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ABSTRACT

Ion exchange resins have been cleaned on-site using mobile equipment for sixteen years,

first as Res-Q with (then) Betz Laboratories, and now as RTI.  While most of the

cleanings involved removing natural organics from anion resins, a substantial fraction

involved the removal of hardness fouling from cation resins, including Ba, formerly

considered intractable.  This report compares the relative removal frequencies of the

mobile equipment vs. plant efforts.  The paper also announces a substantial improvement

in the protocol for natural organics on anion resins, using a totally new chemistry,

resulting in consistent 90+% removal.  The impact of resin cleaning on water plant

operations and economics is discussed.

Historical Introduction

In 1989 (then) Betz Laboratories

developed the first, mobile tractor/trailer

rig for the on-site cleaning of ion

exchange resins.  They called the

operation Res-Q, which did not stand for

“rescue,” as almost everyone thought,

but “resin quality.”  As the operation

turned out, “rescue” might have been the

better meaning.

Although Betz Laboratories was

headquartered in Trevose, PA, the early

management of Res-Q was out of the

Pensacola, Fl field office.  The fleet of

(eventually) three trucks was quartered

in Monroe, LA, central to many

southeast paper mills as well as the huge

petrochemical operations in East Texas

and southern Louisiana.

In 2001 the Res-Q operation was

acquired by the writer and his partner,

Robert Finley; and reformulated as RTI.

The operation is now independent of any

specialty water treatment company and

indeed works with all of them.

The cleaning trailers contain chemical

makedown tanks, an on-board softener, a

water heater, resin cleaning vats, as well

as a small laboratory.  The cleaning

protocols, developed over sixteen years,

will remove key foulants from cation

and anion exchange resins.
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Resin Foulants Table 1 summarizes the foulants to

which ion exchange resins are subject.

Table 1

Foulant Origin Typical System Problems

STRONG ACID CATION (SAC), WEAK ACID CATION (WAC)

Silt and debris Inlet water High pressure drop,

impaired kinetics

Ca, Ba Hardness – H2SO4 regen. Long cation acid rinse,

anion short run

Fe Inlet water Impaired kinetics

Microbiological Inlet water High pressure drop

Polymer, Al Clarifier overfeed Impaired kinetics, resin

cementation

STRONG BASE ANION (SBA), WEAK BASE ANION (WBA)

Natural Organics Inlet water Long anion final rinse

Fe Inlet water Impaired kinetics

Microbiological Inlet water High pressure drop

Silica Poor regeneration High silica leakage

Cation Fouling

As the lead vessel, the cation

demineralizer (WAC or SAC) bears the

brunt of any particulates escaping

removal in the pre-treatment system of

the water plant.  Resin beads are close to

the size of anthracite in multi-media

filters and will perform the same

filtering action.  The first step is the

accumulation of particulates on the top

of the resin bed.  This immediately

increases the pressure drop through the

vessel, a precursor to channeling and

potential internal vessel damage, with

the latter usually taking the form of bent

distributors.

In the second stage of the fouling,

smaller sized particulates work their way

through the bed, often forming a coating

on the resin beads.  Left unaddressed,

the coating can build-up to the point of

impairing the kinetics of the process, i.e.,

the free movement of ions in and out of

the beads, the basis for ion exchange.

Removal of a layer of debris from the

top of the resin bed is directly done

during backwash.  Removing a coating

of silt from the interior of the bed is

more complicated.  It requires more time

than a regular backwash, since material

must be transported from the depths of

the bed out the top of the vessel; and it

could require the use of surfactant(s) and

agitation.  Sometimes this can be done in

situ.  We have developed a procedure for

cleaning the resins out of the vessel in

specialized, mobile equipment designed

specifically for resin cleaning.

Hardness Fouling

Since most demineralizer systems in

North America use sulfuric acid as a

regenerant, there is always the potential

for hardness sulfate precipitation.  Most



3

users address this problem by stepping

the acid injection and limiting the

concentration of acid in the first step.

