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F: Filter

K: Cation vessel
D: Degasifier
CF: Carbon filter
A: Anion vessel

ST1

MBP

sTZ2

CP uv FEDF puints

MF: Micronic filter

RO: Intermediate RO

ST 1: Primary DI water
storage tank

VD: Vacuum deaerator

A2 WA K eI 5 0

MBP: Mixed-bed polisher

ST 2: Secondary DI water
storage tank

UV: UV sterilizer

CP: Cartridge polisher

FRO: Final RO polisher
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Primary pure water system

Tap water

MR AR

e

AC RO RO MD

AC : charcoal tower

RO : Low-pressure RO equipment
MD : Membrane deaerator

MBP : Mixed bed column

ND : Nitrogen deaerator

Ultrapure water system

Super ultrapure
water

MBP ND ST UV AP CP UF

ST -
uv:
AP
CP.
UF .

Ultrapure water storage tank
Ultraviolet ray oxidation equipment
Anion polisher

Cartridge polisher

UF equipment
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H* ~ Na* ~ K* ~ Mg?* ~ Ca#* ~ Fe3* - Mn** %
F-~ Cl~ HCO; ~ SO,# ~ NO; ~ H2PO, -

ke i s R gk s



- g ok ek R

TIA) opilE {5 AL
e PRCELLl p Slem
( SR ERIET ) (Megohm.cm)
A AT p-p-b. (ug/L)
(Total Organic Carbon
F4357 i LiTFIe#IE
B Silt Density Index 1. fuE ¥HEAiy
2 .;ﬁ.fETurbidity 2 NTU
3R 3. B
=) 1 EAE 0.45 st CFU/ml (Colony
B For ming Unit/ml)




SRS S

3 kR E 5T A S @»m}\ﬁﬁ*i F

’ TV | T T
t Py | St :

| Speuﬁcanons Guidelines
} 256K DRAM IM DRAM 4M DRAM
1985
Delec tion i artain- 5 g‘c:i‘epl- anlagi(rgf Sp;ccgep:- </ um ULSI
ltem hmu** able able able able | VLSI target

| Resistivity @ 25°C 18.2 18.2 17.9 18.2 18.0 18.2 18.2

j max.

. TOC (ppb) 5 <20 <50 <10 <30 <10 5
THM (ppb) <l —_ s — <3 —
Particle/L 0.1-0.2 um — — A0 — <1,500 <1,000

by SEM  0.2-0.3 um — — <2000 <800 <500

0.3-0.5 um <200 <200 <50 <10

>0.5 um <l <l <l <l

Particle/L 0.3-0.5 um <l — — — — <50 <10

by on-line >0.5 pm <l - — — <100 <l <]
laser
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Specifications Guidelines
256K DRAM IM DRAM 4M DRAM
1985
Detection attain- wggf‘epr- 0"1093'(? sp;ggep:- </ um ULSI
Item | limir** able able | able  able |VLSI  target
Bacteria/100 mL |
i by culture <] 0 <6 0 <6 0 0
by SEM — — <l <10 <5 0
by epi — — <5 <50 <10 <1
Silica-dissolved (ppb) 0.25 <3 <5 <0.4 4 3 1
Boron (ppb) 0.05 e — <0.05 2.0 0.005 *
lons (ppb)
Na* 0.05 0.05 02 <0.05 0.1 0.025
, K* 0.1 0.1 03 <0.1 0.1 0.05
f 5 0.05 0.05 0.2 <0.05 0.1 0.025
'I Br 0.1 <0.1 0.1 <0.1 0.1 0.05
NO 0.1 <0.1 0.1 <0.1 0.1 0.05
SO, 0.1 0.1 0.3 0.05 0.2 <0.05
lons total 0.5 <0.5 1.2 <05 <0.7 <02
Residue (ppm) <0.1 <0.1 <03 <0.1 0.1 <005 *
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I Specifications Guidelines
256K DRAM IM DRAM 4M DRAM
. 1985 specs 1988 specs
Detection attain- ~ accept- | attain- accept- | <l um  ULSI

