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Fundamentals of Ion Exchange

Ion exchange is the reversible
interchange of ions between a solid
(ion exchange material) and a liquid
in which there is no permanent
change in the structure of the solid.
Ion exchange is used in water
treatment and also provides a method
of separation in many non-water
processes. It has special utility in
chemical synthesis, medical research,
food processing, mining, agriculture
and a variety of other areas.

The utility of ion exchange rests with
the ability to use and reuse the ion
exchange material. For example, in
water softening:

2,Na' + Ca2+ $ R2Ca2+ + 2Na'

The exchanger R in the sodium ion
form is able to exchange for calcium
and thus, to remove calcium from
hard water and replace it with an
equivalent quantity of sodium.
Subsequently, the calcium loaded
resin may be treated with a sodium
chloride solution, regenerating it back
to the sodium form, so that it is ready
for another cycle of operation. The
regeneration reaction is reversible;
the ion exchanger is not permanently
changed. Millions of liters of water
may be softened per cubic meter of
resin during an operating period of
many years.

Ion exchange occurs in a variety of
substances and it has been used on
an industrial basis since circa 1910
with the introduction of water
softening using natural and later,
synthetic zeolites. Sulfonated coal,
developed for industrial water
treatment, was the first ion exchange
material that was stable at low pH.
The introduction of synthetic organic
ion exchange resins in 1935 resulted
from the synthesistl of phenolic
condensation products containing
either sulfonic or amine groups which
could be used for the reversible
exchange of cations or anions.

A variety of functional groups have
been added to the condensation or
addition polymers used as the
backbone structures. Porosity and
particle size have been controlled by

Figure 1. Cation Exchange Resin Schematic Showing Negatively
Charged Matrix and Exchangeable Positive Ions

H-%OS

conditions of polymerization and
uniform particle size manufacturing
technology. Physical and chemical
stability have been modified and
improved. As a result of these
advances, the inorganic exchangers
(mineral, greensand and zeolites)
have been almost completely
displaced by the resinous types
except for some analytical and
specialized applications. Synthetic
zeolites are still used as molecular
sieves.

Physical Properties of Resins

Conventional ion exchange resins
consists of a cross-linked polymer
matrix with a relatively uniform
distribution of ion-active sites
throughout the structure. A cation
exchange resin with a negatively
charged matrix and exchangeable
positive ions (cations) is shown in
Figure 1. Ion exchange materials are
sold as spheres or sometimes
granules with a specific size and
uniformity to meet the needs of a
particular application. The majority
are prepared in spherical (bead) form,

either as conventional resin with a
polydispersed particle size distribution
from about 0.3 mm to 1.2 mm (50-16
mesh) or as uniform particle sized
(UPS) resin with all beads in a narrow
particle size range. In the water-
swollen state, ion exchange resins
typically show a specific gravity of
1.1-1.5. The bulk density as installed
in a column includes a normal 35-40
percent voids volume for a spherical
product. Bulk densities in the range of
560-960 g/I (35-60 lb/ft3) are typical
for wet resinous products.

Chemical Properties of Resins

Capacity. Ion exchange capacity may
be expressed in a number of ways.
Total capacity, i.e., the total number
of sites available for exchange, is
normally determined after converting
the resin by chemical regeneration
techniques to a given ionic form. The
ion is then chemically removed from a
measured quantity of the resin and
quantitatively determined in solution
by conventional analytical methods.
Total capacity is expressed on a dry
weight, wet weight or wet volume



Figure 2. Total Capacity vs. Cross-Linkage (Percent DVB) Polystyrene
Sulfonic Acid Resin, H* Form
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basis. The water uptake of a resin
and therefore its wet weight and wet
volume capacities are dependent an
the nature of the polymer backbone
as well as an the environment in
which the sample is placed.
Variations of dry weight and wet
volume capacities with cross-linkage
are shown in Figure 2 for a sulfonic
resin.

Operating capacity is a measure of
the useful performance obtained with
the ion exchange material when it is
operating in a column under a
prescribed set of conditions. It is
dependent on a number of factors
including the inherent (total) capacity
of the resin, the level of regeneration,
the composition of solution treated,
the flow rates through the column,
temperature, particle size and
distribution. An example is shown in
Figure 3 for the case of water
softening with a standard sulfonic
resin at several regenerant levels.

Swelling. Water swelling of an ion
exchanger is primarily a hydration of
the fixed ionic groups and increases
with an increase in capacity to the
limits imposed by the polymer
network. Resin volumes change with
conversion to ionic forms of differing
degrees of hydration; thus, for a
cation exchanger, there is a volume
change with the monovalent ion
species, Li' > Na' > K* > Cs' > Ag'.
With polyvalent ions, hydration is
reduced by the cross-linking action;
therefore, Na' > Ca2* > All. In more
concentrated solutions, less water is
taken up owing to greater osmotic
pressure.

Selectivity. Ion exchange reactions
are reversible. By contacting a resin
with an excess of electrolyte (B' in
the following reaction), the resin can
be converted entirely to the desired
salt form:

RN + B+ !R-B÷ + A+

However, with a limited quantity of B÷
in batch contact, a reproducible
equilibrium is established which is
dependent an the proportions of A+
and B+ and on the selectivity of the

Figure 3. Operating Capacity vs. Regenerant Level for Sodium-Cycle
Operation, Sulfonic Acid Resin
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resin. The selectivity coefficient, KR,
for this reaction is given by:
KAB=___E mB.A

mA mB

where m and M refer to ionic
concentrations in solution and resin
phase, respectively. Resin selectivity
coefficients have been determined for
a range of ionic species and related
to H' for cations and OH- for anions,
which are assigned selectivity values
of 1.00.

Kinetics. The speed with which ion
exchange takes place. The ion
exchange process involves diffusion
through the film of solution that is in
close contact with the resins and
diffusion within the resin particle. Film
diffusion is rate-controlling at low
concentrations and particle diffusion
is rate-controlling at high
concentrations. Whether film diffusion
or particle diffusion is the rate-
controlling mechanism, the particle
size of the resin also is a determining
factor. Uniform particle sized resins
exhibit enhanced kinetic performance
compared to conventional
polydispersed resins due to the
absence of kinetically slow larger
beads.

Stability. Strong oxidizing agents,
such as nitric or chromic acid, rapidly
degrade ion exchange resins. Slower
degradation with oxygen and chlorine
may be induced catalytically. For this
reason, certain metal ions, for
example, iron, manganese and
copper, should be minimized in an
oxidizing solution. With cation
exchangers, attack is principally an
the polymer backbone. Highly cross-

linked cation resins have an extended
useful life because of the great
number of sites that must be attacked
before swelling reduces the useful
volume based capacity and produces
unacceptable physical properties, for
example, crush strength reduction
and pressure drop increase. With
anion exchangers, attack first occurs
on the more susceptible functional
groups, leading to loss of total
capacity and/or conversion of strong
base to weak base capacity.

The limits of thermal stability are
imposed by the strength of the
carbon-nitrogen bond in the case of
anion resins. This strength is
sensitive to pH and low pH enhances
stability. A temperature limitation of
60°C (140'F) is recommended for
hydroxide cycle operations. Cation
resin stability also is dependent on
pH; the stability to hydrolysis of the
carbon-sulfur bond diminishes with a
lowering of pH. They are much more
stable than anions however and can
be operated up to 150'C (300'F).

Resin Structure and Manufacture

The manufacture of ion exchange
resins involves the preparation of a
cross-linked bead copolymer followed
by sulfonation in the case of strong
acid cation resins, or
chloromethylation and the amination
of the copolymer for anion resins.

Cation Exchange Resins. Weak
acid cation exchange resins are
based primarily an acrylic or
methacrylic acid that has been cross-
linked with a di-functional monomer

(usually divinylbenzene [DVB]). The
manufacturing process may start with
the ester of the acid in suspension
polymerization followed by hydrolysis
of the resulting product to produce the
functional acid group.

Weak acid resins have a high affinity
for the hydrogen ion and are therefore
easily regenerated with strong acids.
The acid-regenerated resin exhibits a
high capacity for the alkaline earth
metals associated with alkalinity and
a more limited capacity for the alkali
metals with alkalinity. No significant
salt splitting occurs with neutral salts.
However, when the resin is not
protonated (e.g., if it has been
neutralized with sodium hydroxide),
softening can be performed, even in
the presence of a high salt
background.

Strong acid resins are sulfonated
copolymers of styrene and DVB.
These materials are characterized by
their ability to exchange cations or
split neutral salts and are useful
across the entire pH range.

Anion Exchange Resins. Weak
base resins do not contain
exchangeable ionic sites and function
as acid adsorbers. These resins are
capable of sorbing strong acids with a
high capacity and are readily
regenerated with caustic. They are
therefore particularly effective when
used in combination with a strong
base anion by providing an overall
high operating capacity and
regeneration efficiency.

Strong base anion resins are classed
as Type 1 and Type 2. Type 1 is a

CH3  CH 3  CH3

I polymerization I hydrolysis I
CH=CH2 + CH=CH2  " .. CCH2CHCH2  - CCH2CHCH 2 .

catalyst I OH-

COOR OO COo

methacrylate Na*

.... CHCH2 .......- CHCH 2 -. .



polymerization sulfonating acid
CH=CH2  CH=CH2  -.. CHCH 2CHCH 2  sl at . CHCH2 CHCH 2 ....o [+ catalyst Xswelling SO,

styrene CH=CH2  CHCH ...... CHCH2 .-.

divinylbenzene

.. CHCH2CHCH 2  .-- CHCH 2CHCH2 -... (1) + N(CH 3)3 .• . CHCH 2CHCH2catls0
+ CICH 2OCH 3 cty

CH 2CI + CH 3OH CH 2N'(CH 3)3CI-

(1)CHCH2 ...... CHCH .

