Oxidizers, Age and Softening Resins

Summary: Softener resins are reactive plas-
tics. Oxidizers such as chlorine cause them
to unzip and lose efficiency with age, as
discussed below.

perceive anionexchange soften-

ing resin as a “reactive plastic.”
Most of usthink of plasticasaninert
substance that’s unaffected by cor-
rosion (oxidation) or fatigue
(embrittlement). However, ion ex-
change resins do oxidize and they
do break down with time and use.
This article takes a look at what
happens physically and chemically
as resins age.

I t may be somewhat difficult to

By C.F.“Chubb” Michaud, CWS-VI

merize into solids. These tiny solid
beads, called copolymer beads, arecrys-
tal clear. To convertthese copolymers
to functional resins, the beads are re-
acted with astrong sulfuric acid solu-
tionthatcombineswith the copolymer
by attaching to the benzenering of the
styrene. Hence, the name sulfonated
styrene/di-vinylbenzene—S/DVB for
short. We now haveacationexchanger.

Inthe reaction process, these plas-
ticsacquiretheir familiar color (amber
to brown to black). The color is inci-
dental and has no effect or relation-
shiptothe quality, operating capacity
ordurability oftheresulting resin. The
sulfonated product swells greatly in

Figure 1. The inside look of cation resin
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Just as it was 50 years ago, ion
exchange resin is the reactive heart of
today’s softener. The resins are plas-
tic—consisting of polystyrene (S or
vinyl benzene) held together with di-
vinylbenzene (DVB)asthecrosslinker.
Resins get their spherical shape from
their particular manufacturing pro-
cess. Tiny droplets of monomer (the
non-crosslinked liquid mono-styrene
and DVB) suspended in water form
spheres just like oil in water. Cata-
lyzed and heated, these droplets poly-
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[shown pariially neutralized with NaOH)

water butdoesn’tdissolve (because of
the crosslinking). This high water con-
tentallowsionssuchascalcium, mag-
nesiumand sodiumtomove inside the
resin bead and “hook up” with mil-
lions of reactive sulfonated sites. Soft-
ening resins are highly porous on a
molecular scale with wide-open struc-
tures and water-filled pores.

The role of crosslinking
Crosslinking plays an important
role in the operation of a softening

resin. The crosslinker level for soften-
ing resins may range from 6-to-10 per-
cent DVB, with typical levels of 8 per-
cent. Ascrosslinking goes up, the poly-
mersare morerestrictedand don’tswell
as much. The resins are physically
tougher and more compact. Athigher
crosslinking levels, there’s less water
inthe bead and, therefore, more capac-
ity perunitvolume. Highercrosslinked
resins have a high functional density
and, subsequently, display higher se-
lectivity for hardness compared to so-
dium. They also have a higher resis-
tance to thermal deformation and can
be used at higher temperatures. Many
applications will exceed the 212°F
(100°C) boiling point of water.

Crosslinking is a good thing but,
like many things in life, too much is
bad. The higher crosslinked resins have
less moisture or water holding. There-
fore, the pathways in and out of the
beads are a little more congested. The
kinetics are slower and regeneration
more difficult, particularly in colder
water (in a residential softener, they
may be too slow to handle typical
household flow rates). These resins
will exhibit lower operating capacity
as a result. The higher selectivity for
hardness during service may be lost
duetomoredifficultregeneration, re-
quiring higher salt dosages and offer-
ing lower brine efficiency. All of the
pluses of higher crosslinking may be
givenupasnegativesto highflowrate
softeners.

On the other hand, lower
crosslinking levels produce resinswith
higher moistureand amore openstruc-
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lower in cost. In many applications,
they workwell. Onthe downside, low
crosslinked resins exhibit lower ca-
pacitiesand cannotphysically handle
excessive flow rates—10-to-15gallons
per minute per cubic foot (gpm/ft3)—
verywell. They undergo greater defor-
mation and higher pressure drops in
hotor evenwarmwater. Thiscan lead
to very high bead breakage and resin
loss. In addition, they have marginal
resistance to chlorine and other oxi-
dants, even when new.

