v
s v %

Tunshinseiiduasugmansduiudaiisaulatninsegiidefuiau 4 duds i
Net Present Value (NPV), Internal Rate Return (IRR), Pay-back Period wa% Gross Profit ?jamﬂmi
Anreildnaazuin Gross Profit wiefide s18ldainnisue wn dunuane Fuduiilstudu 1dan 8.3
&uunded 89 Gross Profit fiinduuindsiuinssuiunmsitnamu Weamuudisssznaiiasfuny
%39 Pay-back Period agjﬁ 2.8 ¥ viseusvana 3 U waz 3nnnsmlaziiiulainAn Net Present Value v

A aAa

9] = v o X 4 ' va == )
WU 5 “LJ1‘1JLLmJJmVIZJLLuﬂu&JQWULiEJEJ‘]ﬁﬂwaﬁlﬂmmmmL‘U@ﬂaiuﬂﬁawqmaiw
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unil 5

dyUunan1soantuy

v v
o A o E

PNHANITEDNUUULTHIUNTZUIUNTHENUIININUIMZLE mquﬁt’hLLﬁzja%’uvLﬁL%'uﬁ'}ﬂﬁ
gonuuulssrumuland Al un191nuwYsduivanis National Chemical Engineering
Student Design Competition Ingisuainnisdeyamaluladnszurunisfiagiimnldiiie
NARUNIAIINT ML wieuansyuuiEnisfieslddadenmaluladluniswan dleld
welulaBuudmnaddudsduliiinisesnuuulssnudieldndmitdaanimealaeld
wmaluladlsinisdenn Tkt iulainN1seR NRUUANMENN1TOBNKUUY BYIALAT
Tneazianuinundetulauounuioun ladrazidu Block Flow Diagram, Process Flow
Diagram, Piping and Instrument Diagram tusiu s3ufisvinn1smdeyasieg u1lsenaunis
ponuuulssnu TuduhmAengideyamansugmansitetunliusznounsindulaly
N15a3191599U %’Emmm3Lﬁi’ffﬁ"gmmLLéziqsﬁ’uﬂ%gﬂﬁvTﬂﬁﬂﬁlé’%’uﬂizaumsaiu,azlé’%’umfmifﬁ
Huussleviunue Feanansailuldvsslevidelulueuanld wazdildininuesiag 1

Wuuszleviidnuinune
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Design Basis

XXXXXX PACKAGE

DATA SHEET
CUSTOMER AUTHORIZED BY
PROJECT Seawater Desalination CHECKED BY
LOCATION Map Ta Phut Industrial Estate, Rayong REV DATE MADE BY
UNIT
SUPPLIER JOB NO.
ITEM NO. REQ. NO.
SERVICE

NO. REQ'D Working Unit Stand-By Unit Total Unit

1. General

The plant is seawater desalination to produce fresh water from seawater. The plant capacity is

200 cubic meter of fresh water an hour, 8,000 hours a year. The site plot is at seashore in Map Ta Phut

industrial estate, Rayong. The plant shall be so designed for life time of 25 years.

2. Design Basis

2.1 Design and Operating Condition

Hazard classification Material Safety Data Sheet
Water Source Seawater
Total Capacity 200 m>/hr
Design Capacity (per unit) - m>®/hr
Design Mechanical temperature 25 °C
Operating temperature 15-32 °C
Design Mechanical pressure 35 kg/cmZG
Operating pressure 20-40 kg/csz
Pressure drop
- Allowable pressure drop (Dirty) 2 kg/csz
- Allowable pressure drop (Clean) 2 kg/cm’G

2.2 Seawater Qualities for Side Stream Filter design as follow ;

Table 1 : Seawater water specification (inlet)

Characteristic Unit Value
pH - 7.6
Seawater TDS mg/L 35,680
Total Suspended Solids mg/L 7
Turbidity NTU 4.6
Oil & grease mg/L <3
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XXXXXX PACKAGE

DATA SHEET
CUSTOMER AUTHORIZED BY
PROJECT Seawater Desalination CHECKED BY
LOCATION Map Ta Phut Industrial Estate, Rayong REV DATE MADE BY
UNIT
SUPPLIER JOB NO.
ITEM NO. REQ. NO.
SERVICE
NO. REQ'D Working Unit Stand-By Unit Total Unit
Table 2 : Seawater water specification (outlet)
Parameter Unit Specification of Blow Down Water

pH - 5.5-7.0

Conductivity micro S/cm <5

Silica ppm mol <0.02

Total Iron ppm mol <0.02

Copper ppm mol <0.003

Sodium ppm mol <0.5

Chloride ppm mol <0.5

T-Hardness ppm mol <0.3

2.4 Operating Condition

Operation type

Automatic self-cleaning mode

Operation system

Timer and DP

Backwash capacity

- m?/day per unit

Backwash capacity (Total) - m3/day per package
Backwash flow rate - L/flush

Backwash pressure - kg/cmZG

Cleaning cycle per hour - cycle(s)/h

Cleaning time

- second /flush cycle

3. Equipment specification

3.1 Side Stream Filter Part

Quantity per unit Set(s)

Model

Manufacturer

Contry of origin

Dimension per unit

- mm(L) x mm(W) x m(H)

Filter body material

Screen material

Screen size/area

- 2
- micron/cm
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XXXXXX PACKAGE
DATA SHEET

CUSTOMER AUTHORIZED BY
PROIJECT Seawater Desalination CHECKED BY
LOCATION Map Ta Phut Industrial Estate, Rayong REV DATE MADE BY
UNIT
SUPPLIER JOB NO.
ITEM NO. REQ. NO.
SERVICE

NO. REQ'D Working Unit Stand-By Unit Total Unit

3.2 Booster pump (if any)
Quantity per unit -
Model -
Manufacturer -

Country of origin -

Capacity - m>/hr
Design pressure - kg/csz
Operating pressure - kg/csz
Pump head -

Explosure -

Material (Casing / Impeller) -

3.3 Gear Motor
Quantity per unit - Set(s)
Type -
Model -
Manufacturer -

Country of origin -
Power Specification - Volt / Phase / Hz

4. General Requirement

4.1 Location : Map Ta Phut Industrial Estate, Rayong
4.2 Noise level :<115dB
4.3 Other

5. Control and Instrumentation
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XXXXXX PACKAGE

DATA SHEET

CUSTOMER

AUTHORIZED BY

PROJECT Seawater Desalination

CHECKED BY

LOCATION Map Ta Phut Industrial Estate, Rayong

REV DATE MADE BY

UNIT

SUPPLIER JOB NO.

ITEM NO. REQ. NO.

SERVICE

NO. REQ'D Working Unit Stand-By Unit Total

Unit

5.1 Local Control Panel

General

- Manufacture -

- Type/Model -

- Quantity -

- Dimension -

mm(L) x mm(W) x m(H)

Electrical control type -

Control cabinet type -

Signal to DCS dry contact -

Set Point

- Timer Set point -

- Normal flush Set point (from DPS1) -

5.2 Pressure gauge

Manufacturer -

Type / Size -

Connection size -

Number of units -

5.3 Differential Pressure Transmitter

Manufacturer -

Type / Size -

Number of units -

Set point range -

kg/cmZG

6. Code and standard

6.1 Motor

6.2 Vessel

6.3 Material

6.4 Piping Design

6.5 Piping thred

6.6 Bolt & NUTS

7. Utility consumption

7.1 Electrical cinsumption

Power Source 220/3/50

Volt / Phase / Hz 3

Power Supply

kw
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XXXXXX PACKAGE

DATA SHEET
CUSTOMER AUTHORIZED BY
CHECKED BY
LOCATION Map Ta Phut Industrial Estate, Rayong REV DATE MADE BY

UNIT

SUPPLIER JOB NO.
ITEM NO. REQ. NO.
SERVICE
NO. REQ'D Working Unit Stand-By Unit Total Unit
7.2 Air consumption
Service Air Consumption - Nm3/h
Pressure - kg/cmZG
Instrument Air Consumption - Nm3/h
Pressure - kg/csz
8. Performance Guarantee
Vendor shall guarantee the following perfprmance.
8.1 Product capacity 200 m3/hr per unit

8.2 Quality of water after treated

Shall be 90% removed particle TSS at particle size is equal or more than the screen size 50-micron

9. Overall Process Diagram (TBC)

Permeate

200.0 m*/h

Na =035 mg/L

=057 mg/L

TDS = 1.42 mg/L

DS = 34,658.65 mg/L

266.7 m*/h >
Na =33.57 mg/L
Cl=55.14 mg/L
TDS =94.2 mg/L High Reverse
Pressure Osmosis 2
Net Filtrate Pump
F=761.9 m’/h
Supply _— High Reverse
Ultrafiltration >
Pump Pressure Osmosis 1
Pump
Feed Water 22.7 mi/h
8209 m*/h
TSS=7.0 mg/L Concentrate
L
TOC=15mg/L 561.91 m*/h
Waste
Na =10,467.38 mg/L Na = 15,699.94 mg/L
54.9m*/h
Cl=19,149.98 mg/L Cl =28,751.14 mg/L
TS5 =7.0mg/L
Fe=0.16 mg/L Fe=0.24 mg/L
TOC=1.5mg/L
Si0; = 0.56 mg/L Si0, = 0.84 mg/L

TDS = 52,060.84 mg/L
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Cost of Production
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Project Name

Company Name Project Number Sheet 1
Address REV DATE BY APVD REV DATE BY APVD
COST OF PRODUCTION
Form X000¢YY-2Z