(1)

quaternized amine product made by
the reaction of trimethylamine with the
copolymer after chloromethylation.
The Type 1 functional group is the
most strongly basic functional group
available and has the greatest affinity
for the weak acids such as silicic acid
and carbonic acid, that are commonly
present during a water
demineralization process. However,
the efficiency of regeneration of the
resin to the hydroxide form is
somewhat lower, particularly when
the resin is exhausted with
monovalent anions, such as chloride
and nitrate. The regeneration
efficiency of a Type 2 resin is
considerably greater than that of Type
1. Type 2 functionality is obtained by
the reaction of the styrene-DVB
copolymer with
dimethylethanolamine. This
quaternary amine has lower basicity
than that of the Type 1 resin, yet it is
high enough to remove the weak acid
anions for most applications. The
chemical stability of the Type 2 resins
is not as good as that of the Type 1
resins, the Type 1 resins being
favored for high temperature
applications.

Other Functional Groups. Ion
exchange resins with special
functional groups have been made for
specific applications. Of interest to the
hydrometallurgical industry are a
variety of resins having chelating
ability and which are particularly
applicable for the selective exchange
of various heavy metals from alkaline
earth and alkali metal solutions1 21.

Polymer Matrix. The structure and
porosity of an ion exchange resin are
determined principally by the
conditions of polymerization of the
backbone polymer. Porosity
determines the size of the species,
molecule or ion, that may enter a
specific structure and its rate of
diffusion and exchange. There also is
a strong interrelationship between the
equilibrium properties of swelling and
ionic selectivity.

For example, a conventional gel type,
styrenic ion exchanger is built on a
matrix prepared by co-polymerizing
styrene and DVB. In these systems,
porosity is inversely related to the
DVB cross-linking. Gel resins exhibit
microporosity with pore volumes
typically up to 10 or 15 Angstroms.

Macroporous (macroreticular) ion
exchange resins have pores of a
considerably larger size than those of
the gel type resins with pore
diameters up to several hundred
Angstroms. Their surface area may
reach 500 m2/g or higher.
Macroporous polymers are generally
highly cross-linked and therefore
exhibit little volume change (swelling).
Because of the high cross-linkage in
the matrix, the apparent oxidation
stability of macroporous resins is
improved. However, at similar cross-
linkages, macroporous resins have
greater exposure to potential oxidants
than gel resins due to their greater
porosity and surface area.

Poorer regeneration efficiencies,
lower capacities and higher
regeneration costs are the penalties
paid for the use of the macroporous
resins. Macroporous resins may be
used as catalysts, particularly in non-
polar media where gel resins do not
perform satisfactorily because of their
inaccessibility to the reactants.



Ion Exchange Regeneration
Technologies

Ion exchange regeneration
technology has developed over the
years from the early co-flow
regenerated systems to counter-flow
block systems and through to packed
bed technology, including the Dow
UPCORE* process. Counter-current
regeneration systems have reduced
chemical costs, improved water
quality and less waste volumes
compared to traditional co-flow
regenerated systems. They are also
more productive, utilizing smaller
vessels, faster regenerations and
fewer mechanical failures.

Co-Current Regeneration System.
This is the simplest system where a
resin is regenerated in the same
direction as the service flow
(downwards). The vessel has a large
freeboard to allow expansion of the
resin bed when backwashing is

carried out to remove suspended
solids and resin fines.

Counter-Current Regeneration
Systems. In these systems, the
regenerant is applied in the opposite
direction to the service flow. This has
the advantage of providing better
water quality (lower ionic leakage),
higher chemical efficiency and
reduced waste water. In order to
obtain low leakage levels from a
counter-flow regenerated resin
system, the contaminating ions must
be kept from the effluent end of the
column during re-generation and
rinse. This requires avoidance of
conditions that would disrupt the resin
bed configuration. Backwash
frequency also must be minimized.

The difference between ion leakage
for co-current and counter-current
regeneration is illustrated in Figure 4.
Re-exchange of the contaminating
Na* ion occurs from the base of the
co-flow regenerated bed when the

incoming salt solution (feed) is
converted to the corresponding dilute
acid. When this acid solution contacts
the sodium ion, re-exchange of
hydrogen ions for sodium ions occurs
and the sodium ions exit the column
as leakage (Figure 4a). Leakage in
counter-flow regeneration is
substantially reduced as the resin bed
is predominantly in the regenerated
form at the bottom of the vessel
Figure 4b).

There are two main types of counter-
current systems:

Blocked Systems. This includes air
hold down, water hold down and inert
mass blocked. The service flow is
downwards and regeneration upflow.
To avoid disturbance of the resin
polishing zone at the bottom of the
vessel, the resin bed is held down
(blocked) during regeneration by air
pressure, water flow or an inert mass
in the top part of the vessel. The
regenerant passes up through the

Figure 4. Ion Leakage: a. Co-flow and b. Counterflow Regenerated Fixed-Bed Column Contractors (H* Form
Cation Resin; Na* Removal)
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resin and out of a collector system in
the middle part of the vessel.

Packed Bed Systems. These may
be up-flow service with down-flow
regeneration or down-flow service
with up-flow regeneration, such as the
Dow UPCORE system.

Semi-Continuous and Continuous.
Semi-continuous and continuous
contactors operate as intermittently
moving packed beds as typified by
the Higgins contactor131 or as fluidized
staged (compartmented) columns
such as the Himsley contactorf 61.
Flow is counter-current and their use
is in increased resin utilization and
high chemical efficiency. Commercial
installations include those for
phosphoric pickle acid recovery,
water softening and ammonium
nitrate recovery.

Resin Applications

Water Softening. Water softening
accounts for the major tonnage of
resin sales. Hard waters, which
contain principally calcium and
magnesium ions, cause scale in
power plant boilers, water pipes and
domestic cooking utensils. Hard
waters also cause soap precipitation
which forms an undesirable gray curd
and a waste of soap. Water softening
involves the interchange of hardness
for sodium on the resin. Typically,
hard water is passed through a bed of
a sodium cation exchange resin and
is softened.

2RNa* + Ca 2
, 1 Rý2Ca2

+ + 2Na'

Regeneration of the exchanger
involves the passage of a fairly
concentrated (8-12 percent) solution
of sodium chloride through the resin.

a2 Ca21 + 2Na' ! 2RNa' + Ca 2
-

Dealkalization. Many industrial
processes require that hardness and
alkalinity be removed from a raw
water before the water is used in the
process. Two main processes
involving ion exchange are used for
dealkalizing:

1. Dissolved solids are removed to
the extent of the alkalinity in the
raw water by passing the raw
water through a bed of weak acid
cation resin in the hydrogen form.
The 100 percent utilization of
regenerant acid that is
characteristic of this process
decreases operating costs and
greatly minimizes the waste
disposal problem. A weak acid
cation resin creates no free
mineral acidity in the effluent when
regenerated at a level of not more
than 105-110 percent of the
theoretically required amounts for
the cations picked up.

2. Chloride anion dealkalizing
involves passing the raw water
through a Type 2 anion exchange
resin that is in the chloride form to
remove alkalinity.

Demineralization. Ion exchange
demineralization171 is a two step
process involving treatment with both
cation and anion exchange resins.
Water is passed first through a
column of strong acid cation
exchange resin that is in the
hydrogen form (RH÷) to exchange the
cation in solution for hydrogen ions:

RH' + C+ !RC+ + H'

where C' represents common
cations, for example, Ca 2

+, Mg2÷ and
Na+. This effluent is passed to a
column of anion exchange resin in the
hydroxide form R OH-) to replace
anions in solutions with hydroxide:

ROH- + A- !RA- + CH-

where A- represents common anions,
for example, CI-, S042- and NO-.
The hydrogen ions from the cation
resin neutralize the hydroxide ions
from the anion resin:

H' + OH- ! H20

The net effect is the removal of
electrolytes and a yield of purified
water.

Alternatively, the impure water may
be passed through an intimately
mixed bed of cation and anion

exchange resins where both types of
exchange occur simultaneously:

RH* + ROH- + C+A !RC÷ RAP + H 20

The choice of the ion exchange
system for demineralization depends
an the water quality desired,
operating and capital economics and
composition of the raw water.

Condensate Polishing. Single or
mixed bed ion exchange resins are
used in deep bed filter demineralizers
for reduction of particulate matter and
dissolved contaminants in utility
power plant condensates.

Ultra Pure Water. Ultra pure water
(UPW) is essential to the proper
fabrication of integrated circuit boards
in the semiconductor industry. As the
degree of integration becomes
increasingly more complex, the
semiconductor industry requires
higher levels of water purity. Single
beds, mixed beds and also reverse
osmosis are used in the production of
ultra pure water.

Nitrate Removal. Ion exchange is
used for the removal of nitrates from
nitrate polluted waters 8 ]. Strong base
anion exchange resins operating in
the chloride ion form (salt solution
regenerated) have been successfully
used for this service.

Waste Treatment. Radioactive.
Radiation waste systems in nuclear
power plants include ion exchange
systems for the removal of trace
quantities of radioactive nuclides from
water that will be released to the
environment. The primary resin
system used is the mixed bed.

Chemical Processing - Catalysis.
Since ion exchange resins are solid,
insoluble (but reactive) acids, bases,
or salts, they may replace alkalis,
acids and metal ion catalysts in
hydrolysis, inversion, esterification,
hydration or dehydration,
polymerization, hydroxylation and
epoxidation reactions. The
advantages of ion exchange resins as
catalysts include easy separation
from the products of reaction,



repeated reuse, reduction of side
reactions and lack of need for special
alloys or lining of equipment.

Purification. Purification by ion
exchange is used to remove
contaminating acids, alkalis, salts or
mixtures from non-ionized or slightly
ionized organic or in-organic
substances. Examples include formic
acid removal from 50 percent
formaldehyde solutions, removal of
amines from methanol, removal of
iron from steel pickling operations,
purification of aluminum bright dip
baths and removal of iron in the
purification of hydrochloric acidr9e.

Metal Extraction, Separation and
Concentration. In aqueous or solvent
mixtures containing large amounts of
contaminants and small amounts of a
desired solute, ion exchange resins
can be used to selectively isolate and
concentrate the desired solute, for
example, the recovery of uranium
from sulfuric acid leach solution with
strong base anion resins. Other
specific chelating resins can be used
for metals recovery such as copper,
nickel, cobalt and precious metals.

Desiccation. Ion exchange resins,
particularly strong acid cation
exchange resins in the dry state, are
useful as desiccants1 '01. Ion exchange
resins show their greatest capability
as desiccants in the drying of
hydrophobic solvents, for example,
hydrocarbons and chlorinated
hydrocarbons.