Each equipment company has their own

rules for setting up the acid steps and the

vast majority does a good job.

Problems arise when the current inlet

water chemistry departs from that of the

design water used by the equipment

company.  A large increase in hardness

can engender CaSO4 production, even

with a modest acid concentration in the

first step.  Alternately, the design

concentration in the first step could still

be correct, but the actual concentration

from the dilution skid could have

“drifted” upward over time.

There is actually no safe first step acid

concentration for Ba; any regenerating

concentration will form a precipitate,

due to the extreme insolubility of

BaSO4.  Here we disagree with Sallie

Fisher (1), who claimed Ba formed

unregenerable crosslinks in the outer

layers of the beads, ultimately impairing

kinetics.  The existence of many HCl-

regenerated systems with Ba in the inlet

and no cation fouling argues against this

mechanism; most of such systems are in

Europe.

Hardness Acid Tailing

Until recently there was no adequate

understanding or explanation of the

effect of hardness fouling on the

performance of cation resin.  Many end

users were unaware of the fouling, even

with heavy build-up, since cation

regeneration chemistry is rarely

monitored.  As we now understand the

process, even those systems in which

cation operation is monitored, perhaps

with sophisticated on-line Na analyzers,

would notice little difference between a

clean bed and a badly fouled bed.  The

impact in on the anion!

The hardness fouling manifests itself as

a strong acid tailing effect during the

cation final rinse.  Figure 1 below shows

this effect in a Texas refinery.

Figure 1

Acid Tailing

This study was based on conductivity;

the same effect would be seen with FMA

(Free Mineral Acidity), but not with Na.

The tailing on the above unit extended

into the next day.  That is, it took more

than 24 hours for the outlet conductivity

of the regenerated bed to reach that of

the other on-line cations.

Where does the extra acid go?  Directly

to the anions.  This particular system had

enormous weak base capacity and was

capable of absorbing the day-long

“excess acid wedge” with no adverse

impact on service capacity.  Systems

with conventional strong base anions

show short runs on silica, due to the

premature exhaustion of the bed from

the extra cation FMA.  Thus, a cation

hardness fouling manifests itself as an

anion problem.  After cleaning, the acid

rinsed out smartly, reaching on-line

values within 20 minutes.

Conventional wisdom, in the form of the

opinion of the late Sallie Fisher, held

that Ba fouling cannot be removed from

resins. (1)  Before- and after-cleaning

samples analyzed in her lab showed

otherwise (and were the source of lively

discussions).  The removal of Ba

requires a multi-step process, first going
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after the CaSO4 which invariably

accompanies Ba fouling, and then using

a metal-selective agent for the removal

of the Ba.  Results from cleaning the

Figure 1 system are shown in Table 2.

Table 2

Removal of Hardness Fouling

Parameter Before Cleaning After Cleaning Removal, %

SAC #2

Calcium, as grams/ft
3

650 <15 98%

Barium, as grams/ft
3

175 <1.5 99%

SAC #3

Calcium, as grams/ft
3

750 <21 97%

Barium, as grams/ft
3

195 <2.0 99%

The same procedure has been used for

the removal of Al and Fe fouling.  The

results are variable:  often the removal is

good, but on occasion not so good, with

no clear explanatory factor from the

resin analysis or system chemistry.

Clearly most Al fouling occurs in

systems with clarifiers using alum as a

primary coagulant.  There is a specific

procedure for higher levels of Fe

fouling, based on the use of HCl, but the

key to its effectiveness is in several pre-

cleaning steps.

Polymer Fouling

Polymer fouling of cation resins,

typically from overfeed to an upstream

clarifier, is extremely difficult to

remove, although each should be

considered on a case by case basis, since

there are many different types of

polymers available.  Even our current

cleaning procedures are often

insufficient and replacement of the resin

may be the best economic option.



5

Resin Separation

Before proceeding to anion fouling, we

should mention the successful handling

of a very vexing problem which can

arise in a water plant:  the presence of

cation resin in an anion bed.  This can

occur with a failure of the cation

underdrains in systems without a resin

trap between the vessels.  The cation will

backwash to the bottom of the anion bed

during the next regeneration, and then

pick up Na from the caustic regenerant.