[tem | limir** able able able  able |VLSI  target
Metals (ppb)***

Li 0.03 — — <0.03 0.05 0.003

Na 0.05 0.05 20 <0.05 0.1 0.005

K 0.05 0.1 03 <0.05 0.1 0.005

Mg 0.02 — — <.02 0.05 0.002

Ca 2.0 — — <2 <2.0 0.002

Sr 0.01 — — <0.01 0.05 0.001

Ba 0.01 — —_ <0.01 0.05 0.001

B 0.05 —_ — <0.05 2.0 0.005

Al 0.05 0.2 20 <0.05 0.05 0.005

Cr 0.02 0.02 0.1 <0.02 0.05 0.002

Mn 0.02 0.05 0.5 <0.02 0.05 0.002

Fe 0.1 0.02 0.1 <0.02 0.1 0.002

Ni 0.02 — — <0.02 0.05 0.002

Cu 0.02 0.02 0.1 <0.02 0.05 0.002

Zn 0.02 0.02 0.1 <0.02 0.05 0.002

Pb 0.05 - — <0.05 0.05 0.005

— Not availiable at this time *Unknown  **With resonable concentration where applicable

***Using ICP-MS, GFAAS, IC where required for lowest level of detection. These elements represent the metals that are
usually found in high-purity water.

Balazs Specifications and Guidelines, (1988); Courtesy Balazs Analytical Laboratory
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I 3+ 2 A,
Catt + 2 Cl-
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Mg™ + 2 Cl-

@/Mg_@

4 Na* + 4 Cl-
“gok” 12

ERIAE: Millipore Corporation
Laboratory Water Division
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EHRIARIE: Millipore Corporation
Laboratory Water Division
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legend ®Ca. e P . O 0
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l 4,961 l _ 4954

Ca*+ ion arrangement in a 2-0 plane Metaphosphate chain
perpendicular to the A; axis .

Figure 5.11 Schematic representation of the Ca++
perpendicular to the As axis. Planar projection of
Source Raistrick (29).

ion locations in a reticular calcite plane viewed
the structure of a metaphosphate.

Figure 5.12 Metaphosphate chain positioning on a calcite reticular Cat+

plane.
Source Raistrick (29).
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B2 7-EDTA ~ NTA

If we evaluate the complexation aptitude of a molecule in terms of the number of co-
ordination bonds it is capable of forming, EDTA is seen to offer a maximum number

Table 6.1 Values forlog K5 at 20°C

Caion ~ Ba**  Ca**  Cd**  Cot+ cutt  Fe**  Fe*  Hgtt  Nitt
" NTA 4.82 6.41 954 106 12.68 884 1587 — 11.26

EDTA 7.76 10.70 1659 1621 1879 - 1433  25.1 218 18.36
DCyTA 7.99 12.50 ‘ 24.3

Cation Mg+t Mnt+ Pb++ Srt+ Zntt Lt Nat H*

NTA 5.41 7.44 11.8 498 1045 3.8 2.1 —

EDTA 8.69 13.50 18.3 8.63 1626  2.19 1.66 10.22

DCyTA  10.32 11.70

Source From data given in Metcalf and Moore (19), Freedman (8), Prakash and Choksi (20), and Schwarzenbach et al. (24).

* Certain acid functional groups of these molecules are very weak acids. A pH above the highest.pKa must
therefore be used to ensure near total dissociation.

16



EDTA 4545

HOOC — CH, CH, — COOH

\H H /
f l
*N - CH, - CH, - N*
/ \
“00C- CH, CH, - COO-

They consider that the first well-defined ion that can be obtained in solution (noted H,C?)
is :

co—-cuz/
‘/

,0 "'"‘--..
N0 g CHj
/'/ (fa//,;, /

_____..-.hN-{-L“#_—CHZ

[
el \

Figure 6.1 Structure of the EDTA-Ca* Complex.