Sugar Separations and Purifications.
Ion exchange resins are used as an
integral part of com syrup, high-
fructose corn syrup (HFCS)
processing and other starch based
syrups. In sucrose processing, the
resins are often used for softening
feed streams, recovering sugar from
molasses streams, or decolorization.
They are also used in the production
of non-nutritive sweeteners such as
sorbitol or mannitol. Resins and
adsorbents are used in four major unit
processes in com sweetener
processing: deashing,
chromatographic separation of

glucose and fructose, mixed bed
polishing and color removal. In
deashing, a bed of strong acid cation
resin is typically followed by a bed of
weak base anion resin. The resins
used are macroporous, as their large
porous structure allows syrup
components to move freely into the
bead.

Chromatographic Separation.
Chromatographic separation is a
manufacturing process using ion
exchange resins to separate one
dissolved component from another. It
is applied in the sugar industry for the
purification of compounds such as
sucrose, glucose, fructose,
oligosaccharides, sorbitol and
mannitol. It can be used to separate
salt from glycerol and in purifying
amino acids and various organic
acids. Most industrial chromatography
today utilizes simulated moving bed
(SMB) technology to minimize solvent
use, leading to a significantly reduced
cost of operation when compared to
traditional batch chromatography.

Pharmaceuticals and
Fermentation. Ion exchange resins
are useful as carriers for medicinal
materials and in slow release
applications. In some cases, the ion
exchange resin has the medicinal
affect desired, for example,
Cholestyramine, a dried and ground
strong base anion resin used to bind
bile acids for reducing blood
cholesterol. Ion exchange resins also
are used in a variety of fermentation
and biotechnology processes, such
as the isolation and purification of
lysine, streptomycin and neomycin
and other similar antibiotics.
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An Introduction to Condensate Polishing

Condensate Polishing - A Preventative Approach
Condensate polishing is an important part of water treatment for any utility or industrial power generating system. This
includes power generating facilities using once-through steam generators (OTSG), critical and supercritical steam
generators, nuclear-fueled boiling water reactors (BWR) and pressurized water reactors (PWR).

Figure 1 is a block diagram of a typical steam-condensate loop. As shown in this diagram, steam from the boiler passes
through a series of turbines and expends most of its' energy. The low-pressure steam is then condensed in a heat
exchanger system where it is recovered in hotwells and routed to storage tanks. This condensed water or "condensate" is
then recycled to the boiler and converted back into steam. The continuous cycling or re-circulation of the steam and
condensate is commonly referred to as the steam-condensate loop or steam-condensate cycle. Recovering and recycling
the return condensate stream is an obvious way to significantly reduce the cost of operation.

Within this cycle, some water is lost due to leaks and boiler blowdown, so a continuous make-up water source is required to
maintain the total energy within the cycle. A local river, lake or well is used as the source for make-up water. In order to
maintain a feedwater stream with a low level of dissolved solids the raw water is demineralized using ion exchange (IX)
resins, reverse osmosis (RO) membranes or a combination thereof. In some cases, demineralization of the make-up water
is accomplished via evaporation. Regardless of the technology, the operation is commonly referred to as the "make-up water
demineralizer" system. In most cases, the make-up water is injected into the condenser hotwells or storage tanks.

The boiler make-up water is only one determinant of feedwater purity, the other being the condensate return stream. In fact,
condensate purity is of greatest concern in high-pressure utility units, where condensate represents the bulk of boiler
feedwater, making it the major potential source of contaminant introduction. To this end, purification or "polishing" of the
return condensate is an essential ingredient to guarantee a high quality feedwater stream to the downstream boiler.

The Role of Ion Exchange in Condensate Polishing
The role of ion exchange technology is fundamental to condensate polishing. And condensate polishing is a unique
application for ion exchange resins. Unlike treatment of make-up water, the condensate polishing system must deal
principally with impurities that arise inside the steam system itself, rather than those that figure in the raw water analysis.
These include a return condensate stream with a limitless inventory of impurities - solid, gel-like, and dissolved. These
impurities originate from a host of sources, such as vacuum-induced leaks, corrosion of metal surfaces and careless repair
work. Under normal conditions the raw condensate is considered high quality with respect to dissolved contaminants,
however, corrosion products are picked up as the steam and condensed water pass through piping, heat exchangers and
other associated equipment in the steam-condensate loop. A far more serious threat is the inleakage of dissolved
contaminants that occurs when cooling water in the condenser system leaks into the condensate stream. For these reasons,
condensate polishing is an operation that cannot be taken casually or ignored.

Figure 1. Typical Steam Turbine Loop
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Another aspect of condensate polishing is high flow rate design, because full-flow polishing of the large flows of condensate
may be necessary. In addition, water temperatures are often high and in some systems can approach the temperature limits
of the resins.

The original designs for condensate polisher systems incorporated two approaches: 1) the use of deep beds of bead type ion
exchange resins, and 2) the use of powdered ion exchange resin presented as a precoat on a filter element. A more recent
development is the combination of a non-precoat filter system followed by a deep-bed ion exchange resin system. In all
designs the purpose of the condensate polisher is twofold: removal of suspended solids by filtration and removal of dissolved
solids by ion exchange.

For deep-bed systems the removal of suspended corrosion products occurs by in-depth filtration. This means the
suspended particulates penetrate deep into the bed of the ion exchange beads instead of their accumulation on the top
surface of the bed. The filtration capacity of a deep bed is increased via this mechanism. High flow rates and proper bead
size are critical to obtain in-depth filtration. Part of the requirement of "condensate grade" resins include a specification on
bead size distribution to balance the pressure drop and filtration characteristics with those of the surface area available for
mass transfer and ion exchange kinetics.

Even under high flow rate conditions the dissolved ionic contaminants should be easily removed by deep-beds of ion
exchange resins. Normally the mixed bed consists of cation resin initially in the hydrogen form and anion resin in the
hydroxide form. In some cases, the cation resin is used in an amine form after an initial period in the hydrogen form. This
provides a means of extending the service cycle run length and reducing the costs associated with regeneration. More
discussion on this topic is provided in the section on "Operating Cycle Options".

Powdered resin precoat systems offer good filtration but are limited in their demineralization capacity since the resins volume
are restricted by the available precoat depth on the septum filter. No additional information is presented in this publication for
powdered resin systems.

The Purpose of This Guide
The primary emphasis in this publication is on the application of ion exchange resins to deep bed condensate polishing
operations. Included are operating cycle options and a section on the factors that affect resin performance. Also presented
are the various condensate polishing systems in use or under development and the types of steam generator systems most
likely to use them.

The Type of Condensate Polishing Operation Depends on the Operating Parameters

Boiler Pressure
Low Pressure. At steam pressures below 600 psig (41 bar), condensate polishing is normally not required. In these low
pressure systems, boiler feedwater is treated to prevent hard scale formation and corrosion in the boiler. Some type of
chemical addition, such as phosphate addition, is used. Boiler water salts are kept from the steam cycle by control of the
entrainment carryover and by boiler blowdown. Gross particulate filtration and decarbonation are also employed.

Medium Pressure. For boiler pressures of 600 to 2,400 psig (41 to 165 bar), control of silica, control of corrosion, and
removal of particulate matter are required. Control of silica is necessary to prevent silica from volatilizing with the steam and
depositing on the turbine blades. Makeup feedwater demineralization with an anion bed can control silica levels in the water
if it cannot be controlled economically with boiler blowdown.

Depending on the feedwater composition and concentration, chemicals may be added to the boiler water to control
corrosion. Phosphates are typically used, but all volatile treatment (AVT) may also be used. AVT uses ammonia or other
volatile amines to adjust water pH and control corrosion. Condensate "scavenging" is often used to remove corrosion
products from condensate returning from the turbine. Condensate scavenging uses a cation resin deep bed operated in the
sodium or amine form to filter the particulate matter. This method also removes hardness ions.

While many systems in the 600 to 2,400 psig (41 to 165 bar) pressure range do not require condensate polishing, there are
exceptions. For example, nuclear-fueled boiling water reactors (BWR) have historically been "zero solids" systems, even
though the boilers used are typically in the range of 1,250 psi (86 bar). They have stringent feedwater quality requirements
and full-time condensate polishing requirements. Neither AVT nor phosphate chemistry is practical in BWR primary systems
since condensate circulating through the nuclear reactor has the potential for induced radioactivity.
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High Pressure. As pressure increases beyond 2,450 psi (169 bar), water chemistry becomes "zero solids chemistry".
Demineralization of make-up water becomes mandatory to satisfy the water quality requirements of the major contaminant ions,
such as sodium and silica. Chemical treatment of the boiler or steam generator system shifts from phosphate to AVT using
ammonia or amines such as morpholine or monoethanolamine to elevate pH and control corrosion in the high temperature and
wet-steam areas of the steam-condensate loop. The optimum pH range depends on the materials of construction; at least 9.3
for all-ferrous systems and 8.8-9.2 for systems containing copper. Full-flow condensate polishing is a critical operation for the
removal of soluble and insoluble corrosion products, and for the removal of contaminant ions as a result of condenser inleakage.

In North America, pressurized water reactor (PWR) plants using recirculating-type steam generators (RSG's) have focused
their secondary cycle water chemistry program on the minimization of insoluble corrosion product transport and sodium-to-
chloride molar ratio control in the tubesheet crevice areas of the steam generator. A shift-to the use of organic amines
(monoethanolamine in most cases) for pH control and procedural changes in the resin regeneration process have been
instrumental in achieving the desired improvements in secondary cycle water chemistry. In addition to AVT chemistry,
hydrazine is added to scavenge trace amounts of dissolved oxygen and maintain reducing conditions.

The Electric Power Research Institute (EPRI) continues to work closely with the utility industry to help define the water
quality requirements for PWR secondary cycles and BWR primary cycles. Table 1 provides a summary of the year 2000
revision by EPRI for the recommended guidelines of the major contaminant ions in PWR steam generator and BWR reactor
water systems. Recognize that the values shown in Table 1 represent the maximum allowable levels to satisfy Action Level
1 status. In actual practice, plant chemists are striving for less than 1 ppb concentration levels for all contaminant ions listed
in Table 1. An understanding of the design and operational limitations of the deep-bed condensate polishing system
becomes the most critical aspect of that effort.