The cation will bleed out the Na during

the rinse, rendering the anion bed

impossible to rinse in.  We have a multi-

step procedure to separate the two resins,

which will guarantee the removal of all

cation resin from the anion bed and often

results in virtually pure cation resin for

reuse.

Anion Foulants

Over the years, some 85% of the activity

of the mobile cleaning operation has

been the removal of natural organics

from anion resins.  In the Gulf Coast and

SE areas of the US, conditions are right

for the production of these foulants,

namely:

• Abundant surface supplies

• Heavy forestation

• Periodic heavy rainfall

• Very warm weather

There are many technical references on

the chemistry of natural organics (2, 3),

which can be summarized as follows:

• Large classes of compounds

• Moderate to high molecular

weight

• High percentage of aromatic

COOH groups, as well as

polyphenolics

• Embedded inorganic ions, mostly

Fe

The organics have an overall negative

charge, of course, due to the carboxylic

groups, and react only with anion

exchange resins (5).  Due to their size,

however, they are not released from the

resin matrix during regeneration, except

for a very small fraction.

The graph below (Figure 2)  shows some

Total Organic Carbon (TOC) values

from an anion regeneration.  The highest

TOC samples, in the early stages of the

caustic injection, were pale yellow in

color, whereas the rest of the samples

were almost water white.  The resin in

the vessel was opaque black.

It is seen that the overall removal of

TOC represented by the sum of the

above samples was only a small fraction

of the total TOC loading on the resin

calculated by either of the following

methods:

• Inlet TOC x total gallons per run:

0.5% removal/regeneration

• Laboratory analysis of TOC on

the resin sample:   0.01%

removal/regeneration

Thus the build-up of organic fouling on

the anion resin.  There are two direct

consequences to organic fouling:

• Reduced service throughput due

to blocked sites within the resins

• Prolonged rinsedown during the

anion final rinse (4)
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Both these effects conspire to reduce the

service length, resulting in a short run.

This directly increases the number of

regenerations required for a given DI

production level, which, in turn, directly

increases the cost of operating the water

plant, notably the consumption of acid

and caustic.

Cleaning Anion Resin

The standard cleaning option for

organics on anion resins is a “brine

squeeze.”  While we do not know the

origin of this picturesque term, it is

widely used in the industry.  The basic

recipe has not changed much over the

years:

• 10% NaCl, with or without a low

percentage of NaOH, 120
o
F

[49
o
C].

When the resin is forced into the

chloride cycle by this treatment, there is

a small degree of shrinkage, at least

when compared against the fully

regenerated state.  Our personal opinion

as to its effectiveness relates to the effect

on the organics:  in the presence of a

high Na counterion, the size of the

organics should be reduced by an

insulation effect on the molecules’

abundant COOH groups.  The smaller

size allows diffusional escape from the

resin beads, aided by the higher

temperature of the bath.
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We have seen a tremendous variation in

the implementation of the basic recipe

over the years.  Some plants do a one

hour soak, others have a more elaborate

fill/soak/refill/resoak.  One plant uses a

12-hour program.  Almost no one tests

the resins to asses the effectiveness of

their particular protocol.  We have done

these tests (see below).

Our crew, while at Betz Labs, developed

the basic protocol, which we have

further significantly modified, finally

devolving on a three-hour procedure.  In

honing the conventional brine/caustic

procedure, our crew has discovered

subtleties of the resin-cleaning solution

contacting which impact on the

effectiveness of the cleaning.  There are

also pre- and post-cleaning steps which

need to be done to ensure an effective

cleaning.  Many in-house recipes do not

incorporate these modifications, and

analyses we have conducted have borne

out the lower removal rates.  Typical

results for the in-house and professional

procedure are shown in the table below.

