ADVANCED TECHNOLOG ES FOR AQUEQUS CLEANER WASTEWATER TREATMENT
Peter S. Cartwight, P.E

For the last tw or three decades, protection of the
environment has steadily been noving up on the priority list of
the Anerican public. Concern over issues such as the ozone hole,
the greenhouse effect, overfl ow ng [andfills, acid rain
destruction of the rain forests and over popul ation have created
an attitude of conservation and environnental responsibility
t hr oughout the country.

The United States Congress has passed the Pollution
Prevention Act of 1990, whi ch enphasi zes  "point-of - source"
reduction, recycle or recovery.

The phase-out of CFCs has led to a sharp increase in the
utilization of aqueous cleaning technologies for degreasing and
preci sion cleaning applications.

The pressure driven menbrane processes of crossflow

mcrofiltration, ultrafiltration, nanofiltration and reverse
osnosi s show outstanding prom se for aqueous cleaner wastewater
treatnment, including the isolation, concentration and possible

recycling of certain cleaning conponents, as well as recovery and
reuse of the water stream

In particular, nenbrane technol ogies possess certain
properties which nmake them unique when conpared to other
separation operations. These i ncl ude:

- Conti nuous  process, resulting in automatic and uninterrupted
operation

-Low energy utilization involving neither phase nor tenperature
changes

-Modul ar design - no significant size limtations
-M nimum of noving parts with |ow mai ntenance requirenents

-Discrete nenbrane barrier to ensure physical separation of
cont am nant s

-No chem cal addition requirenents

O her, specific treatnent technologies can be utilized to

create a total integrated system to nmeet the denmands of a
particul ar appl i cation. Such t echnol ogi es i ncl ude
el ectrodi al ysi s, dei oni zat i on, carbon adsorption, bi ol ogi cal

treatnent and ozonation
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Figure 2: Mcrofiltration

Utrafiltration

Figure 3 depicts ultrafiltration, which is used to separate
materials in the 0.001 to 0.1 mcron range (10-1000 angstrons).
Basically, wultrafiltration is used to renpove dissolved materials,
wher eas suspended solids are renoved by mcrofiltration.

My
% Ode >
'0::..'.-.. .:. ‘ . macromolecules
) o.o. MEMBRANE
g %¢
.:0:0:.0:. .‘.

®
‘oS water 09 sais
Figure 3: Ultrafiltration

Nanofiltration

This is an internmediate process between ultrafiltration and
reverse osnosis. The nol ecul ar weight cut-off (MACO properties
of nanofiltration nenbranes are in the range of 400 to 800
dal t ons. lonic rejections vary w dely depending upon the val ence
of the salts: nultivalent salts such as magnesium sulfate (MySO )
are rejected as nmuch as 99% while nonoval ent salts such as
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FUNDAMENTALS

A recent development in filtration technology known as
"crossflow' or "tangential flow' filtration allows for continuous
processing of liquid streans.' In the process, the bulk solution

flows over and parallel to the filtration surface, and because
the system is pressurized, water is forced through the filter
The turbulent flow of the bulk solution over the surface
m nimzes the accumul ation of particulate matter on the filter
and facilitates continuous operation of the system

Figure 1 illustrates both the conventional and crossflow
mechani sns.
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Figure 1. Conventional and Crossflow Filtration

Mcrofiltration

Figure 2 depicts the nechanism of crossflow mcrofiltration

Mcrofiltration involves the renoval of insoluble particulate
materials ranging in size from0.1 to 1.0 mcrons (I000-10,000
angstrons).
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Menbrane El enent Configurations

To be usable, these nenbrane materials nust be packaged into
a device, known as a "nenbrane elenment” or "nodul e".

The particular way that the nenbrane polynmer is configured
in an element design has a direct bearing on the resistance of
the menbrane to fouling. It is economcally desirable to pack as
much nmenbrane area into the device as possible wthout it
becomi ng too |large or heavy. Unfortunately, the elenent designs
that provide the greatest "packing density" (surface area per
unit volume) also have the lowest resistance to fouling as a

result of the <close spacing required to acconplish the high
packi ng density.

The avail abl e nenbrane el enent configurations are described

below and illustrated in Figure 5
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Figure 5, Membrane element configurations
Tubul ar_
Manuf actured from ceramc, car bon, stainless steel, or a

nunber of porous plastics, these tubes have inside dianeters
ranging from 3/8 inch up to approximately 1 inch (10 to 25 mj).
The menbrane is typically coated on the inside of the tube and
the feed solution flows through the interior (lumen) from one end
to the other, with the perneate passing through the wall to be
collected on the outside of the tube. Packi ng density is |ow
but resistance to fouling is very high.
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sodium chloride (Nad) may have rejections as low as 20%
depending on the particular polyner design.

