Gonrivvous ImPROVEMENT

Optimizing Portable Exchange DI Plants
using a Rinse Recycle Scenario

Summary: The rinse recycle technique

_ canmake marked improvements to exist-
ing PEDI plants including reduced waste,
highercapacityandtime savings. Butthere
are a few things to bear in mind when
undertaking this process.

esource optimization—
particularly water conservation
—in portable exchange deion-
ization (PEDI) plantsisa goal of many
water treatment professionals. There
are several techniques available that
can be used to minimize water con-
sumption and wastewater discharge
volume. These techniques also pro-
vide a higher capacity regenerated
resin, save on time and even save on
equipmentby minimizing neutraliza-
tion tank size requirements.
PEDIplantsare designed toregen-
erate portable resin tanks and then
bring the tanks to customers’ plants to

provide DI water. When those tanks

areexhausted, they arereturned to the
central regeneration facility.

The economics of a PEDI opera-
tion usually are based on the amount
of timea tank spends at the customer’s
facility. The longer the tank is in ser-
vice and operating, the greater the
value. Thelongeritlastsinservice, the
less frequent the change-outs and the
less frequently a service representa-
tive has to visit the facility. Customer
visits involve the service repre-
sentative’s time, the truck with its as-
sociated expenses, and materials.
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Different PEDI plants have differ-
ent economic driving forces. Some
plants need to economize on chemical
usage, while others need to save on
water consumption. Still others have
an operation where time is of the es-
sence and tanks must be in and outin
the shortest possible time. Inany case,
plant optimization is a major concern.

Regenerating resins

The regeneration of ion exchange
resinis a four-step process: backwash,
chemicalinjection, displacementrinse,
and fast rinse to quality. The back-
wash introduces water counter cur-
rentto purge the resin of any resin fines
and reclassify thebed. Chemical injec-
tion regenerates the resin by convert-
ing it to the proper ionic form. The
displacement rinse allows the final
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part of the chemical injection to react
with the resin and slowly rinse out the
bulk of the spent regenerant. The fast
rinseis used to get the remaining chemi-
cal traces out of the bed and bring
water quality back toa pointwhere the
unit may be put back into service.

Waste not, want not

The fast rinse step performed after
chemical injection is the largest pro-
ducer of wastewater during the regen-
eration process. A typical PEDI plant
uses 50-to-75 gallons of rinse water per
cubicfootofresin. Thisamountisrough-
ly 70 percentof the total volume of waste-
water produced during regeneration.

Using a rinse recycle configura-
tion during the rinsing step will slash
water consumption more than 65 per-
cent. The equipment required for this
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technique is a dedicated cation ex-
change tank for rinsing anion ex-
change resin and a dedicated anion
exchange tank (weak base or strong
base) for rinsing cation exchange res-
ins. A pump, conductivity meter and
some additional piping are also re-
quired. It is also possible to use this
technique withoutdedicated tanks by
using the separate cation and anion
components to neutralize and rinse
each other. See Figure 1 for system
configuration.

This technique starts out like a
normal rinse. Using plant water, the
rinse water is sent to waste until about
one ortwobed volumes (7.5-to-15gal /
ft*) have been displaced. At this point,
the rinse recycle step can begin. Con-
ductivity also can be used as a dis-
placement rinse endpoint and as an
indicator of when to initiate the rinse
recycle step.

Longer life

How often do you regenerate the
dedicated rinse tanks? The lower the
conductivity achieved during the dis-
placement rinse step, the longer the
life of the dedicated rinse recycle tanks.
5,000 micromhois the maximum con-
ductivity allowable to achieve favor-
able rinse recycle capacity. One cubic
foot of strong acid cation exchange
resinis good for about200-to-700 f+* of
regeneration. Strong base Type 1 po-
rous anion exchange resin is good for
about 100-to-350 ft* of regeneration;
weak base anion exchange resin for
about 125-to-550 ft*. These numbers
are based on the basic capacity num-
bers of the dedicated rinse resins

Type of resin Dosage

Strong 8 Ibs. per.ft2 HCI
acid cation

Strong 8 Ibs. per 2 NaOH
base anion

Weak 8 Ibs. per fi® NaOH
base anion
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shown in the chart below.

Saving water, managing resources

In addition to saving large vol-
umes of water, arinserecycle freesup
other plant resources. A recirculated
resin rinse is a stand-alone opera-
tion. Two tanks are hooked up in a
recirculating loop utilizing a pump.
Limited operator attention is re-
quired and no additional water is
needed. At this point, plant water
and manpower become available for
use in other operations. City or dem-
ineralized waterisnolongerneeded
for constant rinsing of the DI resins
and the next regeneration may be
started at this time.