Owner's Name Capital Cost Basis Year 2006

Plant Location Units O English @ Metric

Case Description On Stream 8,000 hr/yr 333.33 day/yr
YIELD ESTIMATE CAPITAL COSTS

ISBL Capital Cost
OSBL Capital Cost
Engineering Costs
Contingency

Total Fixed Capital Cost
Working Capital

MTHB

18.627

8.382
2.794

1.863

31.666
4.750

REVENUES AND RAW MATERIAL COSTS

MASS BALANCE MB Closure 24%
Key Products Units Units/Unit product Units/yr Price THB/unit MTHB/yr THB/unit main product
Fresh water m3 0 1,599,984 60 96.00 60.00
MT 0.00 0.00
MT 0.00 0.00
MT 0.00 0.00
Total Key Product Revenues (REV) MT 0 1599984 96.00 60.00
By-products & Waste Streams
Byproduct 1 MT 0 0 0 0.00 0.00
Byproduct 2 MT 0 0 0 0.00 0.00
Byproduct 3 MT 0 0 0 0.00 0.00
Byproduct 4 MT 0 0 0 0.00 0.00
Off-gas MT 0 0 0 0.00 0.00
Organic Waste MT 0 0 0 0.00 0.00
Aqueous Waste MT 0 0 0 0.00 0.00
MT 0.00 0.00
MT 0.00 0.00
Total Byproducts and Wastes (BP) MT 0 0 0.00 0.00
Raw Materials
Sea water m3 0 6,567,134 0.5 3.28 2.05
Feed 2 MT 0 0 0 0.00 0.00
Feed 3 MT 0 0 0 0.00 0.00
Feed 4 MT 0 0 0 0.00 0.00
MT 0.00 0.00
MT 0.00 0.00
MT 0.00 0.00
Total Raw Materials (RM) 0 6,567,134 3.28 2.05
Gross Margin (GM = REV + BP - RM) 92.72 57.95
CONSUMABLES
Units Units/Unit product Units/yr Price THB/unit MTHB/yr THB/unit product
Solvent 1 kg 0 0 0.00 0.00 0.00
Solvent 2 kg 0 0 0.00 0.00 0.00
Solvent 3 kg 0 0 0.00 0.00 0.00
HCI 32% kg 0 9,181 3.30 0.03 0.02
Acid 2 kg 0 0 0.00 0.00 0.00
NaOH 50% kg 0 9,296 8.58 0.08 0.05
Base 2 kg 0 0 0.00 0.00 0.00
NaOCl 12% kg 0 15 9.90 0.00 0.00
Other kg 0 0 0.00 0.00 0.00
Other kg 0 0 0.00 0.00 0.00
Other kg 0 0 0.00 0.00 0.00
Total Consumables (CONS) 0.11 0.07
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UTILITIES
Units Units/Unit product Units/hr Price $/unit MTHB/yr THB/unit product
Electric kWh 0.0 2,118 3.70 62.702 39.19
Air m3 0.0 1,752 0.50 7.008 4.38
MP Steam MT 0.0 0 0.00 0.000 0.00
LP Steam MT 0.0 0 0.00 0.000 0.00
Boiler Feed MT 0.0 0 0.00 0.000 0.00
Condensate MT 0.0 0 0.00 0.000 0.00
Cooling Water MT 0.0 0 0.00 0.000 0.00
Fuel Fired GJ 0.0 0 0.00 0.000 0.00
Total Utilities (UTS) 69.710 43.569
Variable Cost of Production (VCOP = RM - BP + CONS + UTS) 73.10 45.69
FIXED OPERATING COSTS
MTHB/yr THB/unit product
Labor
4.8 Operators per Shift Position
Number of shift positions 3 240000 $/yr each 3.46 2.16
Supervision 25% of Operating Labor 0.86 0.54
Direct Ovhd. 45% of Labor & Superv. 1.94 1.22
Maintenance 3% of ISBL Investment 0.95 0.59
Overhead Expense
Plant Overhead 65% of Labor & Maint. 4.69 2.93
Tax & Insurance 2% of Fixed Investment 0.47 0.30
Interest on Debt Financing 7% of Fixed Capital 2.22 1.39
0% of Working Capital 0.00 0.00
Fixed Cost of Production (FCOP) 14.59 9.12
ANNUALIZED CAPITAL CHARGES
MTHB Interest Rate Life (yr) ACCR MTHB/yr THB/unit product
Fixed Capital Investment 31.666 15% 25 0.155 4.90 3.06
Royalty Amortization 0.000 15% 10 0.199 0.00 0.00
Inventory Amortization
Catalyst 1 0.000 15% 3 0.438 0.00 0.00
Catalyst 2 0.000 15% 3 0.438 0.00 0.00
Adsorbent 1 0.000 15% 3 0.438 0.00 0.00
Equipment 1 0.000 15% 5 0.298 0.00 0.00
Equipment 2 0.000 15% 5 0.298 0.00 0.00
Total Annual Capital Charge 4.90 3.06
SUMMARY
MTHB/yr THB/unit product
Variable Cost of Production 73.10 45.69
Fixed Cost of Production 14.59 9.12
Cash Cost of Production 87.70 54.81
Gross Profit 8.30 5.19
Total Cost of Production 92.60 57.87




Economic Analysis

45

Company Name Project Name
Address Project Number Sheet 1
REV DATE BY APVD REV DATE BY APVD
ECONOMIC ANALYSIS
Form XOXXXX-YY-ZZ
Owner's Name Capital Cost Basis Ye 2006
Plant Location Units @® English & Metric
Case Description On Stream 8,000 hr/yr 333.33 day/yr
REVENUES AND PRODUCTION COSTS CAPITAL COSTS CONSTRUCTION SCHEDULE
SMM/yr $MM Year % FC %WC  %FCOP % VCOP
Main product revenue 96.00 ISBL Capital Cost 18.627 1 30.00%
Byproduct revenue OSBL Capital Cost 8.382 2 70.00%
Raw materials cost 3.28 Engineering Costs 2.794 3 100.00%  100.00% 100.00%
Utilities cost 62.70 Contingency 1.863 4 100.00% 100.00%
Consumables cost Total Fixed Capital C ~ 31.666 5 100.00% 100.00%
VCOP 65.98 6 100.00% 100.00%
Salary and overheads 10.09 Working Capital 4.750 7+ 100.00% 100.00%
Maintenance 0.95
Interest 0.00
Royalties 0.00
FCOP 11.04
ECONOMIC ASSUMPTIONS
Cost of equity 30% Debt ratio 0.23 Tax rate 35%
Cost of debt 7% 19590679 Depreciation method Straight-line
Cost of capital 15% Depreciation period 10 years
CASH FLOW ANALYSIS
All figures in $MM unless indicated
Project year CapEx Revenue CCOP  Gr. Profit Deprcn TaxblInc TaxPaid Cash Flow PV of CF NPV
1 9.5 0.0 0.0 0.0 0.0 0.0 0.0 -9.5 -8.3 -8.3
2 22.2 0.0 0.0 0.0 0.0 0.0 0.0 -22.2 -16.8 -25.0
3 4.7 96.0 77.0 19.0 0.1 18.9 0.0 14.2 9.4 -15.7
4 0.0 96.0 77.0 19.0 0.1 18.9 6.6 12.4 7.1 -8.6
5 0.0 96.0 77.0 19.0 0.1 18.9 6.6 12.4 6.2 -2.4
6 0.0 96.0 77.0 19.0 0.1 18.9 6.6 12.4 5.3 2.9
7 0.0 96.0 77.0 19.07 0.1 18.9 6.6 12.4 4.7 7.6
8 0.0 96.0 77.0 19.07 0.1 18.9 6.6 12.4 4.0 11.6
9 0.0 96.0 77.0 19.0” 0.1 18.9 6.6 12.4 35 15.1
10 0.0 96.0 77.0 19.0" 0.1 18.9 6.6 12.4 3.1 18.2
11 0.0 96.0 77.0 19.0” 0.1 18.9 6.6 12.4 2.7 20.8
12 0.0 96.0 77.0 19.07 0.1 18.9 6.6 12.4 2.3 23.1
13 0.0 96.0 77.0 19.0" 0.1 18.9 6.6 12.4 2.0 25.2
14 0.0 96.0 77.0 19.0 0.0 19.0 6.6 12.4 17 26.9
15 0.0 96.0 77.0 19.0 0.0 19.0 6.6 12.3 15 28.4
16 0.0 96.0 77.0 19.0 0.0 19.0 6.6 12.3 13 29.7
17 0.0 96.0 77.0 19.0 0.0 19.0 6.6 12.3 11 30.9
18 0.0 96.0 77.0 19.0 0.0 19.0 6.6 12.3 1.0 31.9
19 0.0 96.0 77.0 19.0 0.0 19.0 6.6 12.3 0.9 32.7
20 -4.7 96.0 77.0 19.0 0.0 19.0 6.6 17.1 1.0 33.8
ECONOMIC ANALYSIS
Average cash flow 12.6 $MM/yr NPV 10 years 18.2 $MM IRR 10 years 33.3%
Simple pay-back period 2.88156 yrs 15 years 28.4 $MM 15 years 36.0%
Return on investment (10 yrs) 41.47% 20 years 33.8 $MM 20 years 36.5%
Return on investment (15 yrs) 44.97% NPV to yr 1 -8.3 $MM
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Hydrochloric Acid
Safety Data Sheet

SECTION 1: Identification

1.1. Identification

Product form : Mixtures

Product name : Hydrochloric Acid, 2.0N (2.0M)

Product code : LC15320

1.2. Recommended use and restrictions on use

Use of the substance/mixture : For laboratory and manufacturing use only.
Recommended use : Laboratory chemicals

Restrictions on use : Not for food, drug or household use

1.3. Supplier

LabChem, Inc.