Reverse Osnosi s

This process wll renove all dissolved organic (non-ionic)
solids with nolecular weights above approximtely 100 daltons, as
well as a high percentage of ionic materials. Because reverse
osnosi s nmenbranes are not perfect (they wil1ll typically renove
90-99% of the ionic contam nants), for ultrapure water
production, they are usually used as pretreatnent to a final
"polishing” deionization unit.

Figure 4 illustrates the reverse osnbsis mechani sm
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Figure 4, Reverse osmosis

Menbrane WMaterials

Al  of the above nenbrane processes utilize thernoplastic
pol ynmers or certain inorganic materials in their construction
whi ch have been optim zed for a specific range of applications.

Mcrofiltration nmenbrane polyners include such thernoplastic
films as Nyl on, cel |l ul osi cs, PVDF (Kynar) , Teflon and
pol ysul fone. Ceramic and netallic materials are al so construct ed
with porosities in the mcrofiltration range.

Most wultrafiltration nenbrane polyners are manufactured from
pol ysul fone, polyacrylonitrile or a cellulosic derivative.
Nanofiltration and reverse osnosis polyners are typically either
cellulosic (cellulose acetate, cellulose triacetate or a mxture
thereof) or a thin film conposite ("TFC') construction. The
latter usually consists of a |ayer of polysulfone nmenbrane on
which is deposited a thin film of a proprietary polynmer related
to the polyamde famly.
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the case of the other nenbrane processes, el ectrodi al ysi s
utilizes nmenbranes which selectively allow either the cation or
anionic solute to pass through in response to the electrica
charges inposed by the anode and cathode. Electrodialysis is
represented in Figure 6.
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Figure 6, Electrodialysis
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For inorganic contam nant recovery, ion exchange offers
significant potential for recycling. Uilizing the ability of
certain resins to adsorb ionic solute, ion exchange can be
effective in treating contamnated streans containing up to
approxi mately 30,000 mg/ L of i norganic salts. Figure 7
illustrates this process. Suspended solids in excess of 50 ng/L
and certain organic contaminants may foul the resin. Aso, it is
a batch process in that it must be taken offline during
regenerati on. It of fers excel | ent potential in those
applications requiring that the reverse osnosis perneate be
polished to achieve very high purity.
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Figure 7, lon Exchange

Ozonati on

Ozone, a colorless gas with a pungent odor, is created when
oxygen is exposed to either a high voltage electrical discharge
(lightning, electrical "short") or ultraviolet radiation. Qzone
is very unstable and reverts back to oxygen in minutes. Wen
dissolved in water, ozone is a powerful oxidizing agent and is
very effective at destroying organic conpounds, particularly in
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Hol | ow Fi ber (Capillary)

These elenents are simlar to the tubular elenment in design
but smaller in diameter andrequire rigid support such as is
obtained from the epoxy "potting"of a bundle inside a cylinder
Feed flow is either down the interior of the fiber or around the
outside of the fiber. Packing density is nedium and fouling
resi stance is high.

Fi ne Hol | ow Fi ber

This elenment was once widely used in a variety of water

purification applications. It consists of a bundle of thousands
of hair-like hollow fibers. The flowis "outside-in" with the
pernmeate exiting fromthe interior (lumen) of each fiber. The
fibers are extrenely fragile and so easily fouled that these
el enments only find special application today in seawater

desalting markets, particularly in the Mddl e East.

Spi ral - Wund

This elenment is constructed from an envel ope of sheet
menbrane wound around a perneate tube that is perforated to allow
collection of the perneate. Water is purified by passing through
one |l ayer of the nmenbrane and flowing into the perneate tube.
Packing density is low and resistance to fouling is fair.

Pl ate and Frane

This elenent incorporates sheet menbrane stretched over a
frame to separate the layers and facilitate collection of the

per neat e. Packing density is low and resistance to fouling quite
hi gh.