Many plants are limited by the
total water flow available. A rinse
recycle configuration allows limited
plant resources such as water pres-
sure and flow to be utilized more
efficiently and increase productiv-
ity. For example, a plant equipped
with %-inch water service has a total
usable flow rate of only 20 gpm, pro-
hibiting simultaneous operations
from occurring in the plant. By using
rinse recycle, operations can now be
performed in parallel. Resins may be
self-neutralizing while a second re-
generation is occurring. Since the
rinse recycle is a stand-alone pro-
cess, no additional water is needed
and there is no demand on the inlet
water service.

Higher capacity

Additional savings may be real-
ized throughhigher capacity from stan-
dard regenerations. Plants using city or

Capacity(kgrs/ft®) Type of Resin
30 Strong Acid Cation
Strong Base Anion
15
Weak Base Anion
24

softened water to rinse their DI resins
will use large volumes of water and
exhaust some of the resin’s capacity
during the fast rinse. By using a rinse
recycle, afinite quantity of waterwitha
knownsaltcontent willberecirculated
through the resins, self-neutralizing
each other and rinsing up to water
quality. By using a rinse recycle opera-
tion as opposed to high conductivity
rinse water, operating capacities may
be increased by as much as 5 percent.

For those plants using deminer-
alized water for rinsing, using a
smaller quantity of rinse water will
require less demand from the plant
demineralizers. Subsequently, these
demineralizers willneed toberegen-
erated less frequently and will gener-
ate less waste volume for the plant to
discharge.

Equipment

When initiated, the rinse recycle
step diverts the rinse water from the
waste storage tank to a dedicated ion
exchange rinse tank and then back
into the ion exchange regeneration
vessel. The rinse water, after it has
gone through the cation exchange bed
and has rinsed down to a predeter-
mined quality, is diverted from the
waste tank to the dedicated anion ex-
changerinse tank. The dedicated rinse
tanks are small units that contain one
to several cubic feet of resin. Therinse
water goes through this dedicated rinse
tank, then toa pump thatprovides the
momentum force to push the water
back through the resin that is being
rinsed. Guidelines for sizing the dedi-
cated rinse tank are shown below.

Rinse capacity
200-700

100-350

125-550

Cubic feet of resin rinsed per cubic feet of rinse recycle resin.
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The information above details
the additional equipmentneeded for
therinse recycle program. One of the
benefits of rinse recycle is the fact
thatsome equipment, precisely alarge
neutralization tank, is not needed.
By eliminating the bulk of the waste-
water produced during regeneration,
a smaller wastewater tank can be
used in a PEDI plant. Existing PEDI
plants can now regenerate larger
quantities of resin using an existing
waste neutralization tank. Many
times, the waste neutralization tank
is the limiting factor in how much
resin can be regenerated on a given
day. Larger batch sizes of resin also
may be regenerated because of the
savings in waste volume.

Potential pitfalls

Pumps used in rinse recycle sys-
tems will have a tendency to heat the
waterasitis pumped around theloop.
In extreme cases, if systems are left
unattended, water temperatures may
exceed limits for the materials used in
the construction of the recirculation
loop.

Improper sizing of recirculation
pumps can cause various problems as
well. A pump that is too small will
cause excessiverinse times. Addition-
ally, leaks in the system may cause
waterlevels to fallbelow the resinbed
and cause poor orimproper rinsing of
the resin.

An example

Technically, one cubic foot of
strong acid cation resin will have the
capacity to rinse recirculate at least
200 cubic feet of strong base anion
resin. However, it would not be prac-
tical to have a 200 cubicfootregenera-
tion vessel and a one cubic foot rinse
recirculation tank.

A rinse recirculation tank
should be sized for flow rate. Ap-
proximately 5-to-10 bed volumes of
water arerequired torecirculaterinse
resin, with a bed volume defined as
7.5 gallons of water per cubic foot of
resin. It follows that an undersized
pump will take a very long time to
recirculate this volume of water.

For example, a 60-cubic-foot bed
of anion resin has been regenerated.
How big should the rinse recycle be?
It will take at least five bed volumes
of rinse recycle water to finish the
recycle process:

60 cubic feet x 7.5 gallons
per cubic foot
x 5 bed volumes
= 2,250 gallons of rinse recycle water.

If our goal is to rinse the resins
down in 60 minutes, this means we
have to pump 37.5 gallons per minute.
Additionally, our rinse recycle tank
must be sized to accommodate this
flow rate. Therefore, a tank containing
10 cubic feet of resin should be large
enough toaccommodate this flow rate
(see Figure 2).

Conclusion

Therinserecycle technique canbe
asubstantialimprovement to an exist-
ing PEDI plant. This brief overview
has presented guidelines for imple-
menting this concept, but each PEDI
plant has its own idiosyncrasies and
priorities. Contact your resin manu-
facturer for specific design
recommendations.t

Editor’s note

The calculations in this article were
conducted based on resins supplied by
ResinTech.
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