Condensate Polishing Systems Currently Used or Proposed for Operation

Ion exchange resins can be used in a number of ways to treat condensate. Several of the most widely used approaches will
be presented in some detail and the main features and limitations of each will be described.

Cation Exchange - "Condensate Scavenging"
Used mainly with industrial low- and medium-pressure boilers, a deep bed of a strong acid cation exchange resin operated in
the sodium or amine form can act as a "condensate scavenger." This type unit is primarily for the removal of corrosion
products from the condensate. Insoluble particulate corrosion products are filtered in-depth on the resin bed and some
hardness ions are interchanged with the cation on the resin. The choice of cation resin ionic form depends on the chemistry
of the circulating water system.

Cation/Anion Mixed Bed
The most common ion exchange system used in condensate polishing is a mixed bed of strong acid cation exchange resin
and strong base anion exchange resin. Mixed beds produce very high quality demineralized water, because ion leakage
from either cation or anion resin is quickly removed from the water by the other resin. Deep-bed, in-depth filtration (see
Figure 2) is accomplished by maintaining the flow rate high enough to keep surface filter cakes from forming. Typically, the
flow velocity is about 50 gpm/ft2 (120 meters/hr.). Using a bed depth of approximately 3 feet (1 meter) allows pressure drop
across the bed to be maintained at economically acceptable levels. In most cases, a mixed bed condensate polishing system
consists of several vessels operating in parallel (see Figure 3). Used resins are transferred to a separate system for cleanup
and regeneration. In some cases, systems employ disposable mixed bed resins.

Table 1. EPRI Guidelines for Maximum Impurity Levels in Figure 2. Particulate Filtration in a Typical
PWR Steam Generator and BWR Reactor Water Systems Cation/Anion Mixed Bed
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Figure 3. Battery of Condensate Polishers
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External regeneration or regeneration of each resin outside of the condensate polishing vessel has proven to be the most
practical approach. Isolation of the regenerant chemicals from the recirculating water loop significantly reduces the
incidence of condensate contamination by regenerants. The amount of time that the polisher is offline is reduced, as well. In
external regeneration, the only interruption in polisher service is for transfer of the used resin to the regeneration system and
the introduction of newly regenerated resin to the condensate vessel. One regeneration system can service multiple
condensate polisher vessels. A typical external regeneration system is shown in Figure 4. This is the most widely used
system today in North America and requires these basic steps.

The used resins must be:
(1) transferred completely from the operating vessel to the regeneration system;
(2) cleaned to remove the particulate contaminants collected by filtration from the condensate;
(3) separated as completely as possible for the regeneration;
(4) regenerated independently with the appropriate chemical solution;
(5) rinsed thoroughly with demineralized water;
(6) remixed carefully;
(7) transferred to the next available condensate polisher while exercising care to minimize resin separation.

To accomplish these steps, many types of resin transfer and separation systems have been developed over the years.
Several systems and techniques will be discussed in a later section covering system design parameters.

A second approach, which eliminates resin separation, resin regeneration crossover, and regenerant quality problems, is the
use of a disposable mixed bed. This approach requires the manufacture and shipment of very clean, and highly regenerated
resins by the resin supplier. Disposable mixed bed systems are commonly used for condensate polishing in BWR's, where
disposal costs of radioactive waste regenerants would be prohibitive.

Figure 4. Typical External Regeneration System
CATION REGENERATION TANK ANION REGENERATION TANK RESIN STORAGE TANK
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Lead Cation Resin Followed by Mixed Bed of Strong Cation/Strong Anion Resins
When AVT is used to control pH and corrosion in a steam-condensate cycle the amine will carry overhead and transport with
the steam. Ultimately the amine-laden steam condenses thereby creating a condensate with amine levels ranging from 0.2
to 1 ppm depending on the plant chemistry program. When this condensate is processed through a condensate polisher the
amine involved is readily exchanged onto the cation resin. Eventually, the cation resin becomes sufficiently exhausted to the
amine form resulting in an amine breakthrough in the condensate polisher effluent stream. In most cases, the service cycle
run time is terminated at the amine break and the polisher bed is taken off-line for resin regeneration back to the active
(H/OH) form.

One suggested technique for increasing the run time on the mixed bed polisher is to treat the condensate with a hydrogen
form cation resin to remove the amine prior to contact with the mixed bed (see Figure 5). By taking this amine load off the
mixed bed, mixed bed run lengths can be extended to months. Corrosion products are also removed by the lead cation bed,
eliminating solids contamination of the mixed bed. Regeneration of the lead cation can be done on a more frequent basis
than the mixed bed, thereby reducing the difficulties of mixed bed regeneration.

Cation-Anion-Cation Stacked Bed (Tripol System)
This process uses a single tank with compartments to contain separate layers of cation, anion, and cation resins (see Figure
6). The resins are never mixed, with each resin going to its own external regeneration vessel. The lead cation resin is
typically not run past the ammonia break in AVT systems. Leakage from the lead cation is polished in the trailing cation
resin. Final water quality produced depends on the trailing cation resin regenerant rinse-down, and on the leachable
characteristics of both cation resins.'

Figure 5. Lead Cation Bed with Mixed Bed Condensate Polisher Figure 6. Cation-Anion Stacked Bed
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Operating Cycle Options

DOWEX Resin Selections for Condensate Polishing
Tables 2 and 3 provide a listing of the DOWEX cation and anion exchange resins that are commercially available for use in
condensate polishing. The best choice of resins will depend on the chemistry of the operating cycle and the design and
operating characteristics of the specific plant. In some situations, there may be more than one choice and an actual field trial
would be necessary to determine the best resin selection.

Table 2. Typical Bulk Properties (H' Form) for DOWEX Cation Exchange Resins

Resin Copolymer Total Exchange
Type Capacity (eq/liter)

Water Retention
Capacity (%)

Avg. Diameter
(microns)

Uniform Size Resins MONOSPHERE 575C 12% gel 2.15 41-46 550

MONOSPHERE 650C 10% gel 2.0 46-51 650

MONOSPHERE 750C 10% gel 1.9 46-51 750

GUARDIAN* CR-1 8% gel 1.7 51 -57 550

MONOSPHERE MP-525C 20% macro 1.6 50- 54 500

Gaussian Size Resins HGR-W2 10% gel 2.0 47-51 750 -850

HCR-W2 8% gel 1.8 48-54 750 -850

MSC-1 C 20% macro 1.6 50- 56 750 -850

Table 3. Typical Bulk Properties (OH- Form) for DOWEX Anion Exchange Resins

Resin Copolymer Total Exchange Water Retention Avg. Diameter

Type Capacity (eq/liter) Capacity (%) (microns)

Uniform Size Resins MONOSPHERE 550A gel 1.1 55-65 590

MONOSPHERE 700A gel 1.1 55-65 700

MONOSPHERE MP-725A macro 0.8 65- 75 690

Gaussian Size Resins SBR-C gel 1.1 50-60 700 -800

SBR-P-C gel 1.0 60 - 68 700 - 800

MSA-1-C macro 0.8 65-72 700-800

Table 4 gives examples of the different ratios of cation and anion resin used in condensate polishing applications. In some
cases the ratio is based on volume, while in others it is based on a 1:1 (H/OH) ratio by equivalents. As indicated in Table 4,
the ratio selection depends on the type of operating cycle and source of condenser cooling water.

Table 4. Typical Ratios of Cation to Anion Resin Used in Mixed Bed Condensate Polishing

Cation/Anion Ratio
By Volume (H÷/OH")

Cation/Anion Ratio
By Equivalent (H÷/OH") Plant Type Notes

2:1 1:1 Nuclear BWR Hydrogen Cycle with Neutral pH Feed

1:1 or 2:3 Nuclear PWR/Fossil Hydrogen Cycle with Elevated pH Feed

Nuclear PWR For plants with seawater or high TDS
Cooling water source
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Hydrogen Cycle Operation
Hydrogen cycle operation literally means the cation resin in the mixed bed always has some hydrogen exchange capacity -
even at the endpoint that triggers the end of the service cycle. When cations, such as sodium, are exchanged onto the
cation resin, hydrogen ions are released and acids are formed, i.e., HCI, etc. These acids are immediately exchanged onto
the anion exchange resin in the mixed bed and hydroxide ions are released. The hydrogen and hydroxide ions combine to
form water. The result: effluent water of exceptional quality.

BWR Primary Cycle - Neutral pH Condensate
In BWR primary cycles the condensate is kept near neutral pH conditions. Because the quantities of insoluble corrosion
products (crud) are much higher in relation to dissolved solids, the condensate polisher serves primarily as a filter for crud
removal. The filtering ability of a deep-bed of cation and anion exchange resin is considerably greater than that of inert
media, such as sand or coal, of the same particle size. This is due to the highly charged surface of the resin particle.

Under normal conditions, the low concentration of dissolved solids in the condensate results in very little exhaustion of the
ion exchange resin. Despite this, thirty days is a typical service cycle run time of a BWR condensate polisher bed and after
removal from service the resin is transferred to an external cleaning station. The cleaning method most common in North
America employs ultrasonic energy. In an ultrasonic resin cleaner (URC) the resins pass downward through a tall, slender
vessel having ultrasonic transducers on its wall. Energy input must be sufficient to break crud loose from the surfaces of the
resin beads, but low enough to avoid bead breakage. Crud and resin fines are drawn off at the column top.