Jackson's Pointe Commerce Park Building 1000, 1010 Jackson's Pointe Court
Zelienople, PA 16063 - USA T 412-826-

5230 - F 724-473-0647

info@labchem.com - www.labchem.com

14. Emergency telephone number
Emergency number : CHEMTREC: 1-800-424-9300 or +1-703-741-5970

SECTION 2: Hazard(s) identification

2.1 Classification of the substance or mixture GHS US classification
Skin corrosion/irritation Category 1B H314 Causes severe skin burns and eye damage Serious eye
damage/eye irritation Category 1 H318 Causes serious eye damage

Full text of H statements : see section 16

2.2. GHS Label elements, including precautionary statements
GHS US labeling

Hazard pictograms (GHS US)

Signal word (GHS US) : Danger
Hazard statements (GHS US) : H314 - Causes severe skin burns and eye damage
Precautionary statements (GHS US) : P260 - Do not breathe mist, vapors, spray.

P264 - Wash exposed skin thoroughly after handling.

P280 - Wear protective gloves, eye protection, protective clothing, face protection.
P301+P330+P331 - IF SWALLOWED: Rinse mouth. Do NOT induce vomiting.
P303+P361+P353 - IF ON SKIN (or hair): Remove/Take off immediately all contaminated
clothing. Rinse skin with water/shower.

P304+P340 - IF INHALED: Remove person to fresh air and keep comfortable for breathing.
P305+P351+P338 - If in eyes: Rinse cautiously with water for several minutes. Remove contact
lenses, if present and easy to do. Continue rinsing

P310 - Immediately call a poison center or doctor/physician.

P363 - Wash contaminated clothing before reuse.
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P405 - Store locked up.
P501 - Dispose of contents/container to comply with local, state and federal regulations

2.3. Other hazards which do not result in classification
Other hazards not contributing to the - None. classification
2.4. Unknown acute toxicity (GHS US)

Not applicable

SECTION 3: Composition/Information on ingredients

3.1 Substances
Not applicable

3.2. Mixtures
Name Product identifier % GHS US classification
Water (CAS-No.) 7732-18-5 92.94 Not classified
Hydrochloric Acid, 37% w/w (CAS-No.) 7647-01-0 7.06 Acute Tox. 4 (Oral), H302

Skin Corr. 1B, H314
Eye Dam. 1, H318
STOT SE 3, H335

Full text of hazard classes and H-statements : see section 16

SECTION 4: First-aid measures

4.1. Description of first aid measures

First-aid measures general : Never give anything by mouth to an unconscious person. If you feel unwell, seek medical advice
(show the label where possible).

First-aid measures after inhalation : Remove victim to fresh air and keep at rest in a position comfortable for breathing. Immediately
call a poison center or doctor/physician.

First-aid measures after skin contact : Remove/Take off immediately all contaminated clothing. Rinse skin with water/shower.
Immediately call a poison center or doctor/physician.

First-aid measures after eye contact : Rinse cautiously with water for several minutes. Remove contact lenses, if present and easy to
do. Continue rinsing. Immediately call a poison center or doctor/physician.

First-aid measures after ingestion : Rinse mouth. Do NOT induce vomiting. Immediately call a poison center or doctor/physician.

4.2. Most important symptoms and effects (acute and delayed)

Potential Adverse human health effects and : Based on available data, the classification criteria are not met. symptoms

Symptoms/effects : Causes severe skin burns and eye damage.

Symptoms/effects after inhalation : Possible inflammation of the respiratory tract.

Symptoms/effects after skin contact : Caustic burns/corrosion of the skin.

Symptoms/effects after eye contact : Causes serious eye damage.

Symptoms/effects after ingestion : Nausea. Vomiting.

Chronic symptoms : Affection/discolouration of the teeth.

4.3. Immediate medical attention and special treatment, if necessary

Obtain medical assistance.

SECTION 5: Fire-fighting measures

5.1. Suitable (and unsuitable) extinguishing media
Suitable extinguishing media : Foam. Dry powder. Carbon dioxide. Water spray. Sand. Unsuitable extinguishing media
: Do not use a heavy water stream.

5.2 Specific hazards arising from the chemical

Fire hazard : Not flammable.

Explosion hazard : Not applicable.

Reactivity in case of fire : Thermal decomposition generates : Corrosive vapors.
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5.3. Special protective equipment and precautions for fire-fighters

Firefighting instructions : Use water spray or fog for cooling exposed containers. Exercise caution when fighting any
chemical fire. Prevent fire-fighting water from entering environment.

Protection during firefighting : Do not enter fire area without proper protective equipment, including respiratory protection.

Other information : Not applicable.

SECTION 6: Accidental release measures

6.1. Personal precautions, protective equipment and emergency procedures

General measures : Try to stop release. Dike and contain spill.

6.1.1. For non-emergency personnel

Protective equipment : Gloves. Safety glasses. Protective clothing. Face-shield.

Emergency procedures : Evacuate unnecessary personnel.

6.1.2. For emergency responders

Protective equipment : Equip cleanup crew with proper protection.

Emergency procedures : Ventilate area.

6.2. Environmental precautions

Prevent entry to sewers and public waters. Notify authorities if liquid enters sewers or public waters.

6.3. Methods and material for containment and cleaning up

Methods for cleaning up : Soak up spills with inert solids, such as clay or diatomaceous earth as soon as possible.
Collect spillage. Store away from other materials.

6.4. Reference to other sections

See Heading 8. Exposure controls and personal protection.

SECTION 7: Handling and storage

7.1. Precautions for safe handling

Precautions for safe handling : Wash hands and other exposed areas with mild soap and water before eating, drinking or
smoking and when leaving work. Provide good ventilation in process area to prevent formation
of vapor. Do not breathe mist, vapors, spray.

Hygiene measures : Wash exposed skin thoroughly after handling. Wash contaminated clothing before reuse.

7.2. Conditions for safe storage, including any incompatibilities

Technical measures : Comply with applicable regulations.

Storage conditions : Keep only in the original container in a cool, well ventilated place away from : incompatible
materials. Keep container closed when not in use.

Incompatible products : metals. cyanides. Strong bases.

Incompatible materials : Direct sunlight.

Packaging materials : Do not store in corrodable metal.

SECTION 8: Exposure controls/personal protection

8.1. Control parameters
Hydrochloric Acid, 37% w/w (7647-01-0)
ACGIH ACGIH Ceiling (mg/m3) 2.98 mg/m3
ACGIH ACGIH Ceiling (ppm) 2 ppm
OSHA OSHA PEL (Ceiling) (mg/m?3) 7 mg/m3
OSHA OSHA PEL (Ceiling) (ppm) 5 ppm
IDLH US IDLH (ppm) 50 ppm
NIOSH NIOSH REL (ceiling) (mg/m3) 7 mg/m3
NIOSH NIOSH REL (ceiling) (ppm) 5 ppm
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Water (7732-18-5)
Not applicable

8.2. Appropriate engineering controls

Appropriate engineering controls : Emergency eye wash fountains should be available in the immediate vicinity of any potential
exposure.

8.3. Individual protection measures/Personal protective equipment

Personal protective equipment: Chemical resistant apron. Face shield.

Gloves. Safety glasses.

Hand protection:

Wear protective gloves.

Eye protection:

Chemical goggles or face shield

Skin and body protection:
Wear suitable protective clothing Respiratory

protection:

Respiratory protection not required in normal conditions Personal

protective equipment symbol(s):

Other information:

Do not eat, drink or smoke during use.

SECTION 9: Physical and chemical properties

9.1. Information on basic physical and chemical properties

Physical state : Liquid

Color : Colorless

Odor : Odorless

Odor threshold : No data available
pH : No data

available

Melting point : No data available

Freezing point : No data available

Boiling point : No data available
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Flash point

Relative evaporation rate (butyl acetate=1)

Flammability (solid, gas)

Vapor pressure

Relative vapor density at 20 °C

Relative density

Specific gravity / density 11-1.1

Molecular mass : 36.46 g/mol

Solubility : Soluble in water. Soluble in ethanol. Soluble in methanol.
Log Pow : No data available

Auto-ignition temperature

Decomposition temperature

Viscosity, kinematic
Viscosity, dynamic

: No data available

: No data available

: Non flammable.

: No data available

: No data available

. No data available

: No data available

: No data available

: No data available
: No data available

OP-1258

Explosion limits : No data available
Explosive properties : Not applicable.
Oxidizing properties - None.

9.2 Other information
No additional information available

SECTION 10: Stability and reactivity

10.1. Reactivity

Thermal decomposition generates : Corrosive vapors.

10.2. Chemical stability
Stable under normal conditions. Not established.
10.3. Possibility of hazardous reactions

Reacts violently with (some) bases: release of heat.
10.4. Conditions to avoid

Direct sunlight. Extremely high or low temperatures.
10.5. Incompatible materials

metals. cyanides. Strong bases.
10.6. Hazardous decomposition products

Hydrogen chloride. Thermal decomposition generates : Corrosive vapors.
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SECTION 11: Toxicological information

11.1. Information on toxicological effects
Acute toxicity (oral)

Acute toxicity (dermal)

Acute toxicity (inhalation)

: Not classified

: Not classified
. Not classified

Hydrochloric Acid, 37% w/w (7647-01-0)

LD50 oral rat

700 mg/kg

LD50 dermal rabbit

5010 mg/kg

ATE US (oral)

700 mg/kg body weight

ATE US (dermal)

5010 mg/kg body weight

Water (7732-18-5)

LD50 oral rat

> 90000 mg/kg

ATE US (oral)

90000 mg/kg body weight

Skin corrosion/irritation

Serious eye damagel/irritation
Respiratory or skin sensitization
Germ cell mutagenicity
Carcinogenicity

Reproductive toxicity
STOT-single exposure

: Causes severe skin burns and eye damage.
: Causes serious eye damage.