The foll ow ng t abl e lists t he i mpor t ant physi cal
characteristics of t he vari ous nmenbr ane el ement device

configurations avail abl e today:

El enent Packi ng Suspended Sol i ds
Configuration Densi t y* Tol erance **
Tubul ar Low Hi gh

Hol | ow fi ber Medi um Hi gh

Fi ne hollow fiber Hi gh Low

Spi ral -wound Medi um Low Fair

Plate and Frane Low H gh

Menbrane area per unit volune of space required.
** Foul i ng resistance

El ectrodi al ysi s

El ectrodialysis utilizes perneable nmenbranes as well as an
anode and cathode to effect separation. |Instead of driving pure
wat er through the nenbrane and |eaving contam nants behind, as in
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fouling problens - the bane of all nenbrane systens. Certainly,
suspended solids of any kind represent a potential problem and
as indicated above, the configuration of the nenbrane el enent
plays a najor role in its ability to resist fouling.

In reverse osnosis applications (and to a |I|esser extent
ultrafiltration), osnotic pressure considerations can have a
significant effect on the system design. Csnotic pressur(am)
is loosely defined as the resistance of a particular solution to
becom ng concentrated by the nenbrane process. It is a function
of both the solute itself and its concentration

Menbrane Polynmer - The polyners from which the various nenbrane
el ement s are constructed have been previously addressed

Qovi ously, the choice of nmenbrane polyner is a key conmponent wth
regard to effecting the separation and each polyner has its

particular strong and weak points; none is perfect. It is
essential that the design engineer understand the particular
characteristics of each polymer well enough to select the one

nost appropriate for the specific application

Menbrane Area - The larger the nenbrane area in a system the
greater the perneate rate, everything else being equal

Menbrane El enent Configuration - This factor is addressed above

Tenperature - Because of its |lower viscosity, warm water WI I
flow nore readily through nenbrane pores than cold water

hence, as tenperature is increased, perneate rate increases
Because nost nenbrane polynmers are thernoplastic, t hey becone
softer and nore conpressible when warned. The conbi nation of
tenperature and pressure can cause irreversible compaction in
sone polynmers (e.g. cellulosic), resulting in premature failure.
Certain plastic polyners as well as nost non-plastic nenbranes
exhibit excellent thermal stability and offer significant promnm se
in those applications where it is considered desirable to process
a sStream at elevated tenperatures. Each nmenbrane el enent
manuf acturer provides data on the relationship of tenperature to
pernmeate rate for its products.

Applied Pressure - In general, the perneate rate of a nmenbrane
element 1s directly proportional to the net driving pressure.
Net driving pressure is defined as the total punp pressure m nus
the osnmotic pressure mnus any back pressure in the perneate

l'i ne. Net driving pressures range from as |ow as 30 psi (2 bar)
for mcrofiltration systens to approximtely 1000 psi (68 bar),
considered to be the practical limt for available reverse
osSNDSi s systens.

Csnotic pressure deserves nore discussion at this point
because of its effect in nmany reverse osnosis applications.
Csnotic pressure increases as the concentration of the solute
i ncreases. Because osnotic pressure is related to ionic
concentration, such factors as pH and tenperature may al so have

Precision Cleaning ‘95 Proceedings 169



ppm concentrati ons.

Figure 8 illustrates the production of ozone gas by the
corona di scharge nethod.

[

Electrode

Dielectric
material

Potential e o ,‘
difference 0Oz > - Discharge.gap; /! 3 >

A TR
PG il oL, g
4

Electrode

Figure 8, Corona Discharge Production of Ozone Gas

Bi ol ogi cal

Utilizing either aerobic or anerobic bacteria, these
processes have recently expanded from municipal wastewater
treatment into the pollution «control arena. Mst effectively
used for dissolved organic contaninants, the nechanism involves
destruction of the contaminant by microbial catabolism The
resulting products may be as basic as carbon dioxide, nethane,
and water. Limtations include a maxi mum BOD concentration of
approximately 10,000 mgL as well as sensitivity to heavy netals
and certain organic chemcals.

DESI G\ CONSI DERATI ONS

In general, the following factors affect performance and
efficiency in any nenbrane based treatnment system

-Water Analysis

- Menbr ane Pol yner

- Menbr ane Area

-Menbrane El enment Configuration
- Tenperature

-Applied Pressure

- Recovery

-Fl ow Conditions

-Menbrane El enment Array

Water Analysis - The chemical conposition of the feed_stream can
affect the nenbrane elenent in a nunber of ways. The pol yner
itself can be degraded by certain chenicals. For exanpl e,

cel lul osic nmenbrane polyners are subject to hydrolysis by high pH
and polyamide and most TFC polynmers are degraded by oxidizing
agents such as chlorine. Water chemstry can also contribute to
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Effect of Recovery on Increase in Solute
Concentration in Concentrate Stream
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Figure 10: Pl ot of recovery vs. concentration factor
Each nenbrane el enent manufacturer will indicate the maximum
recommended recovery for its products. If this figure is
exceeded in the system design, there is danger that flows through
the element wll no |longer be turbulent, thereby resulting in

i ncreased concentration polarization and fouling.