In general, the URC method enables polishers to reduce insoluble iron to about 2.5 to 3 ppb. Note that this falls short of the
0.5 to 1.5 ppb level now targeted by North American industry guidelines. A promising alternative system - the Advanced
Resin Cleaning System (ARCS) - is a vibrating screen assembly for separating cleaned resin beads and fines from transfer
and cleaning water. Recycle of the cleaning water minimizes wastewater generation. Results from a full-scale installation at
a BWR station in the southeastern region of the United States indicate that ARCS, used consistently, can remove more
insoluble iron from the resin resulting in an improvement in feed water iron to less than 1.5 ppb.2

Another area of development in BWR condensate polishing relates to a different design for the cation resin. Over a decade
of Dow research has been dedicated to the manufacture of cation resin beads with enhanced crud removal capability.
Activity continues in Japan and the U.S. for the evaluation of several lower cross-linked cation resins. The DOWEX
GUARDIAN CR-1 is a commercially available cation resin product used in the U.S. BWR market because of its enhanced
crud removal characteristics (see Table 2). The manufacturing process incorporates a proprietary technology to chemically
"stabilize" this product. A full-scale field trial at a BWR station in the northeastern region of the United States began in
January 1998. The trial3 clearly showed a significant improvement in iron removal capability compared to a conventional
cation resin, such as DOWEX HGR-W2 (see Figure 7).

Figure 7. Effluent Iron Comparison from Field Trial at Nine Mile Station, Unit II
A Control Resin (Charge 42) ° Test Resin (Charge #9) x Test Resin (Charge #3)
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Hydrogen Cycle with All Volatile Treatment (AVT)
With AVT in the steam-condensate cycle, the load on the cation exchange resin is near a 1 ppm concentration level which under
normal conditions is many orders of magnitude greater than the steady-state amount of contaminant ions, such as sodium, in
the condensate return stream. The amine used in AVT exchanges onto the functional site of the cation exchange resin. When
the service cycle run time is terminated at or before the onset of amine breakthrough, the operation of the condensate polisher is
referred to as the "hydrogen cycle". Hydrogen cycle operation is necessary to prevent the occurrence of the sodium "spike".
This spike occurs because residual sodium left on the cation resin after regeneration will be displaced from the resin by the
amine. The concentration of sodium in the spike is a function of the amine type and its' concentration in the condensate, the
amount of sodium on the cation resin, and the selectivity of the cation resin for the amine relative to the sodium.

In order to extend the service run time of the condensate polishers in hydrogen cycle operation, a resin volume ratio of 2:1
cation to anion resin has been employed. Extending the run time reduces the frequency of regeneration thereby reducing the
costs associated with regeneration chemicals, manpower and waste disposal. If the TDS of the cooling water is high, as with
seawater, an increase in the percentage of anion resin in the mixed bed may be necessary to provide more protection from
influent anions (see Table 4).

With hydrogen cycle operation the utilization of the cation resin is limited. A 1996 survey4 of PWR stations in North America
indicated that only 45-65% of the cation resin converts to the amine form prior to the onset of amine breakthrough. A cation resin
with higher capacity and smaller diameter is now available commercially as DOWEX MONOSPHERE 575C (see Table 2). The
combination of greater surface area and density of exchange sites enables greater utilization of the fixed volume of cation resin.

The Ammonia Cycle with All Volatile Treatment (AVT)
Operating the polishers past the ammonia break is one way to reduce the operating costs in a system with AVT chemistry.
When operating in the ammonia cycle, ion exchange shifts from H*/OH- chemistry to NH4"/OH- chemistry. The cation resin,
now in the ammonium form, exchanges ammonium ions for contaminating ions, such as sodium. Because this on-line
ammoniation competes with the selectivity for sodium, it is essential to minimize the sodium residual on the cation resin
during the regeneration cycle. This can be achieved with the proper choice of resin products and regeneration procedures.
More discussion on this topic is provided in the section on "Factors Affecting Resin Performance." Some operations start
with pre-ammoniated resins to eliminate step-change increases in sodium leakage. The drawback of this method is loss of
hydrogen capacity as part of the total run length.

While increased run length and reduced regeneration costs are very attractive, there is a risk. Namely, the driving force for
the uptake of contaminant ions is significantly reduced by virtue of hundredfold increases in the competing ion
concentrations. For instance, in the ammonia cycle, the competing ion, NH4', is at a solution concentration near 10-5
equivalents per liter. In contrast, the competing ion, H+, in the hydrogen cycle is at a solution concentration of only 10-7
equivalents per liter. Consequently, sodium leakages will be much greater (as much as 100x) with ammonia cycle operation.
Many stations that choose to operate in the ammonia cycle use a 20% cross-linked macroporous cation resin due to a belief
that this resin offers a higher selectivity coefficient for sodium relative to ammonia. The literature5 contains data that states
the resin's preference for one cation over another is a function of the degree of cross-linkage within the resin matrix. Figure
8 shows this data as the relationship between the cross-linkage and ion selectivity. However, as shown in this figure, the
selectivity for sodium relative to ammonia is about 0.71 to 0.72 for both the 20% macroporous and the 10% gel cation resins.
Suffice to say, a lot more work is still required to truly understand the selectivity properties in multi-component systems.

Figure 8. Cation Resin Selectively vs. Cross-Linkage
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Operating in the ammonia cycle also affects the operation of the anion exchange resin. In the presence of the ammonium
ion, dissolved carbon dioxide ionizes to form the carbonate ion. Carbonate is a divalent ion, and consequently it is much
more selectively held by the anion resin in dilute solutions of monovalent ions (i.e., service cycle where the OH- ion is at a
solution concentration near 10-5 equivalents per liter). As a result, the carbonate ion will selectively displace chloride and
sulfate ions from the strong base functional sites of the anion resin.

The anion resin in a condensate polisher also serves to protect against silica contamination sourced from condenser
inleakage and/or make-up water. But with operation in the ammonia cycle, the concentration of hydroxide ions is roughly
100 times greater than that in the hydrogen cycle. So the already low silica selectivity of the anion resin is further
compounded by the high pH conditions. Consequently, silica leakages may be much greater with ammonia cycle operation.

The anion resin's selectivity for silica is also affected by temperature. At temperatures in excess of 120'F (49'C), silica
leakage may increase due to lower selectivity. At temperatures above 140'F (60'C), silica can hydrolyze from the resin,
leaving little, if any, effective capacity for silica. Any of these conditions may dictate a condensate polisher design with a
higher percentage of anion resin.

Aging is another consideration of anion exchange resin, particularly with respect to surface kinetics, and therefore, leakage
of sulfate ions. The deterioration of strong base anion exchange resin usually results in the formation of some weak base
functionality. Weak base sites are kinetically slower than strong base sites. If sulfuric acid comes in contact with the anion
resin due to cross-contamination during the regeneration, then the anion resin is converted to the bisulfate form. In the
subsequent rinse steps, sulfuric acid can be hydrolyzed from either two adjacent bisulfate ions or from the weak base sites of
the resin, resulting in increased sulfate leakage. In addition, the accumulation of any of the variety of aromatic-based organic
species on the anion resin surfaces can eventually impact the resins' surface kinetic properties. This phenomenon, too, will
cause impaired performance of the anion resin during rinse-down operations, not to mention the ability to manage condenser
inleakage situations.

Morpholine, Ethanolamine and Other Alternative Amines
The preferred amine for pH control, formerly ammonia, depends on the system - component materials, use of condensate
polisher, etc - as well as steam-turbine design features. The amines protect the metal surfaces by disassociation to form
OH- ions, which then neutralize feed water acids. For a wider pH control over all parts of the cycle, many PWR stations have
switched to using organic amines, such as morpholine or monoethanolamine. With lower volatility compared to ammonia,
organic amines have a greater preference for water than for steam in a two-phase fluid. Consequently, organic amines yield
higher pH and provide greater protection for extraction lines, heater shells and other wet-steam regions where flow-
accelerated corrosion (FAC) is likely to occur.

Morpholine has been used with very good success in nuclear plants and in some industrial boiler applications without
condensate polishing. Improvement in corrosion protection throughout the steam-condensate circuit has been demonstrated
in PWR stations in France and the United States by raising the pH by one unit. Data is available on the use of morpholine in
systems using condensate polishers.6 Morpholine is exchanged onto a cation exchange resin in much the same manner, as
is ammonia. The selectivity, which the cation resin exhibits for morpholine, in reference to the sodium ion, is still a subject of
much debate. In work reported by Sadler, a 10% cross-linked cation gel resin had approximately equal selectivity for
morpholine and sodium.7 In other EPRI workshops for condensate polishing it has been reported that cation resins with a
20% cross-linked macroporous structure have a much greater selectivity for sodium relative to morpholine compared to gel
resins. However, other studies have provided data to indicate the sodium selectivity of a cation resin in a morpholine
environment depends on many factors including the quantity of sodium on the cation resin and the presence of other cationic
species, such as ammonia. One study8 in particular used pilot-size column experiments and a 10:1 equivalent ratio of
morpholine to ammonia as the influent stream. Interestingly, the 10% gel cation resin performed equal to the 20%
macroporous cation resin with respect to sodium breakthrough.

Despite this demonstrated superiority of morpholine over ammonia, even broader protection was deemed necessary. This
situation was especially true of plants using deep-bed polishers, because of morpholine adsorption and exchange onto the
cation resin. Today, the most popular amine selection for PWR stations in North America is monoethanolamine (ETA),
adopted by some two dozen plants.
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While ETA has provided enormous benefits in reducing the transport of corrosion products to steam generating and
downstream components, some stations continue to experience difficulty in maintaining the desired secondary cycle
chemistry under full-flow condensate polishing conditions. Although different stations appear to have different problems, a
few common pitfalls exist. Following a chemical regeneration of the cation and anion resins, steam generator sulfate
excursions and long, sluggish rinses of the anion resin have become more commonplace. The severity of these steam
generator sulfate disturbances vary depending on the length of the pre-service rinse, the rate of flow velocity change when
switching to the full-flow service condition, and other system related factors. Resin sampling and analysis from polisher
systems at many PWR stations clearly show that long rinse time is symptomatic of anion resin with impaired surface kinetic
properties. As a result, many PWR stations have moved to operating without the deep-bed polishers (100% by-pass),
operating with a long, extended pre-service rinse, or have begun intentionally skipping the regeneration of their anion resin.