: Not classified

: Not classified

: Not classified

: Not classified
: Not classified

Hydrochloric Acid, 37% w/w (7647-01-0)

IARC group

3 - Not classifiable

STOT-repeated exposure

Aspiration hazard
Viscosity, kinematic

Likely routes of exposure

. Not classified

: Not classified
: No data available

: Skin and eye contact.

Potential Adverse human health effects and : Based on available data, the classification criteria are not met. symptoms

Symptoms/effects
Symptoms/effects after inhalation
Symptoms/effects after skin contact
Symptoms/effects after eye contact
Symptoms/effects after ingestion
Chronic symptoms

11/20/2019

: Causes severe skin burns and eye damage.

: Possible inflammation of the respiratory tract.
: Caustic burns/corrosion of the skin.

: Causes serious eye damage.

: Nausea. Vomiting.

. Affection/discolouration of the teeth.
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SECTION 12: Ecological information

12.1. Toxicity

OP-1258

Hydrochloric Acid, 37% w/w (7647-01-0)

LC50 fish 1

282 mg/l (96 h, Gambusia affinis, Pure substance)

EC50 Daphnia 1

<56 mg/l (72 h, Daphnia magna, Pure substance)

12.2. Persistence and degradability

Hydrochloric Acid, 2.0N (2.0M)

Persistence and degradability

Not established.

Hydrochloric Acid, 37% w/w (7647-01-0)

Persistence and degradability

Biodegradability: not applicable.

Chemical oxygen demand (COD)

Not applicable

Hydrochloric Acid, 37% w/w (7647-01-0)

ThOD

Not applicable

BOD (% of ThOD)

Not applicable

Water (7732-18-5)

Persistence and degradability

Not established.

12.3. Bioaccumulative potential

Hydrochloric Acid, 2.0N (2.0M)

Bioaccumulative potential

Not established.

Hydrochloric Acid, 37% w/w (7647-01-0)

Log Pow

0.25 (QSAR)

Bioaccumulative potential

Low potential for bioaccumulation (Log Kow < 4).

Water (7732-18-5)

Bioaccumulative potential

Not established.

12.4. Mobility in soil

Hydrochloric Acid, 37% w/w (7647-01-0)

Ecology - soil

No (test)data on mobility of the components available. May be harmful to plant growth,
blooming and fruit formation.

12.5. Other adverse effects

Other information

Waste disposal recommendations

11/20/2019

: Avoid release to the environment.

: Dispose in a safe manner in accordance with local/national regulations.
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Ecology - waste materials : Avoid release to the environment.

SECTION 14: Transport information

Department of Transportation
(DOT) In accordance with DOT

Transport document description : UN1789 Hydrochloric acid, 8, Il

UN-No.(DOT) : UN1789

Proper Shipping Name (DOT) : Hydrochloric acid

Transport hazard class(es) (DOT) : 8 - Class 8 - Corrosive material 49 CFR 173.136
Packing group (DOT) . Il - Medium Danger

Hazard labels (DOT) : 8 - Corrosive

SECTION 13: Disposal considerations

13.1.
Disposal methods

CORROSIVE

DOT Packaging Non Bulk (49 CFR 173.xxx) 1202
DOT Packaging Bulk (49 CFR 173.xxx) 242
DOT Special Provisions (49 CFR 172.102) : A3 - For combination packaging, if glass inner packaging (including ampoules) are used, they

must be packed with absorbent material in tightly closed metal receptacles before packing in
outer packaging.

A6 - For combination packaging, if plastic inner packaging are used, they must be packed in
tightly closed metal receptacles before packing in outer packaging.

B3 - MC 300, MC 301, MC 302, MC 303, MC 305, and MC 306 and DOT 406 cargo tanks and
DOT 57 portable tanks are not authorized.

B15 - Packaging must be protected with non-metallic linings impervious to the lading or have a
suitable corrosion allowance.

IB2 - Authorized IBCs: Metal (31A, 31B and 31N); Rigid plastics (31H1 and 31H2); Composite
(31HZ1). Additional Requirement: Only liquids with a vapor pressure less than or equal to

110 kPa at 50 C (1.1 bar at 122 F), or 130 kPa at 55 C (1.3 bar at 131 F) are authorized. N41

- Metal construction materials are not authorized for any part of a packaging which is normally
in contact with the hazardous material.

T8 -4178.274(d)(2) Normal............. Prohibited

TP2 - a. The maximum degree of filling must not exceed the degree of filling determined by the
following: (image) Where: tr is the maximum mean bulk temperature during transport, tf is the
temperature in degrees celsius of the liquid during filling, and a is the mean coefficient of
cubical expansion of the liquid between the mean temperature of the liquid during filling (tf) and
the maximum mean bulk temperature during transportation (tr) both in degrees celsius. b. For
liquids transported under ambient conditions may be calculated using the formula: (image)
Where: d15 and d50 are the densities (in units of mass per unit volume) of the liquid at 15 C
(59 F) and 50 C (122 F), respectively.

TP12 - This material is considered highly corrosive to steel.

DOT Packaging Exceptions (49 CFR 173.xxx) 1154

DOT Quantity Limitations Passenger aircraft/rail : 1 L (49

CFR 173.27)

DOT Quantity Limitations Cargo aircraft only (49 : 30 L

CFR 175.75)

DOT Vessel Stowage Location : C - The material must be stowed “on deck only” on a cargo vessel and on a passenger vessel.
Other information : No supplementary information available.
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Transport by sea

Transport document description (IMDG)
UN-No. (IMDG)

Proper Shipping Name (IMDG)

Class (IMDG)

Packing group (IMDG)

Air transport

Transport document description (IATA)
UN-No. (IATA)

Proper Shipping Name (IATA)

Class (IATA)

Packing group (IATA)

: UN 1789 HYDROCHLORIC ACID, 8, II
11789

: HYDROCHLORIC ACID

: 8 - Corrosive substances

: Il - substances presenting medium danger

: UN 1789 Hydrochloric acid, 8, Il
: 1789

: Hydrochloric acid

: 8 - Corrosives

. Il - Medium Danger

OP-1258

SECTION 15: Regulatory information

15.1. US Federal regulations

Hydrochloric Acid, 2.0N (2.0M)

SARA Section 311/312 Hazard Classes

Health hazard - Serious eye damage or eye irritation Health
hazard - Skin corrosion or Irritation

All components of this product are listed, or excluded from listing, on the United States Environmental Protection Agency Toxic

Substances Control Act (TSCA) inventory

Chemical(s) subject to the reporting requirements of Section 313 or Title 11l of the Superfund Amendments and Reauthorization Act (SARA) of

1986 and 40 CFR Part 372.

Hydrochloric Acid, 37% w/w

CAS-No. 7647-01-0 7.06%

Hydrochloric Acid, 37% w/w (7647-01-0)

EPA TSCA Regulatory Flag

T - T - indicates a substance that is the subject of a final TSCA section 4 test rule.

Quantity (TPQ)

RQ (Reportable quantity, section 304 of EPA's 5000 Ib
List of Lists)

RQ (Reportable quantity, section 304 of EPA's 5000 Ib
List of Lists)

SARA Section 302 Threshold Planning 500 Ib

SARA Section 311/312 Hazard Classes

Health hazard - Acute toxicity (any route of exposure)

Health hazard - Skin corrosion or Irritation

Health hazard - Serious eye damage or eye irritation

Health hazard - Specific target organ toxicity (single or repeated exposure)

15.2. International regulations

CANADA
No additional information available

Water (7732-18-5)

Listed on the Canadian DSL (Domestic Substances List)

EU-Regulations
No additional information available

National regulations

No additional information available
11/20/2019

EN (English US)

9/10




OP-1258

15.3. US State regulations

California Proposition 65 - This product does not contain any substances known to the state of California to cause cancer, developmental and/or
reproductive harm

SECTION 16: Other information
according to Federal Register / Vol. 77, No. 58 / Monday, March 26, 2012 / Rules and Regulations

Revision date : 11/20/2019 Other information : None.
Full text of H-phrases: see section 16:
H302 Harmful if swallowed
H314 Causes severe skin burns and eye damage
H318 Causes serious eye damage
H335 May cause respiratory irritation
NFPA health hazard : 3 - Materials that, under emergency conditions, can cause
serious or permanent injury.
NFPA fire hazard : 0 - Materials that will not burn under typical fire conditions,

including intrinsically noncombustible materials such as
concrete, stone, and sand.

NFPA reactivity : 1 - Materials that in themselves are normally stable but
can become unstable at elevated temperatures and
pressures.