Concentration polarization is a phenonmenon associated with
reverse 0SNoSis. Wien a fouling layer (dirt, scale, biofilm
etc.) builds up on a nenbrane surface, It prevents normal m xing
of rejected ionic contam nants (salts) throughout the flow ng
stream This buil dup of salts can produce additional scaling and
further fouling. Additionally, because the rejection of salts is
al ways a percentage of the concentration at the nenbrane surface,
concentration pol arization produces [ower perneate quality
(hi gher TDS). In many cases, this drop in perneate quality wll
indicate a fouling condition prior to a drop in perneate flow -
the traditional fouling indicator

Flow Conditions - It has been shown that nenbrane elenents
are nuch less susceptible to fouling from suspended or
precipitated solids if all of the flows through the elenent are
t ur bul ent. This is indicated by the term "Reynol ds nunber",

which is a dinensionless nunber expressed as:

di aneter x mass velocity
viscosity
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an effect with certain solutes. In most Water purification
applications, the total dissolved solids (TDS) concentration of
the feed water is sufficiently low so that osmotic pressure is
not significant. Exceptions to this are brackish water supplies
(TDS > 10,000 ppm and seawater (TDS > 35,000 ppm.

In waste treatnment and processing applications, osmotic
pressure considerations becone increasingly inportant. These
applications typically involve high recoveries, described in the
waste treatnent section.

Recovery
Figures 9 and 10 illustrate the relationship of system
recovery to solute concentration, expressed as "concentration
factor," defined as 1.
| -recovery
Cr
Ce = =X C
C 1-Recovery F

X = ‘Concentration Factor

Recovery X
33% 1.5
50% 2
67% 3
75% 4
80% 5
90% 10
95% 20

97 112% 40
98% 50
99% 100

Figure 9: Concentration factor vs recovery
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MEMUHANE ELEMENI
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Figure 13 Menbrane system schematic

APPL| CATI ONS

Aqueous cleaners can be divided into three subgroups

al kal i ne, detergent and enul sion cleaners, as described bel ow

Al akline cleaners are aqueous cleaners containing
phosphates, borates and silicates. They generally also

contain surfactants.

Detergent cleaners are sinply solutions of detergents

in water.

Emul sion cleaners contain enulsified solids. Because
these solutions are only sem -aqueous, may have flammability
problens and |eave only residues, they are wused only in

speci al applications.

Menbrane separation technologies can be used to separate

emul sified and dissolved oils fromthe rest of the solution
however, particulate materials and free oils are often present

these applications and can create fouling problens. If the
concentration of these contamnants is high enough to cause a
potential problem t hey can be reduced utilizing such

t echnol ogi es as filtration, dissolved air flotation
coal esci ng.
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Figure 14 illustrates t he application of nenbrane
technol ogies to contaminated rinse waters from aqueous cleaning
processes. In applications where the cleaning chem stries can
be separated fromthe oily contamnants, ultrafiltration can be
utilized to effect this separation and the cleaners can be
recovered for reuse.

In those cases where the water is to be discharged to the
| ocal POTW (Publicly Owmed Treatnment Wrks) or to a surface water
source, reverse osmosis technology may be required to renove

excessive concentrations of ionic contam nants. In certain
applications where the purified water nust meet specific high
quality requirenents, ion exchange <can be utilized to "polish"

the reverse osmosis perneate.

In those cases where there is a need to further reduce the
volume of the reverse osmosis concentrate stream, el ectrodial ysis
technol ogy can be used to concentrate ionic contamnants, and, if
necessary, evaporation can be wused to renove the |ast traces of
wat er .

For oily wastes in the concentrate stream it may be
possible to wutilize biological treatnment to break down the
BODY COD conponent s.

CONCLUSI ONS

Menbrane technol ogi es conbi ned W th nore traditiona
technol ogies, offer significant opportunites 1in waste treatnent
applications associated wth precision cleaning industries.
Hopefully, this presentation has provided insight and a better
under standi ng of these technol ogies.
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