Even still, not all stations fell victim to resin performance difficulties following their switch to ethanolamine chemistry. In fact,
a 1996 survey 9 of all U.S. PWR stations indicated that the stations processing higher temperature condensate (>130'F,
54°C) were the ones that reported more of the resin performance problems. This finding prompted a research effort in
accordance with EPRI to study the properties of DOWEX MONOSPHERE 650C resins under controlled laboratory
conditions in separate environments of deionized water, ammonia and ethanolamine.10 Each resin system was sampled at
regular intervals over a period of 12 weeks. TOC leachables from the cation resin and surface kinetic properties of the anion
resin were the key parameters of interest. All experiments were controlled at 150'F (660C) and kept under deoxygenated
conditions. Several samples of the DOWEX MONOSPHERE 575C cation exchange resin were included in this study to
measure the impact, if any, of a resin with higher cross-linkage. As shown in Table 5, the ethanolamine environment is
clearly the most unfavorable resulting in the greatest impairment of anion surface kinetics and all the cation resins showing
the highest degree of TOC leachable release. In comparing the two cation resin types, all prototype samples of the DOWEX
MONOSPHERE 575C resin showed improved compatibility in both the ammonia and ethanolamine environments. Work is
still in progress, however, to identify the root cause of premature impairment of anion resin kinetics for systems with
ethanolamine chemistry and elevated condensate temperature.

Table 5. Results Summary for the Controlled Aging Studies (150*FI65°C) for Several Prototypes of the DOWEX
MONOSPHERE 575C versus the DOWEX MONOSPHERE 650C Cation Resins

Net Anion Net Anion Net Anion
Cation cation kinetic Cation cation kinetic Cation cation kinetic

Aging time resin ionic TOC MTC resin ionic TOC MTC resin ionic TOC MTC
Resin designation (weeks) form (ppb) (104 m/s) form (ppb) (104 m/s) form (ppb) (1O4 mls)

0 Hydrogen 0 2.14 Ammonium 0 2.14 Ethanolamine 0 2.14
DOWEX 6 834 2.02 1,068 2.07 3,343 1.82
MONOSPHERE 650C 9 1,236 2.03 1,494 2.02 7,309 1.58

12 2,041 1.88 " 2,405 1.84 18,054 1.43
0 Hydrogen 0 2.14 Ammonium 0 2.14 Ethanolamine 0 2.14

DOWEX 6 785 2.09 925 2.09 2,386 1.95
MONOSPHERE 575C 9 1,192 2.06 1,319 2.06 5,410 1.79

12 1,905 2.01 2,118 1.92 13,191 1.64
0 Hydrogen 0 2.14 Ammonium 0 2.14 Ethanolamine 0 2.14

DOWEX 6 797 2.09 913 2.11 2,505 1.90
MONOSPHERE 575C 9 1,206 2.06 1,310 1.99 5,423 1.71

12 2,110 2.02 2,092 1.89 13,330 1.59
0 Hydrogen 0 2.14 Ammonium 0 2.14 Ethanolamine 0 2.14

DOWEX 6 745 2.03 972 2.00 2,795 1.92
MONOSPHERE 575C 9 1,155 1.94 1,386 1.93 6,214 1.82

12 1,892 1.92 2,190 1.85 15,160 1.63
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Use of Boric Acid in PWR Secondary Cycles for Intergranular Attack and Stress Corrosion Cracking Control
Another key aspect of secondary-side chemistry optimization relates to corrosion within the steam generator. While
significant progress has been made, degradation in performance of this costly component continues to limit secondary-cycle
reliability. Specifically, incidents of intergranular attack (IGA) combined with stress corrosion cracking (SCC) continue to
increase. Flow-restricted regions such as tube intersections with support plates and tubesheets are likely trouble spots.
Crud transported to these crevice regions aggravates the problem by further constricting these narrow openings. This
promotes concentration of impurities in these crevice regions and sets the stage for IGA. Under the right conditions -
extreme local pH, disruption of the protective metal oxide film, etc. - SCC ensues.

Laboratory studies from several years back indicated that boric acid could help control IGA and/or SCC - possibly by
neutralizing a caustic environment or reinforcing the oxide film. Although results have been modest, many plants have
adopted this inhibitor by maintaining 5-10 ppb boron in the steam generator.With boric acid addition to the secondary cycle,
the strong base anion resin seems to undergo partial conversion to the borate form. In general, the anion resin shows a
relatively low selectivity for borate species, consequently, the borate break occurs early on in the service cycle. The
breakthrough of boric acid creates acid pH conditions, and therefore, a larger driving force for sodium ion displacement.
Figure 12 illustrates the dependence of sodium leakage on effluent pH.

Factors Affecting Resin Performance

The performance of an ion exchange resin in a particular system is strongly dependent on the inherent characteristics of the
resin itself, the design parameters of the system within which it will operate, and on the manner in which the operation is
controlled.

Resin Characteristics (Cation and Anion)
Resin characteristics having the most significant impact on performance in a condensate polisher include particle size and
bead uniformity, ionic capacity and filtration, selectivity, bead integrity, kinetics, oxidative stability, rinse and regeneration
efficiency, and color. These characteristics are to some degree interrelated and some overlap may occur in the description.

Particle Size Uniformity
Particle size uniformity affects a number of resin characteristics including the kinetics of reaction, the separability of one resin
from another, and the pressure drop across the resin. The introduction of resins with a narrow bead size distribution has
been shown to offer many advantages over Gaussian distribution resins. These advantages will be discussed in detail in
later sections. Figure 9 illustrates the difference in the particle size distribution between the Gaussian and uniform bead
types.

Figure 9. Resin Beads with Gaussian and Narrow Size Distributions
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In high flow rate applications, the ability of ion exchange resins to remove ionic impurities to extremely low levels depends in
part on kinetics. Kinetics are determined by both the rate at which ions are transported across the surface of the resin bead
and the rate of diffusion of the ion into the resin particle.
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At the very low ionic concentrations encountered in the condensate, the surface exchange rate and surface area become
important. Since smaller beads have greater specific surface area, their kinetics are faster. In addition, by selecting resins
with high bead size uniformity, the larger, kinetically slower beads are eliminated. Figures 10 and 11 illustrate the excellent
kinetic behavior of uniformly sized resins during simulated and actual seawater condenser leaks at two utilities.

To simulate the effects of a seawater condenser leak, a fossil fuel facility injected a sulfate solution into the feedwater to their
condensate polisher. The polisher contained uniformly sized resins. A solution containing 120 ppb sulfate was injected at two
times during the service run, first toward the end of the hydrogen cycle and again toward the end of the ammonia cycle.

Figure 10 shows that the sulfate leakage remained very low when the system was operating in the hydrogen cycle due to the
fast kinetics of the uniformly sized resins. In the ammonia cycle the resins response to the simulated sulfate was also rapid.
The higher sulfate peak (exaggerated by the log scale on the graph) is caused by the higher pH during the ammonia cycle.

Figure 10. Condensate Polisher Performance - DOWEX MONOSPHERE Resin - Simulated Condenser
Seawater Leak Studies
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Figure 11 presents data obtained during an actual condenser leak in a Southeast fossil fuel plant. Cation conductivity, which
effectively measures anion concentrations, shows the excellent kinetic response even more clearly.

Figure 11. Condensate Polisher Performance - DOWEX MONOSPHERE Resin - During Actual Condenser Leak
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In any particle size distribution, the larger beads will be kinetically slower than the smaller beads. The better the particle size
uniformity for a given average particle size, the fewer number of large, slow-acting beads present. Therefore, the overall
kinetics will be better.
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Particle Size Uniformity and Separability for Regeneration
Complete separation of the anion and cation resin components of a mixed bed is desirable to facilitate the independent
regeneration of each. Resin cross-contamination causes ion leakage problems during the subsequent operating cycle.

The ability to separate one resin from another by backwash depends on differences in their particle size and density. Large,
low-density anion beads can fluidize during backwash at the same level as small, more dense cation beads. This can make
separation difficult or impossible. By controlling the uniformity of the particle size within each of the resin types, it is possible
to optimize the resin separability by backwash fluidization. More details on resin separability will be presented later under
"System Operation Considerations."

Filtration
In a condensate polisher, the function of the ion exchange resin is twofold: to provide ion exchange capacity and to provide
filtration.

Filtration is a function of the particle size and particle size distribution. The number of "pinch points" between resin beads in
a given volume of resin is related to the ability of the resin to filter. Smaller resins provide more pinch points and greater
filtration.11 Resins with uniform particle size distribution and smaller average diameter can provide better filtration than larger
diameter resins with a Gaussian distribution.

Capacity
Ionic capacity is defined by two classifications, total and operating. Total capacity is inherent in the resin type, but can vary
with changes in resin cross-linkage and water retention capacity. More highly cross-linked gel resins have higher total
capacities (see Table 2). Operating capacity is not only a function of total capacity but is also dependent on the
regenerability of the resin which relates to resin particle size uniformity. The operating capacity can be affected by flow rates,
regenerant dosage and concentration, and bed configuration.

Selectivity
The selectivity of an ion exchange resin is a measure of preference the resin exhibits for the various ions of the appropriate
charge. For example, a gel cation exchange resin having 10% cross-linkage, will exhibit a selectivity of about 1.5 for sodium
ion relative to hydrogen ion, at 25'C.

Figure 12 presents sodium leakage calculations for a cation resin that yields a sodium selectivity coefficient of 1.5 in pH
environments from 6.0 to 7.0. This data shows the dependence on the amount of resin in the sodium form. This
demonstrates the importance of effectively separating the cation from the anion resin and minimizing the cross-
contamination of cation resin with regenerant NaOH.

Figure 13 presents this same type of data for chloride leakage based on its equilibrium with the hydroxide ion. Because of
the high selectivity that the anion resin has for chloride ion, effective removal of chloride during regeneration is essential to
minimize subsequent chloride leakage during the service. This becomes especially true following a service cycle with
condenser inleakage, whereby the anion resin has been subjected to a higher than normal amount of chloride.

Figure 12. Sodium Ion Leakage Based on Figure 13. Chloride Ion Leakage Based on
Equilibria with Hydroxide Ion Equilibria with Hydroxide Ion
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Selectivity is an important consideration in both regeneration and exhaustion operations. The ease with which a given ion
can be stripped from a resin is affected by the resin's selectivity for that ion relative to the displacing ion in the regenerant.
The more difficult the removal, the more likely ions will be left behind for subsequent leakage during exhaustion. The leakage
pattern during exhaustion will reflect the relative affinity the resin has for the exhausting ion and the ion left behind during the
previous regeneration. Operating capacity is also greater at a given regeneration dosage for ions less selectively held.