Hazard Rating

Health : 3 Serious Hazard - Major injury likely unless prompt action is taken and medical treatment is
given

Flammability : 0 Minimal Hazard - Materials that will not burn

Physical : 1 Slight Hazard - Materials that are normally stable but can become unstable (self-react) at high

temperatures and pressures. Materials may react non-violently with water or undergo hazardous
polymerization in the absence of inhibitors.
Personal protection :C

C - Safety glasses, Gloves, Synthetic apron

SDS US LabChem

Information in this SDS is from available published sources and is believed to be accurate. No warranty, express or implied, is made and LabChem Inc assumes no liability resulting from the use of
this SDS. The user must determine suitability of this information for his application.
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Sodium Hypochlorite
Safety Data Sheet

SECTION 1: Identification of the substance/mixture and of the company/undertaking

1.1. Product identifier

Product form : Mixture

Product name : Sodium Hypochlorite, 5% w/v

CAS No 1 7681-52-9

Product code 1 LC24630

Formula 1 NaOCl

1.2. Relevant identified uses of the substance or mixture and uses advised against
Use of the substance/mixture : For laboratory and manufacturing use only.
1.3. Details of the supplier of the safety data sheet

LabChem Inc

Jackson's Pointe Commerce Park Building 1000, 1010 Jackson's Pointe Court
Zelienople, PA 16063 - USA T 412-826-

5230 - F 724-473-0647

info@labchem.com - www.labchem.com

1.4. Emergency telephone number
Emergency number : CHEMTREC: 1-800-424-9300 or 011-703-527-3887

SECTION 2: Hazards identification

OP-1258

2.1. Classification of the substance or mixture
GHS-US classification

Skin Irrit. 2 H315
Eye Dam. 1 H318
Aquatic Acute 2 H401

2.2. Label elements

GHS-US labelling
Hazard pictograms (GHS-US)

oy
GHS05
Signal word (GHS-US) . Danger
Hazard statements (GHS-US) : H315 - Causes skin irritation

H318 - Causes serious eye damage
H401 - Toxic to aquatic life


http://www.labchem.com/
http://www.labchem.com/

OP-1258

Precautionary statements (GHS-US) : P264 - Wash exposed skin thoroughly after handling
P273 - Avoid release to the environment
P280 - Wear protective gloves, protective clothing, eye protection, face protection
P302+P352 - IF ON SKIN: Wash with plenty of soap and water
P305+P351+P338 - If in eyes: Rinse cautiously with water for several minutes. Remove contact
lenses, if present and easy to do. Continue rinsing
P310 - Immediately call a POISON CENTER or doctor/physician
P332+P313 - If skin irritation occurs: Get medical advice/attention
P362 - Take off contaminated clothing
P501 - Dispose of contents/container to comply with local, state and federal regulations

2.3. Other hazards

Other hazards not contributing to the : None.
classification

2.4. Unknown acute toxicity (GHS-US)

No data available

SECTION 3: Composition/information on ingredients

3.1. Substance
Not applicable

Full text of H-phrases: see section 16

3.2. Mixture
Name Product identifier % GHS-US classification
Water (CAS No) 7732-18-5 95 Not classified
Sodium Hypochlorite (CAS No) 7681-52-9 5 Unst. Expl, H200

Ox. Sol. 2, H272

Skin Corr. 1B, H314
STOT SE 3, H335
Aquatic Acute 1, H400

SECTION 4: First aid measures

4.1. Description of first aid measures

First-aid measures general : Never give anything by mouth to an unconscious person. If you feel unwell, seek medical advice
(show the label where possible).

First-aid measures after inhalation : Assure fresh air breathing. Allow the victim to rest.

First-aid measures after skin contact : Wash with plenty of soap and water. Wash contaminated clothing before reuse. If skin irritation
occurs: Get medical advice/attention.

First-aid measures after eye contact : Rinse cautiously with water for several minutes. Remove contact lenses, if present and easy to do.
Continue rinsing. Immediately call a POISON CENTER or doctor/physician.

First-aid measures after ingestion : Rinse mouth. Do NOT induce vomiting. Obtain emergency medical attention.

4.2. Most important symptoms and effects, both acute and delayed

Symptoms/injuries after skin contact : Causes skin irritation.

Symptoms/injuries after eye contact : Causes serious eye damage.

4.3. Indication of any immediate medical attention and special treatment needed

No additional information available
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SECTION 5: Firefighting measures

5L Extinguishing media

Suitable extinguishing media : Foam. Dry powder. Carbon dioxide. Water spray. Sand.
Unsuitable extinguishing media : Do not use a heavy water stream.

5.2. Special hazards arising from the substance or mixture

No additional information available

5.8} Advice for firefighters

Firefighting instructions : Use water spray or fog for cooling exposed containers. Exercise caution when fighting any chemical
fire. Avoid (reject) fire-fighting water to enter environment.

Protection during firefighting : Do not enter fire area without proper protective equipment, including respiratory protection.

SECTION 6: Accidental release measures

6.1. Personal precautions, protective equipment and emergency procedures

6.1.1. For non-emergency personnel

Protective equipment ) )
: Safety glasses. Protective clothing. Gloves.

Emergency procedures : Evacuate unnecessary personnel.

6.1.2. For emergency responders

Protective equipment . ) .
: Equip cleanup crew with proper protection.

Emergency procedures : Ventilate area.

6.2. Environmental precautions

Prevent entry to sewers and public waters. Notify authorities if liquid enters sewers or public waters. Avoid release to the environment.

6.3. Methods and material for containment and cleaning up

Methods for cleaning up : Soak up spills with inert solids, such as clay or diatomaceous earth as soon as possible. Collect

spillage. Store away from other materials.

6.4. Reference to other sections
See Heading 8. Exposure controls and personal protection.

SECTION 7: Handling and storage

7.1. Precautions for safe handling

Precautions for safe handling : Wash hands and other exposed areas with mild soap and water before eating, drinking or
smoking and when leaving work. Provide good ventilation in process area to prevent formation of
vapour.

Hygiene measures : Wash exposed skin thoroughly after handling.

7.2. Conditions for safe storage, including any incompatibilities

Storage conditions : Keep only in the original container in a cool, well ventilated place away from : incompatible
materials. Keep container closed when not in use.

Incompatible products : Strong reducing agents. combustible materials. aluminium. metals. Ammonia. Strong acids.

Incompatible products : Sources of ignition. Direct sunlight.

7.3. Specific end use(s)

No additional information available

SECTION 8: Exposure controls/personal protection

8.1. Control parameters
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8.2. Exposure controls

Appropriate engineering controls

Personal protective equipment
Hand protection

Eye protection

Skin and body protection
Respiratory protection

Other information

SECTION 9: Physical and chemical properties

OP-1258

: Emergency eye wash fountains and safety showers should be available in the immediate vicinity of

any potential exposure. Provide adequate general and local exhaust ventilation.

: Avoid all unnecessary exposure.

: Wear protective gloves.

: Chemical goggles or safety glasses.

: Wear suitable protective clothing.

: Wear appropriate mask.

: Do not eat, drink or smoke during use.

9.1. Information on basic physical and chemical properties

Physical state

Appearance
Colour

Odour

Odour threshold

pH

Relative evaporation rate (butylacetate=1)
Melting point

Freezing point

Boiling point

Flash point

Self ignition temperature
Decomposition temperature
Flammability (solid, gas)
Vapour pressure

Relative vapour density at 20 °C
Relative density

Solubility

Log Pow

Log Kow

Viscosity, kinematic
Viscosity, dynamic
Explosive properties
Oxidising properties

Explosive limits

11/19/2013

: Liquid

: Yellow liquid.
: Yellow.

: chlorine-like.

1 0.3 ppm

1113

: No data available
: No data available
: No data available
: No data available

: No data available

: No data available
: No data available
: No data available
112 mm Hg

: No data available
: No data available
: Soluble in water.
: No data available
: No data available
: No data available

: No data available

: No data available
: No data available

: No data available
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9.2. Other information

VOC content 0%
SECTION 10: Stability and reactivity

10.1. Reactivity

No additional information available

10.2. Chemical stability
Stable under normal conditions.

10.3. Possibility of hazardous reactions
Reacts violently with acids. May react violently with reducing agents. Contact with acids liberates toxic gas.

10.4. Conditions to avoid
Incompatible materials. Direct sunlight. Extremely high or low temperatures.

10.5. Incompatible materials
Strong reducing agents. Water. zinc. metals. aluminium. Ammonia. Strong acids.

10.6. Hazardous decomposition products
Hydrogen chloride. Chlorine. Phosgene.

SECTION 11: Toxicological information

11.1. Information on toxicological effects

Acute toxicity : Not classified

Water (7732-18-5)

LD50 oral rat = 90000 mg/kg
. Causes skin irritation.
Skin corrosion/irritation pH:11.3
Serious eye damagel/irritation . Causes serious eye damage.
pH: 11.3
Respiratory or skin sensitisation : Not classified
Germ cell mutagenicity : Not classified
Carcinogenicity : Not classified

Sodium Hypochlorite (7681-52-9)

IARC group | 3 - Not classifiable
Reproductive toxicity : Not classified
Specific target organ toxicity (single exposure)  : Not classified
Specific target organ toxicity (repeated : Not classified
exposure)
Aspiration hazard : Not classified
Potential Adverse human health effects and : Based on available data, the classification criteria are not met.
symptoms
Symptoms/injuries after skin contact : Causes skin irritation.
Symptoms/injuries after eye contact : Causes serious eye damage.
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SECTION 12: Ecological information

12.1. Toxicity
Ecology - water

: Toxic to aquatic life.

