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Feature Report

MIGCROFILTRATION

Part 2

For GPl Wastewater

Consider this method for high-purity
water needs, including that for steam
generation and hiofuels processing

Brad Buecker
Kansas City Power & Light Co.

ure water is an essential ingre-

dient in the manufacture of a

vast amount of products in the

U.S. and, of course, throughout
the world. In the industry for which
I work, electricity generation, high-
purity water is an absolute must for
feeding high-pressure steam genera-
tors. But of course, steam generation
is also important in the petroleum-re-
fining and petrochemical industries,
pharmaceutical plants, the steel and
non-ferrous metals industries, and so
on. Furthermore, high-purity water
for other processes — computer-pro-
cessor and circuit-board manufactur-
ing come quickly to mind — is also an
absolute necessity. And, let’s not forget
the blossoming biofuels industry.

As has been reported in this maga-
zine and elsewhere, the techniques of
microfiltration (MF) and ultrafiltra-
tion (UF) are gaining popularity as
pretreatment methods for industrial
makeup-water production. This ar-
ticle outlines fundamental principles
of these technologies, and why they
are replacing previous technologies. It
also discusses lessons I have learned
from direct experience with a microfil-
tration system.

Filtration issues

As a precursor to microfiltration re-
view, consider filtration from both
sides (particle-size wise) of MF. (See
Chem. Eng, January 2007, pp. 40—44,
for an excellent article on cartridge
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FIGURE 1. In crossflow filtration, a portion of the water is
forced through the membrane while the dissolved solids flow
with the remainder to the waste stream outlet

filtration [I].) Direct filters operate
on the simple principle of particulate
capture, where the solids latch onto
or lodge between filter fibers. As the
article outlines, direct filtration can
remove particles down to 0.5 microns
in size — excellent indeed! The major
drawback to direct filtration is that the
filters foul irreversibly, and thus must
be replaced on a regular basis. Exces-
sive particulate loading will minimize
the advantages of direct filtration.

At the ultimate end of the filtra-
tion spectrum is reverse osmosis (RO),
which has found wide acceptance in
many industries for its ability to re-
move dissolved ions. People often think
of RO membranes as having discrete
pores, but this is a misconception. A
more accurate description is a mem-
brane with torturous paths whose ef-
fective diameters are only angstroms
in size. RO does not remove impurities
by direct filtration, but rather via an
electromechanical process whereby
water forms a boundary layer along
the membrane surface and “pore”
walls. The extremely small pore size
and water boundary layer prevent the
passage of most dissolved ions, par-
ticularly larger ions such as calcium,
magnesium, bicarbonate, chloride,
and sulfate. The inability for the large
ions to pass through the membranes
greatly reduces the ability of small
ions — Na+ is the primary example
— to pass, as the solution must main-
tain ionic neutrality.

Via the technique of crossflow filtra-
tion, where the pressurized feed to the
RO passes tangentially to the mem-
brane surface, a portion of the water
is forced through the membrane while
the dissolved solids flow with the re-
mainder to the waste stream outlet
(Figure 1). Placement of membranes
in series allows water recovery values
typically around 75% with solids re-
jection of 99% or better with modern
membranes. RO has become impor-
tant, especially in the power industry,
as an ionic load-reducing mechanism
ahead of ion-exchange polishers.

Microfiltration’s role

So, how does microfiltration fit into
the water treatment scheme? The
point to remember is that industrial
makeup originates from a primary
water source such as a lake, river, un-
derground aquifer, or perhaps even
the ocean. All surface supplies contain
suspended solids in varying degrees.
We have already noted that direct fil-
ters, such as the cartridge devices that
protect RO membranes, will quickly
foul when overloaded, which would be
the case if they served as the primary
filter of surface supplies.

The upside of this issue is that ef-
fective upstream pretreatment is
required ahead of the final polish-
ing devices. For many years, the pre-
treatment technology of choice was
clarification followed by media filtra-
tion. Certainly, this technique is very
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FIGURE 2. Most membrane housings use hollow-fiber membranes that are spa-

ghetti-sized in diameter

viable, and the technology has im-
proved over time just like everything
else. However, even the most modern
clarifiers require feed of a coagulating
chemical followed by feed of a floccu-
lating chemical. Operator attention is
necessary to ensure that the clarifier
beds do not overflow due to improper
chemical feed or changes in the inlet
water quality, a common issue with
surface-water supplies. Not infre-
quently, operators may find a depleted
or vanished bed due to malfunction of
a sludge, blowdown valve.

MF and UF are becoming popular
because the processes utilize crossflow
filtration, similar to RO but with a dif-
ferent type of membrane, to continu-
ously filter makeup water. Particulate
material 0.1 micron in size and even
smaller is removed by the membranes,
with minimal operator attention re-
quired [2].

Membrane configuration

The most popular systems utilize hol-
low-fiber membranes, which are spa-
ghetti-sized in diameter. This author’s
direct experience is with the unit
shown in Figure 2.

Each of the pressure vessels con-
tains approximately 6,000 hollow-
fiber membranes. Raw water enters
the vessels from the bottom and is col-

lected in headers at the top of the skid
for downstream distribution.