Bead Integrity
Bead integrity in an ion exchange resin must match the needs of the application. Resin beads must be strong enough to
remain unbroken under the conditions of operation during the entire cycle. Anion resin fines which develop as the result of
broken beads are lost from the system during backwash. Cation resin fines contaminate the anion resin layer during
backwash separation. The end result of both these breakage situations is loss of effective capacity and water quality.

In deep bed condensate polishing, operating conditions can be quite severe. High flow rates are typical. Pressure drop
increases across the bed as particulate crud is filtered from the condensate. Resin is transported hydraulically for
considerable distances from the service vessel to the regeneration system. Osmotic forces are encountered during
regeneration.

To assure that resins meet these needs, crush tests and attrition tests have been implemented to define resin strength
parameters.

Kinetics
As discussed earlier, the rate at which a resin exchanges one ion for another is a combination of the surface film diffusion
rate and the internal bead diffusion rate. Kinetics also relate to the leakage of ions from the resin. Of particular interest in
condensate polishing are the kinetics of sulfate ion reaction on strong base anion exchange resins. Sulfate exchange is
slower than chloride exchange. Furthermore, deterioration of the anion resin with age, due to oxidation or organic fouling,
affects sulfate kinetics more than chloride.

Tests of the kinetic properties of resins have been devised by various groups. Although no standard method exists, ASTM
recently approved a standard practice for kinetics testing of ion exchange resins. Regardless of the method type, a
comparison of effluent water quality results from kinetic testing is only valid when using the same procedure and
experimental conditions. Of particular interest is one of the original studies 12 for anion resin kinetics. This report discusses
the impact of the anion bead size, condensate flow rate and the volume ratio of the cation and anion resin on the removal
rate of sulfate and chloride. Moreover, it compares the ability of mixed bed resins to control sudden changes in the
concentration of influent ions.

The anion kinetic properties are most important simply because the primary function of anion exchange resin in condensate
polishing is the removal of sulfate and/or chloride ions from the condensate stream. While these ions are normally present at
very low levels, their concentration in the condensate can rise abruptly in the event of a condenser leak. Because of the low
ion concentrations and high flow rates involved in condensate polishing, the rate-limiting step in ion removal is diffusion
across the resin surface "film." Organic molecules attracted to or adsorbed on the bead surfaces can impair ion exchange
across those surfaces. While this resin contamination may not impact normal polisher operation, it may result in poor
effluent water quality in the event of a condenser leak or other ionic ingress.

Along these same lines, cation resin kinetic properties also contribute to condenser inleakage management. A previous
laboratory study 13 reported the results of mixed bed performance testing using different combinations of new and "fouled"
cation and anion resins. From the data, fouled cation resin paired with new anion resin gave higher sulfate slippage than
fouled anion resin paired with new cation resin. This supports the hypothesis that sulfate removal kinetics of the mixed bed
depends to a large extent on the salt splitting kinetics of the cation resin.
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Oxidative Stability
Oxidative stability of ion exchange resin affects the performance of cation resins in a different manner than anion resins in
condensate polishing use. Anion resins deteriorate by oxidation to form weak base functionality. Oxidative attack is primarily
on the functional group. This results in a resin that is lower in strong base capacity and is kinetically slower.

Because cation resins are predominantly attacked at the backbone structure, various low and high molecular weight
leachables can form. Most of these leachables are removed, reversibly, by exchange on the anion resin in the system. Some
high molecular weight leachables may not be picked up by the anion resin and could contaminate the condensate. For this
reason, it is important to understand the molecular weight of leachables when selecting cation resin.

A comparison of the leachables from various gel and macroporous cation resins 14 was presented at the International Water
Conference (IWC) and in the publication Ultrapure Water.15

Rinse and Regeneration Efficiency
The rinse and regeneration efficiency of resins can directly impact the ionic leakage. Better regeneration results in more
complete removal of ionic contaminants from the anion and cation resins. This leads to longer run time and lower total ionic
leakage. Regeneration efficiency is significantly improved when resins with uniform particle size distribution are used versus
resins with a broader Gaussian particle size distribution.

Rinsedown of a resin following regeneration is dependent on the rate of diffusion of the regenerant chemical from the bead
interior to the surface of the bead. Thus, rinse efficiency is adversely affected by the larger beads in the resin particle size
distribution. Uniform particle size distribution improves the rinse efficiency of a resin due to the absence of larger beads. The
effect is illustrated in Figure 14, which shows a comparison of rinsedown curves for a uniformly sized resin vs. a resin with a
broad size distribution taken at a U.S. fossil fuel plant.

Figure 14. Anion Rinse Down Curves - DOWEX MONOSPHERE Resins

vs. Gaussian Gel Resins

10 0 r 10.000

E

2

- Mioed Bed Condensate Polishing System
Fast Rinse Follosing

Regeneration of Separated Anion Resin
1.000 2.5 gprn/ft (20 m'n.hrlm•)

10 gprn/ft
t 

(24 tn/hr)

N. Gaussian GelAnion

50 . - .-Z - .....

1000/A EX MONOSPHERE 55 AN

1.000

100

50

10

I _ WI,
0 10 20 30 40 50 60 70

Rinse rime, minutes

Color
The performance of a resin in a condensate polishing system can be affected by color. To make it easy for the operator to
verify backwash separation, the cation and anion resins should have sharply contrasting colors.

Resin Specifications Can Help You Select the Right Resin
The resins you purchase should reflect the requirements of your condensate polishing system. The resin specifications
describe the characteristics that were discussed in this section. Most manufacturers will provide you with resin specifications
to help you select the resin that will meet the requirements of your polishing system.
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System Operating Considerations

The mechanical/hydraulic design of a condensate polishing system must assure good fluid distribution across the resin bed.
It must also provide the ability to completely remove a charge of resin for regeneration in another vessel. In addition, there
are several other system factors which deserve special attention. Included are condensate temperature, organic sources,
resin separability, regeneration procedures, and resin ratios used in the system.

Temperature
Condensate temperature has a definite effect on the resin performance. The removal of weak acids such as silica and
dissolved CO2 decreases with increasing temperature. At about 140'F (60'C), the affinity of the strong base anion resin for
silica is significantly reduced. Every effort should be made to control the silica and carbonate levels of the makeup water
with the makeup demineralizer. For the cation resin, sodium leakage increases with increasing temperature.

Organics
Organics in condensate can be a source of ion exchange resin fouling. Thermal decomposition of organics can also be a
source of system corrosion. Organic materials which are oily in nature and are not necessarily water soluble tend to coat the
resin beads, both cation and anion. This severely limits the diffusion of ions into the resin structure. Contamination by oily
organics can occur during startup of new equipment and by oil incursions into the system during operations. All reasonable
attempts should be made to keep these materials from contacting the resins. Oily materials also cause severe problems
with systems employing inert resins for separation enhancement. Oil films collect on the inert bead surface and tend to trap
air during the separation, causing the inert resin to float.

Regeneration
Regeneration of condensate polishing resin requires several steps to minimize leakage of ions during the next cycle. The
exhausted resin bed is typically loaded with crud. Physical cleanup of the resin is required before chemical regeneration can
be effective. Several techniques have been developed to accomplish crud removal.

Standard procedures call for an air scrub step. This involves bubbling of air into the base of the column containing the resin
transferred from the condensate polisher. Since crud is usually a combination of iron and copper oxides, the air scrub
operation must be vigorous enough to break the crud down to fine particulate materials, capable of being fluidized above the
resin. This is followed by backwash of the bed for removal of the crud overhead. Proper flow during this backwash operation is
critical. The rate of flow must be great enough to fluidize the contaminating particles into a zone above the resin particles. The
crud takeoff point should be at a level six inches above the recommended backwash expansion level for the resins involved.

Some forms of the particulate crud tend to be sticky, making loosening by abrasion time consuming. Ultrasonic cleaners
have been developed to loosen crud from the bead surface. These cleaners are combined with backwashing to separate
crud from the resin.

Another system designed to clean particulate matter from the resin and to separate the resins efficiently for regeneration
combines vibrating screens and backwash for cleaning and separation. This system can also be used in conjunction with
ultrasonic cleaning.

Separation
Resin separability in a condensate polishing system is affected by the inherent settling velocity of the resin particles and the
hydraulics of the equipment used to carry out the fluidization and resin transport. If the cation and anion resins are not
completely separated, some of each resin will be contaminated by the wrong regenerant and leakage of ions will occur
during operation.

Complete separation of the cation and anion resins during backwash is dependent on the density of the resins, the size
difference between the two types of resin, and the size distribution of resin beads within each resin type.

Most resins today achieve easy separation by making the denser cation beads larger than the less dense anion beads.
Beyond this density difference, size distribution becomes the determining factor in further improving separation. If there is a
broad range of bead sizes within the cation and anion resins, separability can suffer. That is, oversized anion beads may
mix with the under sized cation beads at the interface during separation. The result is cross-contamination and leakage.
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To get the best possible separation, the nominal size of the denser cation resin beads should be larger than the nominal size
of the anion beads. This accentuates the density difference between the resin types. Within each resin type, all of the
beads should be as close to the nominal size as possible. This bead size uniformity will minimize the cross-contamination
discussed earlier. Figure 15 shows the importance of bead size uniformity in achieving good separation. The resin
separation, in terms of terminal settling velocity, is projected based on bead density, bead size, and size distribution.

Figure 15. Terminal Settling Velocity Distributions and After-Backwash Column Profiles for Gaussian and
Narrow Size Distribution Resins in Mixed Beds
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It has been the practice in some operations to add a third, inert resin layer between the two active resins in the mixture. With
Gaussian resins this practice dilutes the crosscontamination region but does not eliminate it. It may be useful in systems
where the interface is isolated from the other resins during regeneration or when equipment design requires an inert layer.
However, use of an inert resin will reduce the capacity in the mixed bed due to the space taken by the inert resin. Inert resin
is not necessary when using uniform particle size resins.