Sodium Hypochlorite, 5% w/v (7681-52-9)

LC50 fishes 1

4.7 mg/l

Sodium Hypochlorite (7681-52-9)

LC50 fishes 1

0.026 mg/l (96 h; Oncorhynchus kisutch; Chlorine)

EC50 Daphnia 1

2.1 mg/l (96 h; Daphnia magna)

ECS50 other aquatic organisms 1

0.2 mg/l (24 h; Skeletonema costatum; Biomass)

LC50 fish 2

0.19 mg/l (96 h; Pimephales promelas)

Threshold limit algae 1

0.84 mg/l (24 h; Chlorophyta; Biomass)

12.2. Persistence and degradability

Sodium Hypochlorite, 5% w/v (7681-52-9)

Persistence and degradability

Not established.

Sodium Hypochlorite (7681-52-9)

Persistence and degradability

Biodegradability: not applicable.

Biochemical oxygen demand (BOD)

Not applicable

Chemical oxygen demand (COD)

Not applicable

ThOD

Not applicable

BOD (% of ThOD)

Not applicable

Water (7732-18-5)

Persistence and degradability

Not established.

12.3. Bioaccumulative potential

Sodium Hypochlorite, 5% wi/v (7681-52-9)

Bioaccumulative potential

Not established.

Sodium Hypochlorite (7681-52-9)

Bioaccumulative potential

Not bioaccumulative.

Water (7732-18-5)

Bioaccumulative potential

Not established.

12.4. Mobility in soil
No additional information available

12.5. Other adverse effects
Other information

11/19/2013
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SECTION 13: Disposal considerations

13.1. Waste treatment methods

Waste disposal recommendations : Dispose in a safe manner in accordance with local/national regulations. Dispose of
contents/container to comply with local, state and federal regulations.

Ecology - waste materials : Avoid release to the environment.

SECTION 14: Transport information

In accordance with DOT

No dangerous good in sense of transport regulations

Additional information

Other information : No supplementary information available.

ADR
Transport document description
Transport by sea

No additional information available

Air transport
No additional information availabl
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SECTION 15: Regulatory information

15.1. US Federal regulations
Sodium Hypochlorite, 5% w/v (7681-52-9)

Listed on the United States TSCA (Toxic Substances Control Act) inventory

RQ (Reportable quantity, section 304 of EPA's 100 Ib
List of Lists) :

Sodium Hypochlorite (7681-52-9)
Listed on the United States TSCA (Toxic Substances Control Act) inventory

RQ (Reportable quantity, section 304 of EPA's 100 Ib
List of Lists) :

Water (7732-18-5)
Listed on the United States TSCA (Toxic Substances Control Act) inventory

15.2. International regulations

CANADA
Sodium Hypochlorite, 5% w/v (7681-52-9)

WHMIS Classification | Class E - Corrosive Material

Water (7732-18-5)

WHMIS Classification Uncontrolled product according to WHMIS classification criteria

EU-Regulations
No additional information available

Classification according to Regulation (EC) No. 1272/2008 [CLP]

Classification according to Directive 67/548/EEC or 1999/45/EC
C; R34

R31

N; R50

Full text of R-phrases: see section 16

15.2.2. National regulations

No additional information available

15.3. US State regulations
No additional information available
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SECTION 16: Other information

Other information

Full text of H-phrases: see section 16:

. None.

Aquatic Acute 1 Hazardous to the aquatic environment — AcuteHazard, Category 1
Agquatic Acute 2 Hazardous to the aquatic environment — AcuteHazard, Category 2
Eye Dam. 1 Serious eye damage/eye irritation, Category 1
Ox. Sol. 2 Oxidising Solids, Category 2
Skin Corr. 1B Skin corrosion/irritation, Category 1B
Skin Irrit. 2 Skin corrosion/irritation, Category 2
STOT SE 3 Specific target organ toxicity — Single exposure, Category 3,
Respiratory tract irritation
Unst. Expl Explosives, Unstable explosives
H200 Unstable explosives
H272 May intensify fire; oxidiser
H314 Causes severe skin burns and eye damage
H315 Causes skin irritation
H318 Causes serious eye damage
H335 May cause respiratory irritation
H400 Very toxic to aquatic life
H401 Toxic to aquatic life

NFPA health hazard

NFPA fire hazard
NFPA reactivity

HMIS Il Rating
Health
Flammability

Physical
Personal Protection

SDS US (GHS HazCom 2012)

: 3 - Short exposure could cause serious temporary or

: 0 - Materials that will not burn.
: 1 - Normally stable, but can become unstable at elevated

residual injury even though prompt medical attention was
given.

temperatures and pressures or may react with water with
some release of energy, but not violently.

: 3 Serious Hazard - Major injury likely unless prompt action is taken and medical treatment is given

: 0 Minimal Hazard
: 1 Slight Hazard
:H

Information in this SDS is from available published sources and is believed to be accurate. No warranty, express or implied, is made and LabChem Inc assumes no liability resulting from the use of this
SDS. The user must determine suitability of this information for his application.

11/19/2013
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Sodium Hydroxide
Safety Data Sheet

SECTION 1: Identification

1.1. Identification

Product form . Substance

Substance name : Sodium Hydroxide

CAS-No. 1 1310-73-2

Product code 1 LC23900

Formula : NaOH

Synonyms : anhydrous caustic soda / caustic alkali / caustic flake / caustic soda, solid / caustic white /
caustic, flaked / hydrate of soda / hydroxide of soda / LEWIS red devil lye / soda lye /
sodium hydrate / sodium hydroxide, pellets

1.2. Recommended use and restrictions on use

Use of the substance/mixture . Industrial use

Recommended use : Laboratory chemicals

Restrictions on use : Not for food, drug or household use

1.3. Supplier

LabChem Inc

Jackson's Pointe Commerce Park Building 1000, 1010 Jackson's Pointe Court
Zelienople, PA 16063 - USA T 412-826-

5230 - F 724-473-0647

info@labchem.com - www.labchem.com

1.4. Emergency telephone number
Emergency number : CHEMTREC: 1-800-424-9300 or 011-703-527-3887

SECTION 2: Hazard(s) identification

2.1. Classification of the substance or mixture
GHS-US classification H314 Causes severe skin burns and eye damage.

Skin corrosion/irritation,

Category 1A Serious eye
damage/eye irritation, Category 1
Hazardous to the aquatic
environment — Acute Hazard,
Category 3

H318 Causes serious eye damage.

H402 Harmful to aquatic life

Full text of H statements : see section 16

2.2. GHS Label elements, including precautionary statements
GHS-US labelling
Hazard pictograms (GHS-US)

GHS05
Signal word (GHS-US) . Danger

Hazard statements (GHS-US) : H314 - Causes severe skin burns and eye damage.
H402 - Harmful to aquatic life
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Precautionary statements (GHS-US) : P260 - Do not breathe dust, vapours.
P264 - Wash exposed skin thoroughly after handling.
P273 - Avoid release to the environment.
P280 - Wear eye protection, face protection, protective clothing, protective gloves.
P301+P330+P331 - IF SWALLOWED: rinse mouth. Do NOT induce vomiting.
P303+P361+P353 - IF ON SKIN (or hair): Take off immediately all contaminated
clothing.
Rinse skin with water/shower.
P304+P340 - IF INHALED: Remove person to fresh air and keep comfortable for
breathing. P305+P351+P338 - IF IN EYES: Rinse cautiously with water for several
minutes. Remove contact lenses, if present and easy to do. Continue rinsing.
P310 - Immediately call a POISON CENTER/doctor

P363 - Wash contaminated clothing before reuse.
P405 - Store locked up.
P501 - Dispose of contents/container to Comply with applicable regulations

2.3. Other hazards which do not result in classification

Other hazards not contributing to the : None under normal conditions.
classification

2.4. Unknown acute toxicity (GHS US)

Not applicable

SECTION 3: Composition/information on ingredients

3.1. Substances
Substance type : Mono-constituent
Name Product identifier % GHS-US classification
Sodium Hydroxide (CAS-No.) 1310-73-2 100 Skin Corr. 1A, H314
(Main constituent) Eye Dam. 1, H318
Aquatic Acute 3, H402

Full text of hazard classes and H-statements : see section 16
3.2. Mixtures

Not applicable

SECTION 4: First-aid measures

4.1. Description of first aid measures

First-aid measures general : Check the vital functions. Unconscious: maintain adequate airway and respiration. Respiratory
arrest: artificial respiration or oxygen. Cardiac arrest: perform resuscitation. Victim conscious
with laboured breathing: half-seated. Victim in shock: on his back with legs slightly raised.
Vomiting: prevent asphyxia/aspiration pneumonia. Prevent cooling by covering the victim (no
warming up). Keep watching the victim. Give psychological aid. Keep the victim calm, avoid
physical strain. Depending on the victim's condition: doctor/hospital.

First-aid measures after inhalation : Remove the victim into fresh air. Respiratory problems: consult a doctor/medical service.

First-aid measures after skin contact : Wipe off dry product from skin. Remove clothing before washing. Wash immediately with lots of

water (15 minutes)/shower. Do not apply (chemical) neutralizing agents. Do not remove clothing
if it sticks to the skin. Cover wounds with sterile bandage. Consult a doctor/medical service. If
burned surface > 10%: take victim to hospital.

First-aid measures after eye contact : Rinse immediately with plenty of water for 15 minutes. Remove contact lenses, if present and
easy to do. Continue rinsing. Do not apply neutralizing agents. Take victim to an
ophthalmologist.