Source Carini and Martell (4).
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(AWWA, 1995)

S lonic Molecular Macromolecular Microparticle Macroparticle
ize, pum
0.001 0.01 0.1 1.0 10 100 1.000
Approximate
Molecular 100 200 1,000 10,000 20,000 100,000 500,000
Weight | |
Ll
Viruses Bacteria
Agueous Salts Algae
Relative ===
Sizes of
Materials Humic Acids Cysts Sand
in Water I T Y
Metal
lons . Clays
Silt
I
| Conventional Filtration Processes ]
| Microfittration |
, [ Uttrafiltration |
Separation
Process |Nanoﬁﬁraiion |
RO |
| 1
| EDandEDR |
1 1
Metal lons Aqueous Salts Viruses Humic Acids Bacteria Cysts
Antimony Sodium Salts Infectious Trihalomethane Salmonella Protozoa
Arsenic Sulfate Salts Hepatitis Precursors Shigella Giardia
Nitrate Manganese Salts Vibrio cholerae Cryptosporidium
Nitrite Aluminum Salts
Cyanide
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MF/UF & s 3k 8L = &

( A
CH,O-R 0 }
; 00
1 Q" i T ’
where R is l O J
R-O O-R n
'H Or -C'CHQ .
i Polyethersulfone (PES)

Cellulose acetate (CA)

o Lo £i]

Polyvinylidene fluoride (PVDF) Polypropylene (PP)

SO0
0 ('3 O
CH,

Polysulfone (PS)

O=mw=0

Figure 12-14
Chemical structure of common MF and UF membrane materials.

20



UF 550 g S 50 P

Finer particles

trapped by cake
o ! Coating on wall

by small particles

Particles
<Krwlembnarua = o C}g?; ﬂ Q
surface \
N U
[ n.
(

b) (c)

Figure 12-15
Mechanisms for rejection in membrane filtration. () Straining occurs when particles are physically retained because they
are farger than the pores. (b} Cake filtration occurs when particies that are small enough to pass through the membrane are

retained by a cake of larger material that collects at the membrane surface. (c) Adsarption occurs when material small anough
to enter pores adsorbs to the walls of the pores.
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UF/MF 5=

Table 2.14 Cleaning techniques for UF and MF membranes

Foulant

Cleaning reagent

Process condition

Reagent action

Fats and oils, proteins,
Eolysaccharldes,
acteria

DNA, mineral salts

Fats, oils, proteins,
biopolymers

Cell fragments, fats,
oils, proteins

DNA
Fats, oils, and grease

0.5N NaOH + 200 ppm

chlorine

0.1M-0.5M acid
(acetic, citric, nitric)

0.1% sodium dodecyl
sulphate, 0.1%
TritonX-100

Enzyme detergents

0.5% DNAase
2-50% ethanol

30-60 min at 25-55°C

30-60 min at 25-55°C

30 min overnight, 25-55°C

30 min overnight, 30-40°C

30 min overnight, 30-40°C
30-60 min at 25-55°C

Hydrolysis and
oxidation

Solubilisation

Wetting, emulsifying,
suspending,
dispersing

Catalytic breakdown
(proteolysis)

Enzyme hydrolysis

Solubilisation

22
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List of Applied Pressure for Typical Membrane Filtration

Processes

Membrane processes

Pressure (atm)

RO — Seawater

R(} — Waste and process
R() — Water purification
RO — Undersink (home)
NF

UF

MF (crosstlow)

54.4-68.0
20.4-40.8
13.6-23.8
3.4
6.8-13.6
1.7-10.2
0.7-1.7

24
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Table 9 Limiting Equivalent Conductivities of Ions at 25°C in Water (Data from:
Electrolyte solutions, R.A. Robinson and R.H. Stokes, Butterworth Publishers
London, 1970)

cations APsqioe anions Ty

[em’Q ' equiv'] fem’Q' equiv’]