Table 3

Conventional Brine/Caustic Cleaning

Procedure Specific Examples Typical Removal Range

Do-it-yourself or in-house

plant brine squeezes

21%, 35%, 38%, 40%, 52% 20 – 50%

RTI 3-hour brine procedure 47%, 65%, 71%, 90%, 75% 50 – 80%

New Procedure for Organics

We wish to announce a new organic

cleaning protocol which eclipses any

previous attempt, including our own

modified brine/caustic.  The procedure

has been named ReStore + and an

application for a patent on the chemicals

and procedures has been submitted.  The

table below shows the effectiveness of

the cleaning options:

Table 4

New Anion Cleaning Procedure

Procedure Specific Examples Typical Removal Range

ReStore + (lab) 95%, 98%, 98% 95%+

ReStore + (field) 92%, 94% 90%+
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A photograph of field samples with the

new protocol is shown below:

Figure 3

New Anion Cleaning Procedure

Although more impressive in color, there

is a clear difference between the before

sample on the left and the after-cleaning

sample on the right.  More importantly,

as determined by analysis, the reduction

in TOC by this new cleaning was 94%.

Most importantly, the performance of

the system improved:  throughput

virtually doubled from 500,000 gallons

to over a million.  The clear bottom-line

impact here is a reduction in acid and

caustic consumption by half.  The

duration of the fast rinse at the end of the

regeneration also dropped significantly,

restoring the regeneration time to values

not seen since the initial bedding of the

resin.

The procedure has been tried on a broad

spectrum of anion resin types:  styrenic

strong base anions (SBA) Type I, acrylic

SBAs Type I, as well as the intermediate

or hybrid reins, such as Rohm and Haas

Amberlite IRA-478.  Removal was

consistently above 85%.  There was

some scatter in the data, but no

consistent correlation of removal with

resin type.  Work continues on weak

base and Type 2 strong base resins.

The development of the new procedure

for organics also offers the prospect of

improving our removal effectiveness for

Fe.  Fe fouling very often accompanies

organic fouling, and removal has

traditionally been with HCl.

As part of the new anion process, we

include a step that we expect will make

iron removal even more effective
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Economics

The typical cost for on-site cleaning is

about one-third the cost of new resin.

We insist on a pre-cleaning analysis, so

we can assess the “health” of the resin

and its likely response to cleaning.

Typical questions include:

• What is the moisture holding

content of the cation resin?  This

identifies potential years of life

left in the material by way of the

integrity of the matrix

crosslinking.

• What are the total and salt

splitting capacities of the strong

base anion?  Where a strong base

resin is on the capacity decay

model can predict years of life

left.  There have been instances

where we declined to clean and

advised the customer to replace

the resin.

• What are the foulant levels?  We

do not clean “lightly fouled”

resin.  We will schedule it for a

six to twelve month follow-up.

By removing the fouling, available

capacity for water treatment is freed up.

The economic impact of resin cleaning

in the water plant is direct:

Table 5

Resin Cleaning Economic Model

Economic Benefits of Resin Cleaning

• Increased throughput

• Reduced rinse down time

 Direct reduction in number of 

regenerations, which results in:

  Direct reduction in acid and 

caustic consumption, and:

  Direct reduction in regeneration 

water (DI) and waste disposal

• Longer resin life   Lower replacement costs

Several studies by the water treatment

specialists servicing plants with systems

we have cleaned have identified payback

periods ranging from 1 to 3 months.

There are other benefits, harder to

quantify, such as improved water quality

(from reduced Na pickup across the

anions).  There is also a decrease in the

overall risk level in the operation, a

welcome element in this era of severely

limited maintenance budgets.
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Conclusion

On-site resin cleaning is a powerful,

direct, and cost-effective way to improve

the operation of a demineralizer system

and lower operating costs.  Common

foulants include Ca/Ba and

microbiological slime on cation resins

on well systems, and natural organics

and Fe fouling on anion resins on

surface supplies.  The level of organics

and Fe is particularly severe in the

warmer, forested areas of North

America, and there is a new professional

procedure available which eclipses all

older brine/caustic protocols for

handling these organics.
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