The 8-percent crosslinked resin
has provenoverthe yearsto be close to
optimum for residential applications.
It represents the best combination of
durability and kinetics and generally
presentsthe bestvalue forthe majority
of softening applications. Higher or
lower crosslinked products should
only be considered for applications
that are out of the norm such as ex-
tremesoftemperature or oxidantlevel
or where selective removal of ionic
species where they’ve demonstrated
better performance.

Oxidizer sources

Inrecentyears, more attention has
been devoted to the disinfection meth-
ods used by municipalities. Chlorine
remains the workhorse, but its reac-
tion with natural organics and their
by-products can produce chlorinated
compounds called trihalomethanes
(THMSs). These are considered toxic.
Stabilizing the chlorine with the addi-
tion of ammonia (NH,) produces
chloramines that are less reactive but
have to generally be used at two to
three times normal chlorine levels.?
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Figure 2. Highly crosslinked cation

B
SO N3 QSD:)N& ©SO No'

tionoftheresin.
The general
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rule of thumb is the number 10 di-
vided by the chlorine level (in ppm)
predicts the resin life in years. Ex-
ample: 1.5ppmofchlorine (10/1.5) =
6.7 years. With the advent of higher
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ing after the point of entry. Inspect
bathroom plumbing (including the
toilet tank) and look for brown, or-
ange or greenish
staining. If it’s
present, have a
sampleofthewa-
terchecked from
a water source
outsidethehome.
It'sthefeedsource
content that the
softener will see.
Consider a chlo-
rinereductionfil-
tersuchasgranu-
lar activated carbon (GAC) or KDF if
you have morethan 0.5 ppmofironor
copper combined with more than 1
ppm ofchlorine.

Finemesh GAC canbe layeredon
top of the softener resin on new in-
stalls, but there may not be enough
freeboard in the softener tanks on ret-
rofits. Ifyoudecidetoadd GAC, make
sure you add enough to last several
years—at least 0.5 cubic feet (ft°) of
20x50 mesh. KDF can beretrofitted by
placing it in a whole house cartridge
ahead ofthe softener or inside the soft-
ener tanks with special cartridges de-

Figure 4. Predicting remaining
life from moisture

up the resin producing fines. These
fines are backwashed out of the bed
with each regeneration and a loss of
capacity results.
Remainingresin
may occupy the
same bed vol-
ume because of
swelling. There-
fore, the attrition
may not be
readily appar-
ent. With the de-
crease in capac-
ity, salt effi-
ciency drops
and operating costs increase.

In round numbers, new 8 percent
DVB resinstartsoutataround 49 per-
cent moisture. It has a capacity of 1.9-
to-2.0 milliequivalents per milliliter
(meg/ml), which translates to some
41-to-43kilograins per cubic foot (kgr/
ft®). If we use 8 pounds of salt per cubic
foot (Ibs/ft%) to regenerate this resin,
we can expect a capacity of about 24-
to-25kgr/ft®. Tenyearsdownthe road
and after seeing a few million gallons
ofchlorinated water, the moisture con-
tent can rise to 60 percent or more.
Moisture holding is so closely tied to

Table 1. Effects of oxidation on softening resins

Lab Total Capacity Volumetric

Age % Dry Wet Capacity | Density Swelling (%)

(yrs.) | Moisture | meq/gm | meq/ml Loss (%) gms/ml | Oxidation | Ca—Na
0 48.7 4.55 1.94 — 0.837 — 1.8
1 49.0 4.55 1.94 — 0.832 0.80 2.3
3 50.5 4.50 1.85 4.64 0.824 5.6 6.3
9 571 4.45 1.54 21.1 0.806 16.0 8.6
11 61.1 4.48 1.38 29.4 0.793 32.0 10.5
13 66.9 4.56 1.13 41.8 0.749 33.2 12.7

signed for that purpose. Don’t add
KDF directly to the softener. It will
drop to the bottom of the tank and
won’t protectthe resin.