H* 349.8 OH 199.1
Li' 38.6 F 55.4
Na™ 50.1 Cr 76.4
K™ 735 Br 78.1
Ag' 61.9 NO; 71.5
NH,™ 73.5 HCOy 44.5
Mg>™* £310 COs* 69.3
Ca** 59.5 ClO5° 64.6
Ba®* 63.6 ClO.- 67.3
Cu?®* 53.6 SO4* 80.0
zn>* 52.8 Fe(CN)g™>" 100.9
Co?* 55.0 formeate 54.6
Pb** 69.5 acetate 40.9
La™ 69.7 P3;Oo>" 83.6
Ce?* 69.8 Fe(CN)e" 110.1

25



Table 10 Limiting Equivalent Conductivities of lons in Water at Different Temperatures
(Data from: Electrolyte solutions, R.A. Robinson and R.H. Stokes, Butterworth
Publishers London, 1970)
jion (°C 5°C 15°C 18°C  25°C  35°C  45°C  55°C 100°C
H™ 2250 250.1 3006 3150 3498 397.0 4414 4831 6300
OH 105.0 1659 1758  199.1 2330 2672 3014  450.0
Li* 194 22.7 30.2 32.8 38.6 48.0 58.0 68.7 115.0
Na~ 265 303 397 428  50.1 61.5 737 868 1450
K' 407 467 596 639 735 882 1034 1192 1950

26
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Table 10 (continued)

ion  0°C 5°C 15°C  18°C  25°C 35°C  45°C_ 55°C_ 100°C
Mg 289 49 530 165.0
Ca® 312 469 507 595 732 882 180.0
F 413 554

Cl 410 475 614 660 7635 922 1089 1264 2120
Br 426 492 631 680 781 940 1106 1278

NOy 40,0 623 715 854 195.0
SO 410 684 800 260

27



R1=60%
R2 =62%
Rt = 85%

FIG. 5.5 Configuration of two stage RO unit with interstage booster pump.
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R1=150.0 %
R2 =90.0 %

Rt = 45.0% (w/o recirculation)

Rt = 47.3% (w recircirculation)

FIG. 5.7 Recovery rate in a two pass RO unit.
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CHAPTER NINE

Trouble-Causing Substances

Damaging

] [ Blocking

Acids, Bases, (pH )
Free Chlorine
Bacteria

Free Oxygen f

Fouling i ’ Scaling

Metal Oxides,(Fe'?, Mn™%)
Colloids (organic, inorgainic)
Biological Substances
(bacteria, microorganisms)

FIGURE 9.9 Substances potentially harmful to membranes. (Rautenbach and

Albrechs, 1989, )

Calcium Sulfate
Calcium Carbonate
Calcium Fluoride
Barium Sulfate
Silica
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Table 2.7 Feed water requirements to minimise
fouling

Parameter Value

SDi45 <4
Turbidity <1~

Iron™* < 0.05 myg/I
Manganese < 0.5 mg/l
Hydrogen sulphide < 0.1 mg/I
Organics (TOC) <10 mg/I

“Some membrane manufacturers recommend that turbidity
be <0.2 NTU

*TAt pH>7.0 and 5-10mg/| dissolved oxygen; at lower pH
and lower oxygen levels, slightly higher iron levels can be
tolerated
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Cell #1 Cell #2

33 o

i

1

I .