The fibers are all manufactured
of polyvinylidene fluoride (PVDF).
PVDF is quite tough and corrosion
resistant, and is an excellent mate-
rial for this application, in large part
because pore sizes can be larger (and
operating pressures much lower) than
for RO. PVDF is not suitable for RO
membranes, because the material can-
not be fabricated to establish the ex-
tremely small pore size.

Like RO, MF and UF units are also
designed for crossflow filtration, in
which the water flows along the mem-
brane surfaces and the filtered water
passes through the walls. The typical
configuration is raw water flow along
the outside of the membrane, with
permeate flow into the hollow area of
the fibers. An outside-in flow-path con-
figuration is preferred by many, as the
particles can be more easily flushed
from the membranes during cleaning
than with the opposite flow pattern.
The common process is to produce fil-
tered water for a set period of time,
followed by a regular but relatively
short backwashing step. In the system
shown above, the operators normally
set the process flow timer within a 10-
to 20-min range, interrupted by a one-
minute scrub with filtered water via

FIGURE 3. Magnified view of a hollow
fiber membrane

an inside-out flow path. The backwash
cycle also includes an air scrub, on the
external membrane surfaces, to scour
particles.

Lessons learned

Even with regular backwash cycles,
MF membranes will accumulate sol-
ids over time. Periodically, a unit shut-
down and off-line cleaning is required.
Cleaning may be performed on a regu-
lar basis, say once a quarter, or may be
set up on an as-needed basis by moni-
toring the differential pressure across
the membranes.

A common method involves a step-
wise circulating wash (perhaps two
hours or so) with a warm (100°F),
dilute sodium hydroxide (1%) and so-
dium hypochlorite (500 parts per mil-
lion [ppm]) solution, a rinse with fil-
tered water, a two-hour cleaning with
a warm citric acid solution (0.5%), and
then another rinse. We have found that
cleaning every two to three months
is good for maintaining membrane
cleanliness. The unit takes water from
a lake, where the maximum turbidity
may reach 15 nephelometric turbidity
units (NTU). This value is low com-
pared to other sources, such as a river,
where heavy rains upstream may pro-
duce temporary turbidity readings in
the hundreds of NTU.

For these more-challenging appli-
cations, systems are available with a
supplemental semi-automatic clean-
ing system that will shut the unit
down and clean the membranes with
acid and caustic on a timed interval
or based on membrane differential
pressure. I say semi-automatic be-
cause the plant chemists or techni-
cians are still responsible for ensur-
ing the proper chemical mixes in the
cleaning feed tanks.

We also discovered that continuous



feed of a residual oxidizing biocide,
(0.2-0.5-ppm concentration) was ex-
cellent for controlling microbiological
growth in the membranes. PVDF is
quite resistant to common biocides. We
feed a compound that produces bro-
mine due to the fact that the inlet raw
water typically has a pH in the range
of 8.0 to 8.5. Simple bleach is not par-
ticularly effective at alkaline pH.

This particular system replaced an
aging clarifier and sand filters, where
annual chemical, operating, and main-
tenance costs were $80,000 or more per
year. Calculated costs for the microfil-
ter are $20,000 per year, mostly for
power consumption by the feed pump
and the regeneration pump. This cal-
culates to $0.15 per 1,000 gal of water
produced. Except for repair of a few
mechanical couplings on interconnect-
ing lines, maintenance requirements
have been minor.

Future issues

The need for pure water continues
to grow. As was mentioned in the in-
troduction to this article, the biofuels
industry is one such area of expanded
growth. Chemical Engineering and
other important publications have
provided steady reports on the issues
related to the biofuels industry [2-5]
and the fact that if cellulose-based
fuel can be produced efficiently, the
market will really expand. Of course,
water is a vital ingredient in biofuel
manufacturing. However, there is a
twist to this issue, and it applies to
other industries as well. The twist is

that fresh water supplies are becoming
more scarce, with the result that water
conservation is taking on increased
importance. This issue was brought
out quite clearly at a biorenewables
conference held at Iowa State Univer-
sity in November 2006 [6].

Of course, excitement ran through
the crowd as scientists discussed new
advances with regard to biomass-to-
fuel developments. However, the semi-
nar included many pragmatic papers
and roundtable discussions on auxil-
iary issues. Topics included the logis-
tics of collecting biomass, effects of
biomass collection on subsequent soil
quality, transport of finished products,
and the effects of high water usage on
groundwater sources and other sup-
plies in and near the physical locations
of biorefineries and biofuels plants.
Recycling of waste streams almost
certainly will become very important,
and this is where microfiltration cou-
pled with downstream treatment can
be of great benefit. Wastewater typi-
cally picks up many suspended sol-
ids, and if these can be economically
removed, subsequent polishing by RO
and/or ion exchange returns the fluid
to top quality.

Recycling will not be confined to the
biorenewables industry. I regularly see
or hear reports of other facilities that
are considering the use of “gray” water
for plant makeup. Gray water is often
only thought of as the effluent from a
sanitary wastewater plant, although
it can be waste from other sources.
The key point is that these waters fre-
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quently contain suspended solids of
several-hundred ppm concentration.
Steady-state removal of the particu-
lates, as is offered by microfiltration,
opens a window to recycling. |

Edited by Rebekkah Marshall
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