The aging process

Asresinsage (oxidize), they begin
toshowanincreased moisture content
(swelling) due to the oxidative attack
on the crosslinker and they become
weaker.® The physical and osmotic
stress of regeneration begins to break
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crosslink level and capacity thatsome
manufacturers test the “residual” life

of resin simply by doing a moisture
check. Figure4showstherelationship
between moisture holding, apparent
crosslink level and remaining life ex-
pectancy.*

In our 10-year-old example, the
capacity hasnowdroppedto 1.4 meq/
ml (29 kgr/ft®), a 30 percent loss (see
Table1).°Regenerationis more frequent
now and, thus, the salt usage has in-
creased. Ifthissystem regenerated once
per day when new, the added salt
consumption would be 876 pounds
per year (assuming 8 Ibs/ft%). At 10
cents per pound fromthe local market,
the consumer is spending an addi-
tional $87.60/yr for soft water! Even if
regeneration was every other day the
cost has gone up by $43.80/yr. The
general consensusamong resin manu-
facturersis that once a resin has gone
beyond the 60 percent moisture level,
therapid degradationand added high
salt expense are enough to justify re-
placement.

The article’s beginning mentions
higher crosslinked resin has higher
selectivity. Olderresin has lostsome of
itscrosslinking potential due to oxida-
tion. Does that also mean it has lower
selectivity? The answer is yes! In our
10-year-old example, the older resin
actually exhibits 38 percenthigher leak-
agethannewresin (see Table2). Regen-
eration levels for this were at 5 Ibs
NaCl/ft3.

Older resin has to work harder

The annual operational cost of
resin (higher salt usage) goes up with
timewhiletheresinisseemingly doing
less work (higher leakage). The stress
placed ontheresinalsoincreases. New
resin swells about 1.8 percent in con-
verting from the calcium (exhausted)

Table 2. Effects of oxidation on softening resin performance

Lab | Operating Cap Volumetric
Age (kgr/cu. ft.) Average Leakage | Strength Strength | (psi/ft. bed depth)
(yrs) End | Break | ppm as CaC03 | (gms/bead) | Loss(%) | 10 gpm | 20 gpm
0 194 | 15.2 13.5 283 — 1.0 2.3
1 19.0 | 14.6 15.8 284 — 1.0 2.3
3 18.6 | 14.7 1515 188 33.8 1.0 2.4
9 16.8 | 13.9 18.6 146 48.6 1.1 2
11 16.4 | 13.6 18.4 121 57.4 1.6 4.5
13 15.6 | 12.2 17.3 68 76.1 1.7 4.8
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tothesodium form (regenerated). Our
aged resin swells about 10 percent.
This causes more structural fatigue
and more fracturing. Density has
dropped from 0.837 grams per millili-
ter (gm/ml) to 0.793 gm/ml, so the
same backwash flow carriesaway more
resin and larger fines. The new resin
could withstand almost 300 grams of
force before being crushed. Our vet-
eranbreaksdownat 130 grams. At 10-
to-20gpm/ft?flows typical of residen-
tial systems, the older resin exhibits
twice the pressure drop of new resin
(seeTable2).’

Conclusions

If our 10-year-old resin were an
employeeatyourcompany, youwould
complain that as he/she had gotten
older,they became less productive, less
proficient, lesstolerant, more demand-
ing, more resistant to change and de-
manded a higher salary. If this were
your employee, what would you do?
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Although softening resin never
dies, there’sapointevery 10to 15years
on a typical residential application
withlessthan 1 ppm of chlorine that it
should be replaced. For commercial
installations with frequent regenera-
tions, 8-to-10-year lives produce 80
percentof original performance with
a slight increase in costs. Industrial
systems are usually designed with
more conservative flowratesand lower
leakage expectations. Use industrial
grade resins (higher crosslinked) for
industrial applications. The costis a
little higher up front, but an 8-to-10
year useful life is achievable while
maintaining good leakage and
strength characteristics. The bestad-
viceisto matchyourresin needstothe
application.
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