- Surface EPS changes , adhesion
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chematic illustration of major events in membrane biofouling process.
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ZEh| AN 2R LR R k) kR
Biocides Chlorine CA,PS 0.1-1.0 mg/L
oxidizing Monochloramine All 0.5-5.0 mg/L

Peracetic CA,PS 0.1-1.0 mg/L
Hydrogen peroxide All 0.1-1.0 mg/L
Biocides Formaldehyde All 0.5-5.0%
Nonoxidizing Glutaraldehyde All 0.5-5.0 %
Bisulfite All 1.0-100 mg/L
Quaternary amines CAPS 0.01-1.0%
Benzoate All 0.1-1.0 %
EDTA All 0.01-1.0 %

33
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26| 7 5 2R LR B A R kR
Detergent SDS CA PAPS 0.01-2.0%
SDBS CA,PAPS 0.01-2.0%0.01-2.0%
Triton series CA,PS,PE 0.01-2.0%
Quaternary amines CA,PS,PE

Chaotropic Urea CA 6-8 molar

agents Guanidium HCI CA 1-2 molar
Enzyme(s) Proteases ALL 10-100mg/L
Esterases 10-100mg/L
Lipases 10-100mg/L
Polysaccharidase 10-100mg/L

Chelating Citrate ALL 0.1-1.0%

agents EDTA 0.1-1.0%
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Table 2.8 Treatment methods for controlling
fouling

Foulant Fouling control
General Hydrodynamics/shear, operation
below critical flux, chemical cleaning
Inorganic Operate below solubility limit,
(scaling) pretreatment, reduce pH to 4-6

(acid addition), low recovery,
additives (antiscalants).

Some metals can be oxidised with
oxygen

Organics Pretreatment using bioclogical
processes, activated carbon, ion
exchange (e.g. MIEX), ozone,
enhanced coagulation

Colloids Pretreatment using coagulation
(<0.5 um) and filtration, MF, UF

Biological Pretreatment using disinfection
solids (e.g. chlorination/dechlorination),

filtration, coagulation, MF, UF

Source: Schafer et al.
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RO/NF 7%

Table 2.13 Cleaning methods for RO and NF membrane systems

Foulant Example Chemical cleaner
Scale (pH adjustment and/or CaCO3, CaSOy, BaSO,, Citric acid, 0.2% (wt.) HCI, 0.5% (wt.)
scale inhibitor) SrSQy, SiO; phosphoric acid, or EDTA-based solution;
Clean silicate-based foulants with
ammonium bifluoride-based solutions
Colloidal clays/silt (filtration Si0,, Fe(OH)3, EDTA- or BiZ-type detergents at high pH;
and/or charge stabilisation) Al(OH);, FeSiO; Clean silicate-based foulants with
ammonium-bifluoride-based solutions
Biological (sodium bisulphite Iron-reducing bacteria, EDTA- or BlZ-type detergents at high pH;
addition or chlorination) sulphur-reducing Shock disinfection witﬁ hydrogen
bacteria, mycobacteria, peroxide, peracetic acid
pseudomonas
Organic (filtration) Polyelectrolytes, oil, grease Detergents/surfactants, isopropanol

Source: Amjad, Reverse Osmosis, 1993
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Silica
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FIGURE 10.3 Dependence of different torms of silica solubility on temperature.
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Figure 8.3 Silicon partitioning as a function of pH among orthosilicic acid and its various
ionization products.
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Figure 5.13 Silica solubility plot. Source: Amjad, Reverse Osmosis, 1993
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Figure 7.2 Silica solubility as a function of pH. To determine silica solubility

at a given pH, multiply the solubility as a function of temperature by the pH
correction factor of the given pH of the concentrate solution.
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Cation exchange membrane

Fo 78 ST 0 dodg fe R BR A o
e 8 ST deipdk 1 F 4T o

E»

Anion exchange membrane
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http://en.wikipedia.org/wiki/File:Ion_exchange_resin_beads.jpg

BifsGE R T

X\ 803- H‘

SO,” H*

905 H
Polystrene Chain

Water of Hydration
DVB Cross-linking

Sulfonic
Acid Group

SO, H*

Figure 3-3 Cation exchange resin — strongly acidic (hydrated).
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Table 3-1 Classification of the Major lon Exchange Resins