First-aid measures after ingestion : Rinse mouth with water. Immediately after ingestion: give lots of water to drink. Do not induce
vomiting. Do not give activated charcoal. Do not give chemical antidote. Immediately consult a
doctor/medical service. Call Poison Information Centre (www.big.be/antigif.htm). Ingestion of
large quantities: immediately to hospital. Take the container/vomit to the doctor/hospital.
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4.2. Most important symptoms and effects (acute and delayed)

Symptoms/effects after inhalation : WHEN PROCESSED: Dry/sore throat. Coughing. Irritation of the respiratory tract. Irritation of
the nasal mucous membranes. ON CONTINUOUS EXPOSURE/CONTACT: Respiratory
difficulties. FOLLOWING SYMPTOMS MAY APPEAR LATER: Possible oedema of the upper
respiratory tract. Possible laryngeal spasm/oedema. Risk of lung oedema.

Symptoms/effects after skin contact : Blisters. Caustic burns/corrosion of the skin. Slow-healing wounds.
Symptoms/effects after eye contact : Corrosion of the eye tissue. Permanent eye damage.
Symptoms/effects after ingestion : Dry/sore throat. Nausea. Abdominal pain. Blood in vomit. Difficulty in swallowing. Possible

esophageal perforation. Burns to the gastric/intestinal mucosa. Bleeding of the gastrointestinal
tract. Shock.
Chronic symptoms : ON CONTINUOUS/REPEATED EXPOSURE/CONTACT: Dry skin. Skin rash/inflammation.

Possible inflammation of the respiratory tract. Gastrointestinal complaints.

4.3. Immediate medical attention and special treatment, if necessary
Obtain medical assistance.

ECTION 5: Fire-fighting measures

Enlw Suitable (and unsuitable) extinguishing media

Suitable extinguishing media : Adapt extinguishing media to the environment for surrounding fires.

5.2. Specific hazards arising from the chemical

Fire hazard : DIRECT FIRE HAZARD: Non combustible. INDIRECT FIRE HAZARD: Reactions involving a
fire hazard: see "Reactivity Hazard".

Explosion hazard : INDIRECT EXPLOSION HAZARD: Reactions with explosion hazards: see "Reactivity Hazard".

Reactivity : May be corrosive to metals. Absorbs the atmospheric CO2. Violent to explosive reaction with

(some) acids. Reacts violently with many compounds: heat release resulting in increased fire or
explosion risk. Violent exothermic reaction with water (moisture): release of corrosive mist.
Reacts exothermically on exposure to water (moisture) with combustible materials: risk of
spontaneous ignition.

15,3} Special protective equipment and precautions for fire-fighters

Precautionary measures fire : Exposure to fire/heat: keep upwind. Exposure to fire/heat: consider evacuation. Exposure to
fire/heat: have neighbourhood close doors and windows.

Firefighting instructions : Cool tanks/drums with water spray/remove them into safety. When cooling/extinguishing: no

water in the substance. Take account of toxic fire-fighting water. Use water moderately and if
possible collect or contain it.

Protection during firefighting : Heat/fire exposure: compressed air/oxygen apparatus.

SECTION 6: Accidental release measures

6.1. Personal precautions, protective equipment and emergency procedures

General measures : Absorb spillage to prevent material damage. Dike and contain spill.

6.1.1. For non-emergency personnel

Protective equipment : Gloves. Face-shield. Corrosion-proof suit. Dust cloud production: compressed air/oxygen

apparatus. Contact with moisture/water: compressed air/oxygen apparatus. Contact with
moisture/water: gas-tight suit.

Emergency procedures : Mark the danger area. Prevent dust cloud formation. Corrosion-proof appliances. Keep
containers closed. Avoid ingress of water in the containers. Wash contaminated clothes. On
contact with moisture/water: keep upwind. On contact with moisture/water: consider
evacuation. In case of hazardous reactions: keep upwind. In case of reactivity hazard: consider

evacuation.

Measures in case of dust release : In case of dust production: keep upwind. Dust production: have neighbourhood close doors and
windows.

6.1.2. For emergency responders

Protective equipment : Equip cleanup crew with proper protection. Do not breathe dust.

Emergency procedures : Stop release.

6.2. Environmental precautions

Prevent soil and water pollution. Prevent spreading in sewers.
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6.3. Methods and material for containment and cleaning up

For containment : Contain released product, pump into suitable containers. Plug the leak, cut off the supply. Dam up
the solid spill. Hazardous reaction: measure explosive gas-air mixture. Reaction: dilute
combustible gas/vapour with water curtain.

Methods for cleaning up : Collect the spill only if it is in a dry state. Wetted substance: cover with powdered limestone
or dry sand, earth, vermiculite. Scoop solid spill into closing containers. Under controlled
conditions: neutralize leftovers with dilute acid solution. Possible violent reaction if you
neutralize. Carefully collect the spill/leftovers. Clean contaminated surfaces with an excess
of water. Take collected spill to manufacturer/competent authority. Wash clothing and
equipment after handling.

6.4 Reference to other sections

No additional information available

SECTION 7: Handling and storage

7.1. Precautions for safe handling

Precautions for safe handling : Avoid raising dust. Avoid contact of substance with water. Measure the concentration in the air
regularly. Carry operations in the open/under local exhaust/ventilation or with respiratory
protection. Comply with the legal requirements. Remove contaminated clothing immediately.
Clean contaminated clothing. Keep the substance free from contamination. Use corrosionproof
equipment. Thoroughly clean/dry the installation before use. Do not discharge the waste into
the drain.

Hygiene measures : Wash hands and other exposed areas with mild soap and water before eating, drinking or
smoking and when leaving work. Wash contaminated clothing before reuse. Separate working
clothes from town clothes. Launder separately.

7.2. Conditions for safe storage, including any incompatibilities

Incompatible products : combustible materials. metals. Strong acids. Strong oxidizers. Protect from moisture.

Incompatible materials : incompatible materials. Moisture. Heat sources.

Storage temperature :20°C

Heat and ignition sources : KEEP SUBSTANCE AWAY FROM: heat sources.

Prohibitions on mixed storage : KEEP SUBSTANCE AWAY FROM: combustible materials. oxidizing agents. (strong) acids.
metals. organic materials. water/moisture.

Storage area : Store in a dry area. Keep container in a well-ventilated place. Keep locked up. Unauthorized
persons are not admitted. Store at ambient temperature. Keep only in the original container.
Meet the legal requirements.

Special rules on packaging : SPECIAL REQUIREMENTS: hermetical. watertight. corrosion-proof. dry. clean. correctly
labelled. meet the legal requirements. Secure fragile packagings in solid containers.

Packaging materials : SUITABLE MATERIAL: stainless steel. nickel. polyethylene. paper. MATERIAL TO AVOID:

lead. aluminium. copper. tin. zinc. bronze. textile.

SECTION 8: Exposure controls/personal protection

8.1. Control parameters
Sodium Hydroxide (1310-73-2)
ACGIH ACGIH Ceiling (mg/m3) 2 mg/m3
OSHA OSHA PEL (TWA) (mg/m3) 2 mg/m?3
IDLH US IDLH (mg/m?3) 10 mg/m3
NIOSH NIOSH REL (ceiling) (mg/m3) 2 mg/m?3
8.2. Appropriate engineering controls
Appropriate engineering controls : Emergency eye wash fountains and safety showers should be available in the immediate

vicinity of any potential exposure. Provide adequate general and local exhaust ventilation.
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8.3. Individual protection measures/Personal protective equipment
Personal protective equipment:

Safety glasses. Protective clothing. Gloves. Dust/aerosol mask with filter type P3.

Materials for protective clothing:

GIVE GOOD RESISTANCE: natural rubber. neoprene. nitrile rubber. GIVE LESS RESISTANCE: butyl rubber. polyethylene. PVA. GIVE POOR
RESISTANCE: natural fibres Hand protection:

Gloves

Eye protection:

Face shield. In case of dust production: protective goggles

Skin and body protection:
Corrosion-proof clothing. In case of dust production: head/neck protection
Respiratory protection:

Dust production: dust mask with filter type P3. High
dust production: self-contained breathing

apparatus

9.1. Information on basic physical and chemical properties

Physical state : Solid

Appearance : Crystalline solid. Crystalline powder. Little spheres. Lumps. Needles. Scales. Flakes.

Colour : White

Odour : Odourless

Odour threshold : No data available

pH 114 (5 %)

Melting point :323°C

Freezing point : No data available

Boiling point 11388 °C (1013.25 hPa)

Flash point : Not applicable

Relative evaporation rate (butylacetate=1) : No data available

Flammability (solid, gas) : No data available

Vapour pressure :<0.1hPa (20 °C)

Relative vapour density at 20 °C : No data available

Relative density :2.13 (20 °C)

Density : 2130 kg/m?3

Molecular mass : 40 g/mol

Solubility : Exothermically soluble in water. Soluble in ethanol. Soluble in methanol. Soluble in glycerol.
Water: 100 g/100ml (25 °C) Ethanol:
soluble
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Log Pow : No data available

Auto-ignition temperature : Not applicable

Decomposition temperature : No data available

Viscosity, kinematic 1 0.53 mm#/s (25 °C, 1 mol/l)
Viscosity, dynamic 1 0.997 mPa.s (25 °C, Test data)
Explosive limits : No data available

Explosive properties : Not applicable.

Oxidising properties : None.

9.2 Other information

Minimum ignition energy : Not applicable

Saturation concentration 1671 g/m3

VOC content : Not applicable (inorganic)

Other properties : Translucent. Hygroscopic. Substance has basic reaction.

OP-1258

SECTION 10: Stability and reactivity

10.1. Reactivity

May be corrosive to metals. Absorbs the atmospheric CO2. Violent to explosive reaction with (some) acids. Reacts violently with many compounds: heat
release resulting in increased fire or explosion risk. Violent exothermic reaction with water (moisture): release of corrosive mist. Reacts exothermically on

exposure to water (moisture) with combustible materials: risk of spontaneous ignition.