Type Active group Typical configuration

Cation Exchange Resins

/ l
Strong acid  Sulfonic acid T—S03H
\

—— CH5CHCHy——
Weak acid Carboxylic acid
COOH
Anion Exchange Resins
o |
Strong base  Quaternary ammonium —,—CHgN(CHg)gCI

=
Weak base  Secondary amine O_CHQNHR
x

/
Weak base Tertiary amine (aromatic matrix) [}—CHZNR2
\
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Influent
e Regenerant H,SO,
............................. or
Ca(HCO,), ) 1\ HCI
Mg(HCO;,), ,
NaHCO, | | H,CO, + €O, 1
Ca ]SO, S”E’;ﬁ;‘_j“d To Anion (HESD4
Na NO, HN{}3
{Regenerant |
Waste
¢
CaSO,
MgSO,
Na,SO,
Ca Ca
Regeneration: R{Mg + H,50, «——— RH,+ Mg SO,
Na, Na,

Figure 3-4 Hydrogen-cycle strong-acid cation exchange.
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Effluent from
Cation Exchanger

H,SO,
HCI 1 "
| trong-Base
NG, 15 Anion
H,CO, + CO, Exchanger ——— H,0
Si0, (OH")
‘Regenerant |
i Waste
Y
Na,S0,
NaCl
Na:CO]
Na,SiO,
SO, NQZSO 4
. Cl NaCl
Regeneration: R co, + NaOH ——= R:OH+ Na,CO,
Si0, Na,Si0,

Figure 3-6 Strong-base ion exchange reactions.
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CaSO, CaCl, Ca ) ) Ca
L
MgSO; or MgCl, I\N/I.i (HCO,), + RH CO,l + HO +R lr:lag
Na,SO, NaCl A
Effluent from
Cation Exchanger
Regenerant NalOH
il NGO
NH,OH
H,CO, +CO,
HCl1 To process or H,0
strong-basc unit
H,S0, g » ¢ H,C0, +CO,
Si0,
{Regenerant
i Waste
¢
NaCl
Na, S0,
HCI NaCl

Regeneration: R - H,SO0, + NaOH —» R Na,S0, + H,0
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Figure 3-10 Typical breakthrough curve for an ion exchange process.
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Figure 8-7. Illustrative diagram of a mixed bed.
McGarvey, (1990-A); Courtesy, Semiconductor Pure Water Conference
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Ganzi et al., (1987); Courtesy, Ultrapure Water journal
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AMBERJET® UP6040

anng Semi-Conductor Grade Final Polishing Mixed Bed Resin.

e,

Cation H* Apiow OH- SUGGESTED OPERATING CONDITIONS FOR BEST RESULTS
(Product may be operated successfully outside these conditions, but vesults may not be optimuim)
Muoisture holding capacity, % 14.0-51.0 540 - 60.0
e AR e Hiture 5 o 25°C 0t T
Tiita) SRR G PGy, 84/ 9,00 5110 I L.&_l._l waler emperature 15 to 25 [Ef) R F)
3 Minimum bed depth 00 mm (3 feed)
LUniformity coelficient =130 =1.20 Service How rate 0 to 50 BV /h
Hform % of sites 2499 = Recommender influent water quality
OH form % of sites - =95.0 - n
ci @ of D Inler Resistivity =17 MQcm
Tform, % of sites - Sk Inlet Silica <2ppb
L0, form % of sites = =50 Inlet Toral ()lg;lll-ll Carbon <15 ||||||
80, form % of sites ; <0.1

“ 1BV (Bed Volume) = 1 " sulution s vesin (1BV/h = 0125 gpm/j0')
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Specification ) ™
Suggested Operating Conditions
Type  Strongly Acidic Cation Gel Type | Strongly Basic Anion Gel Type
Iatrix Polystyrene + DVB (Diviny| Benzene)
leiaEanm H* OH" Feed water temperaturs 15 to 25°C
Shipping Weight (@) | 885 Minimum bed depth 900 mm z
Total Capacity 1.9 agil 1 1.0 agil 1 ge"“"ce ﬂov\:jradte_nﬁ " ity 30 to 50 BV*ih
: ecommended infiuent water guali _
SENESs e | S2+5 | B3£5 Triet Resistivity =TT o om
Uniformity Gosfficient 1.1 £1.1 Inlet Silica <2ppb
Particle Size (mm) | 630 £ 50 I 590 £ 50 Iniet Total Organks Carbon PRLT S
lonic H form | 99.0 Min |
Conversion®% OH form 95.0 Min *1 BV (Bed Volume) = 1 m3 solution par m3 resin
Mixed Ratio (%) | 1:1 (by equivalents) Cation : Anion

Operating Temperature | 80 °C Max
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| Coconut Shell Charcoal

5

O Paim Sheil Gharcoal 0l Paim Shell Actvated Carbon

Ol Palm Shell
PACKING

Our Activated Carbon are mostly packed in 500kg Bulk Bags and 25kg PP Woven Bags with inner PE
Liners. However other forms of packing can also be arranged.
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STANDARD MESHOPENING PARTICLE

Tyler
4

6

8
10
12
14
16

20
24

US. mm
4 475
6 335
8 236

12 1.70

14 1.40

16 1.18

18 1.00

20 0.85

25 0.71
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Table 1. Properties of Typical Granular Activated Carbons
Type A TypeB TypeC TypeD

Physical Properties
Surface area, m3/g (BET) 600-630 950-1050 1000 1050
Apparent density, g/lcm3 0.43 0.48 0.48 0.48
Density, backwashed and drained, Ib/ft3 22 26 26 30
Real density, g/cm3 — 21 2.1 2.1
Particle density, g/cm3 2.0 1.3-1.4 1.4 0.92
Effective size, mm 1.4-15 08-09 0.85-1.050.89
Uniformity coefficient 0.809 1.9 1.8 1.44
Pore volume, cm3/g 1.7 0.85 0.85 0.60
Mean particle diameter, mm 1.6 1.5-1.7 1.5-1.7 1.2

Specifications
Sieve size, U.S. std. series

Larger than No. 8 max. percentage 8 8 8 —
Larger than No. 12 max. percentage — — — 5
Smaller than No. 30 max. percentage 5 5 5 —
Smaller than No. 40 max. percentage @ — — — 5
lodine No. ' 650 900 950 1000
Abrasion No., minimum — 70 70 85
Ash, percentage — 8 7.5 0.5
Moisture as packed, max. percentage — 2 2 1

— = Data not available. .
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Figure 2

Passage of adsorption wave through a fixed bed and corresponding break-

through curve.
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Table 8. GAC Exhaustion for Specific Organic Compounds Detected at Wausau,

Wisconsin
Avg. GAC Influent Days to

Compound Concentration (xg/L) EBCT Saturation
cis-1,2-Dichloroethene 70.9 1.0 40
3.1 60
5.1 100
10.4 200
21.2 > 360
322 > 360
Trichloroethene 479 1.0 70
' 3.1 195
5.1 > 360
10.4 > 360
21.2 > 360
32.3 > 360
Tetrachloroethene 37.6 1.0 285
' 3.1 360
5.1 ' > 360
10.4 > 360
21.2 > 360
32.3 > 360
Toluene 19.3 1.0 > 360
3.1 > 360
5.1 > 360
10.4 > 360
21.2 > 360

32.3 > 360




Effluent DCE concentration, mg/L
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. TABLE &S iu v ws
Dissociation Energies for Interato )
~_in Organic Substances
Possibility of 5