10.2. Chemical stability
Hygroscopic. Unstable on exposure to air.
10.3. Possibility of hazardous reactions

Reacts violently with acids. Reacts violently with water.
10.4 Conditions to avoid

Moisture. Incompatible materials.
10.5. Incompatible materials

Water. Strong oxidizers. Strong acids. metals. combustible materials.
10.6. Hazardous decomposition products

Sodium oxide.

02/21/2018 EN (English)
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SECTION 11: Toxicological information

11.1. Information on toxicological effects

Likely routes of exposure

Acute toxicity

Skin corrosion/irritation

Serious eye damagel/irritation
Respiratory or skin sensitisation

Germ cell mutagenicity
Carcinogenicity

Reproductive toxicity

Specific target organ toxicity (single exposure)

Specific target organ toxicity (repeated exposure) :

Aspiration hazard

Potential adverse human health effects and
symptoms
Symptoms/effects after inhalation

Symptoms/effects after skin contact
Symptoms/effects after eye contact
Symptoms/effects after ingestion

Chronic symptoms

: Skin and eyes contact
: Not classified

: Causes severe skin burns and eye damage.

pH: 14 (5 %)

: Causes serious eye damage.

pH: 14 (5 %)

: Not classified
: Not classified
: Not classified

(Based on available data, the classification criteria are not met)

: Not classified
: Not classified

Not classified

: Not classified
: Causes severe skin burns. Causes serious eye damage.

: WHEN PROCESSED: Dry/sore throat. Coughing. Irritation of the respiratory tract. Irritation of

the nasal mucous membranes. ON CONTINUOUS EXPOSURE/CONTACT: Respiratory
difficulties. FOLLOWING SYMPTOMS MAY APPEAR LATER: Possible oedema of the upper
respiratory tract. Possible laryngeal spasm/oedema. Risk of lung oedema.

: Blisters. Caustic burns/corrosion of the skin. Slow-healing wounds.
: Corrosion of the eye tissue. Permanent eye damage.
: Dry/sore throat. Nausea. Abdominal pain. Blood in vomit. Difficulty in swallowing. Possible

esophageal perforation. Burns to the gastric/intestinal mucosa. Bleeding of the gastrointestinal
tract. Shock.

: ON CONTINUOUS/REPEATED EXPOSURE/CONTACT: Dry skin. Skin rash/inflammation.

Possible inflammation of the respiratory tract. Gastrointestinal complaints.

SECTION 12: Ecological information

12.1. Toxicity
Ecology - general

Ecology - air

Ecology - water

: Not classified as dangerous for the environment according to the criteria of Regulation (EC)
No 1272/2008.

: Not included in the list of fluorinated greenhouse gases (Regulation (EU) No 517/2014). Not

classified as dangerous for the ozone layer (Regulation (EC) No 1005/2009).

: Harmful to crustacea. Harmful to fishes. Groundwater pollutant. pH shift.

Sodium Hydroxide (1310-73-2)

LC50 fish 1

45.4 mg/l (Other, 96 h, Salmo gairdneri, Static system, Fresh water, Experimental value)

EC50 Daphnia 1

40.4 mg/l (Other, 48 h, Ceriodaphnia sp., Experimental value)

12.2. Persistence and degradability

Sodium Hydroxide (1310-73-2)

Persistence and degradability

Biodegradability: not applicable.

Biochemical oxygen demand (BOD)

Not applicable (inorganic)

Chemical oxygen demand (COD)

Not applicable (inorganic)

ThOD

Not applicable (inorganic)
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12.3. Bioaccumulative potential

Sodium Hydroxide (1310-73-2)

Bioaccumulative potential | Not bioaccumulative.

12.4. Mobility in soil
Sodium Hydroxide (1310-73-2)
Ecology - soil | No (test)data on mobility of the substance available.

12.5. Other adverse effects

No additional information available

—T

—~

SECTION 13: Disposal considerations

13.1. Disposal methods

Waste disposal recommendations : Do not discharge into drains or the environment. Remove waste in accordance with local and/or
national regulations. Hazardous waste shall not be mixed together with other waste. Different
types of hazardous waste shall not be mixed together if this may entail a risk of pollution or
create problems for the further management of the waste. Hazardous waste shall be managed
responsibly. All entities that store, transport or handle hazardous waste shall take the necessary
measures to prevent risks of pollution or damage to people or animals. Should not be landfilled
with household waste. Recycle/reuse. Dilute. Neutralize.

Additional information : Hazardous waste according to Directive 2008/98/EC, as amended by Regulation (EU) No
1357/2014 and Regulation (EU) No 2017/997.

SECTION 14: Transport information

Department of Transportation (DOT)
In accordance with DOT

Transport document description : UN1823 Sodium hydroxide, solid, 8, Il
UN-No.(DOT) 1 UN1823

Proper Shipping Name (DOT) : Sodium hydroxide, solid

Transport hazard class(es) (DOT) : 8 - Class 8 - Corrosive material 49 CFR 173.136
Packing group (DOT) : I - Medium Danger

Hazard labels (DOT) : 8 - Corrosive

CORROSIVE

DOT Packaging Non Bulk (49 CFR 173.xxx) 1212
DOT Packaging Bulk (49 CFR 173.xxx) 1240
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DOT Special Provisions (49 CFR 172.102) : IB8 - Authorized IBCs: Metal (11A, 11B, 11N, 21A, 21B, 21N, 31A, 31B and 31N); Rigid plastics
(11H1, 11H2, 21H1, 21H2, 31H1 and 31H2); Composite (11HZ1, 11HZ2, 21HZ1,
21HZ2, 31HZ1 and 31HZ2); Fiberboard (11G); Wooden (11C, 11D and 11F); Flexible (13H1,
13H2, 13H3, 13H4, 13H5, 13L1, 13L2, 13L3, 13L4, 13M1 or 13M2).
IP2 - When IBCs other than metal or rigid plastics IBCs are used, they must be offered for
transportation in a closed freight container or a closed transport vehicle.
IP4 - Flexible, fiberboard or wooden IBCs must be sift-proof and water-resistant or be fitted with
a sift-proof and water-resistant liner.
T3 -2.65178.274(d)(2) Normal............. 178.275(d)(2)
TP33 - The portable tank instruction assigned for this substance applies for granular and
powdered solids and for solids which are filled and discharged at temperatures above their
melting point which are cooled and transported as a solid mass. Solid substances transported
or offered for transport above their melting point are authorized for transportation in portable
tanks conforming to the provisions of portable tank instruction T4 for solid substances of
packing group Il or T7 for solid substances of packing group I, unless a tank with more
stringent requirements for minimum shell thickness, maximum allowable working pressure,
pressure-relief devices or bottom outlets are assigned in which case the more stringent tank
instruction and special provisions shall apply. Filling limits must be in accordance with portable
tank special provision TP3. Solids meeting the definition of an elevated temperature material
must be transported in accordance with the applicable requirements of this subchapter.

DOT Packaging Exceptions (49 CFR 173.xxx) 1154

DOT Quantity Limitations Passenger aircraft/rail : 15 kg
(49 CFR 173.27)
DOT Quantity Limitations Cargo aircraft only (49 : 50 kg

CFR 175.75)

DOT Vessel Stowage Location : A - The material may be stowed “on deck” or “under deck” on a cargo vessel and on a
passenger vessel.

DOT Vessel Stowage Other : 52 - Stow “separated from” acids

Other information : No supplementary information available.

SECTION 15: Regulatory information

15.1. US Federal regulations

Sodium Hydroxide (1310-73-2)

Listed on the United States TSCA (Toxic Substances Control Act) inventory
Not subject to reporting requirements of the United States SARA Section 313

RQ (Reportable quantity, section 304 of EPA's List of Lists) 1000 Ib
SARA Section 311/312 Hazard Classes Immediate (acute) health hazard
All components of this product are listed, or excluded from listing, on the United States Environmental Protection Agency Toxic Substances

Control Act (TSCA) inventory

15.2. International regulations

CANADA

Sodium Hydroxide (1310-73-2)

Listed on the Canadian DSL (Domestic Substances List)

EU-Regulations
No additional information available

National regulations
No additional information available

15.3. US State regulations
California Proposition 65 - This product does not contain any substances known to the state of California to cause cancer,
developmental and/or reproductive harm
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Revision date
Full text of H-statements: see section 16:

1 02/21/2018

H314 Causes severe skin burns and eye damage.
H318 Causes serious eye damage.
H402 Harmful to aquatic life

NFPA health hazard

NFPA fire hazard

NFPA reactivity

Hazard Rating
Health

Flammability
Physical

Personal protection

02/21/2018

: 3 - Materials that, under emergency conditions, can cause
serious or permanent injury.

: 0 - Materials that will not burn under typical dire conditions,
including intrinsically noncombustible materials such as
concrete, stone, and sand.

: 1 - Materials that in themselves are normally stable but
can become unstable at elevated temperatures and
pressures.

: 3 Serious Hazard - Major injury likely unless prompt action is taken and medical treatment is
given

: 0 Minimal Hazard - Materials that will not burn

: 1 Slight Hazard - Materials that are normally stable but can become unstable (self-react) at high
temperatures and pressures. Materials may react non-violently with water or undergo hazardous
polymerization in the absence of inhibitors.

'F

F - Safety glasses, Gloves, Synthetic apron, Dust respirator
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