Maximum Dissociation

Dissociation Wavelength withl184.9-nm

Bond Energy for Dissociation UV(154kcal)
C-C 82.6 346.1 yes
C=C 145.8 196.1 yes
=0 199.6 143.2 no
C-Cl 81.0 353.0 yes
C-F 116.0 246.5 yes
C-H 98.7 289.7 yes
C-N 72.8 392.7 yes
C=N 147.0 194.5 yes
C.N 212.6 134.5 no
C-O0 85.5 334.4 yes
C=0(aldehydes) 176.0 162.4 no
C=0(ketones) 179.0 159.7 no
C-§ 65.0 439.9 yes
C-S 166.0 172.2 no
H-H 104.2 274.4 yes
N-N 52.0 549.8 yes
N=N 60.0 476.5 yes
N.N 226.0 126.6 no
N-N(NH) 85.0 336.4 yes
N-N (NH3) 102.2 280.3 yes
N-O 48.0 595.6 yes
N-O 162.0 176.5 no
0-0(02) 119.1 240.1 yes
-0-0- 47.0 608.3 yes
O-H(water) 117.5 243.3 yes
S-H 83.0 344.5 yes
S-N 115.2 248.6 yes
S-0 119.0 240.3 yes
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CHsOH + 2 OH- HCHO + 2 H)0

HCHO + 2 OH- ‘ HCOOH + H)0

HCOOH + 2 OH - 0,y + 2 Hy0

0, + HO — H,(O3; —— HCO;- + H*

ERIAE: Millipore Corporation "
Laboratory Water Division
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. ' Uy Dose* Requli‘é‘d for Microbml Kill

DR }\':6- '._v,d‘ h‘f_‘ - of as :3u e _,d.f:a)’:’b__ﬁ‘(' :
Organism 90% 99.99%
Gram-negative fermenters 2-8 8-32
Coliforms, Salmonella, Serratia marcescens
Gram-negative nonfermenters 6 24
Pseudomonas
Gram-positive rods (spores) 4-7(9-12) 16-28(36-48)
Bacillus, Clostridium
Gram-positive cocci 6-23 24-92
Micrococcus
Fungi 30-300 120-1200

Mildew, pigmented water molds

*UW sec/cm?® at 254 nm
Courtesy, J.M. Martin, Pall Corp.
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Effect of H,O, and UV Dose
on By-product Formation (High MTBE)

2,000 pg/L MTBE, 3 Hz

o 1.2

m —— 0 mg/L H202
) =820 mg/L H202
E 0.8 —&— 40 mg/L H202
= —8— 70 mg/L H202
W

n 0.4

|_

=,

O
o

0 100 200 300 400
UV Dose (Kwh/1000gallons)

&R : Sun Liang, Ph.D., P.E.The Metropolitan Water District of Southern California
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BRIACE: Millipore Corporation 80

Laboratory Water Division
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k? NaClkE R et & R B repuiE 2 B %

(25°C 2. )

NacCl LR B Vo FE iR

(ug/l) (US/cm) MQO-cm
_______________________________________________ O | 0055 | 1818
________________________________________________ 1 005 | 17.60
_______________________________________________ 5 | 0066 | 1520
___________________________________________ 10 | 0076 | 13.10
__________________________________________ 20 | 0098 | 10.20 .
__________________________________________ 50 | 016 | 615
______________________________________ 100 | 027 | 370
.30 | 070 | 1.43
...e00 | 113 0.88
______________________________ 1000 | 221 | 045
_____________________________ 0000 | 1080 | 0.093

20 000 42.70 0.023
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Conditions

Water samples: 40ml trace enrichment @ 2.0 ml/min
Column: C18 reversed phase (Waters) A
Gradient: linear 100% water to 100% ace@_iftjfil 2 WeekS

Wavelength: 254 nm

1 week

1 day

w 1 hour
Control

0 5 10 15 20 25
Minutes 83

ERIRIE: Millipore Corporation
Laboratory Water Division
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