Equally as important as the inherent separability of a resin pair is the separation equipment and support systems. The
equipment and systems must provide the hydraulics necessary to obtain and maintain the separation achieved. Resin
transport tends to remix resins, particularly at or near the interface between them due to the development of eddy currents
near exit ports. A number of approaches have been taken to prevent remixing and subsequent leakage.

Early designs used a system which transported the anion resin from the separation vessel, generally through a side port or
ports near the interface level. In many cases, internal collectors are used to minimize the remixing of the resins during
removal. The cross-contamination level in some cases is still significant, resulting in subsequent sodium leakage levels
which are unacceptable.

Reduction of the sodium leakage in some systems can be accomplished by one of two chemical processes.

The first process involves treating the separated and regenerated anion resin layer with ammonia. The ammonium ions
displace sodium from the cation resin still present in the anion resin. The process has been most successful in systems
using ammonia for pH control. The sodium leakage level depends on the amount of ammonia used to treat the anion resin
layer.
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In the second process, lime (calcium hydroxide) is used. The calcium which replaces the sodium could potentially leak from
the resin during the loading cycle. However, the selectivity the resin has for calcium is much greater than for sodium. If free
calcium or lime is adequately cleaned from the system, low calcium leakage can be expected. Sodium leakage levels are
better than obtained without the chemical treatment.

Removal of the cation resin contaminating the anion resin layer has been accomplished with a process that involves
regenerating the anion resin in concentrated caustic. After regeneration the anion resin has a lower density than the caustic
solution and the anion resin floats. The cation resin contaminating the anion resin is denser than the solution and settles to
the bottom. The cation resin is then recycled to the cation regeneration tank.

The hydraulic difficulties associated with removal of the anion resin from above the cation resin in the separation vessel led

to development of processes designed to remove the cation resin from the bottom of the separation vessel.

One commercial process incorporates a conical base on the separation vessel. The cation resin is removed through this
conical base. The interface between the cation and the anion resin is reduced as the cation resin is removed, leaving only a
small cross-sectional area when the interface reaches the exit port. The cross-contamination zone is small enough to be
contained in the transfer piping. Good separation has been maintained with this approach.

Much effort has been expended by resin manufacturers and equipment vendors to reduce the sodium leakage caused by
regenerant cross-contamination. A system can be chosen most suited to a particular need.

Regenerants

Regeneration of the resins, as typically practiced in the United States, uses sulfuric acid solution for the cation exchange
resin and sodium hydroxide solution for the anion exchange resin. Regeneration of the cation exchange resin with
hydrochloric acid is a more common practice outside the United States.

The quality of the effluent water immediately following each regeneration is affected by the regenerant conditions as well as
the degree of resin separation obtained. Both cross-contamination and impure regenerant chemicals can cause higher than
average leakage initially after regeneration.

High levels of salt contamination in the sodium hydroxide regenerant should be avoided. When salt is present, competition
from the chloride ions reduces the effectiveness and efficiency of regeneration with hydroxyl ions and reduces the capacity
of the anion resin.

Remixing Resin

The final steps in the regeneration procedure include rinsing each resin to remove excess regenerant, remixing the anion
and cation resins, rinsing the mixture to quality, and transporting the resin mix to the condensate polishing vessel.

Remixing resins which have been designed to give optimum separation upon backwash fluidization requires considerable
care in the system design and operation. Even properly mixed resins will tend to separate when hydraulically transported to
the condensate polishing vessel. Serious consideration should be given to the addition of a remixing capability in the
condensate polishing vessel. In fact, a PWR nuclear power station in the Northeast recently retrofit all service vessels with
re-mixing capability and immediately realized a dramatic improvement to both effluent water quality and operational
efficiency.

16

System Operation

Successful operations require good analytical tools. Instrumentation has become increasingly important as the water quality
requirements have become more stringent. In the past, some ions were hard to detect and measure. As a result, leakage of
these ions was seldom checked. Many of these same ions have now been found to be significant factors in system damage.

The development of new analytical instrumentation has made it possible to follow the quantity and nature of leakage of many
contaminants both on-line and off-line. Used in conjunction with highly reliable continuous on-line pH and conductivity
methods, techniques such as ion chromatography allow specific cations and anions to be analyzed in a semi-continuous
mode.
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Other measurement methods include soluble silica analysis, a colorimetric method, total organic carbon analysis, atomic
absorption spectrometry, flame-emission photometry, cation and anion exchange chromatography and specific ion
electrodes.

The usefulness of conductivity has also been expanded by the perfection of techniques to measure cation conductivity and
degassed cation conductivity.' 7

Finally, successful operation of even the best designed plant depends on operators who are committed to getting the best
out of the system.

Dow Technical Backup

The Dow Chemical Company manufactures and sells a full line of DOWEX ion exchange resins designed for use in
condensate polishing systems. In addition, DOWEX ion exchange resins are supported by responsive technical people and
the most advanced resources available. Your Dow technical sales representative, along with our Technical Service and
Development group, can help you keep your water system running at peak efficiency.

We can help you select the resins you need for all of your water treatment requirements. We can help you determine the
optimum time to replace resins. We can even help you set up your own resin testing and monitoring program. In short, we
offer the kind of extensive technical support you would expect from the leader in ion exchange technology.
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Dow Liquid Separations Offices.
For more information call Dow Liquid Separations:

Dow Europe
Dow Customer Information Group
Liquid Separations
Prins Boudewiinlaan 41
B-2650 Edegem
Belgium
Tel. +32 3 450 2240
Tel. +800 3 694 6367 '
Fax +32 3 450 2815
E-mail: dowcig@dow.com

Dow Japan
Dow Chemical Japan Ltd.
Liquid Separations
Tennoz Central Tower
2-24 Higashi Shinagawa 2-chome
Shinagawa-ku, Tokyo 140-8617
Japan
Tel. +81 3 5460 2100
Fax +81 3 5460 6246

Dow Pacific
Dow Chemical Australia Ltd.
Liquid Separations
541-583 Kororoit Creek Road
Altona, VIC 3018
Australia
Tel.
Fax

61-3-9226-3545
61-3-9226-3534

Dow Latin America
Dow Quimica S.A.
Liquid Separations
Rua Alexandre Dumas, 1671
Sao Paulo - SP - Brazil

CEP 04717-903
Tel. 55-11-5188 9277
Fax 55-11-5188 9919

Dow North America
The Dow Chemical Company
Liquid Separations
Customer Information Group
P.O. Box 1206
Midland, M1 48641-1206
USA
Tel. 1-800-447-4369
Fax (989) 832-1465

Internet
http://www.dowex.com

T Toll-free telephone number for the following
countries: Austria, Belgium, Denmark, Finland,
France, Germany, Hungary, Ireland, Italy, The
Netherlands, Norway, Portugal, Spain, Sweden,
Switzerland, and the United Kingdom

Notice: Oxidizing agents such as nitric acid attack organic ion exchange resins under certain conditions. This could lead to anything from slight resin degradation to a violent
exoLheiriic reaction (explosion). Before using stong oxidizing agents, consult sources knowledgeable ini handling such niaterials.

Notice: No freedom from any patent owned by Seller or others is to be inferred. Because use conditions and applicable laws may differ from one location to another and
may change with time, Customer is responsible for determining whether products and the information in this document are appropriate for Customer's use and for ensuring
that Customer's workplace and disposal practices are in compliance with applicable laws and other governmental enactments. Seller assumes no obligation or liability for the
information in this document. NO WARRANTIES ARE GIVEN: ALL IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE ARE
EXPRESSLY EXCLUDED.
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1. Introduction

The need for polishing impurities from coolant in
reactor circuits became apparent with the
introduction of nuclear power in the 1950's. Since
then, ion exchange resins have played an important
part in nuclear power generation and the application
of special resins has continued to grow.

Nuclear power stations in the Americas, Europe and
Asia now operate with a number of Purolite resins.
Changes in nuclear reactor design by power utilities
around the world and in operations such as power
up-rates and reactor life extensions have fueled the
need for new resins with greater selectivity, higher
purity and improved filtration. The Purolite NRW
product range meets the latest published
requirements for the new generation of nuclear
power stations.

removal resin which provides enhanced filtration
which is needed to achieve increasing quality
requirements and meet new and existing discharge
specifications.

Purolite® NRW products allow power plants to
properly address needs in all areas of operations
including:

" Polishing requirements for makeup water
(MU)

" Deep bed condensate polishing (CP)
• Chemical volume control (CVCS) during

full power
0

0

Reactor water cleanup (RWC)
Radioactive waste cleanup

* Outage cleanup with high ionic loads and
fine colloids

* Steam generator blow down (SGBD)
recovery

* Spent fuel pool (SFP) cleanup

Nuclear grade resins required in nuclear power
systems must be free of trace contaminants that
may support chemical corrosion of system metals
and deposition within the plant which will impact
system life. Hence strict control of trace impurities is
essential. Additionally, resins must be manufactured
with high capacity and the highest achievable
degree of conversion to the desired ionic form in
order to ensure maximum ionic loading and
minimum equilibrium and kinetic leakage.

Bead integrity with both good resistance to osmotic
shock and high breaking weight is essential to
minimize attrition and pressure drop issues. Modern
nuclear power designs also expect resins to be
produced with an optimum particle size range. Such
resins are expected to result in minimum pressure
drop and minimum flow restriction helping to
optimize performance and achieving full utilization of
the resin bed. These characteristics allow power
stations to achieve the highest quality and operating
efficiency from their plants while minimizing the
generation of solid radioactive waste.

Purolite offers products for all nuclear demineralizer
applications, including both regenerable and non-
regenerable, separate bed and mixed beds products.
Equipment designers and end users should consult
the nearest Purolite Sales Office for assistance on
product selection.

Purolite continue to develop and upgrade the
"NRW" nuclear grade resins to meet or exceed the
standards set within the nuclear industry with regard
to purity, integrity and performance. Purolite NRW
products are manufactured at our three production
plants located in the USA, Europe and Asia. Each
manufacturing plant is fully accredited to
international standards for quality control at all
stages of production.

2. Nuclear Power Applications

The Purolite® NRW product range includes a
diverse collection of chemically and mechanically
stable cation, anion and mixed bed resins allowing
designers and end users to choose the optimum
product for their requirements. Most engineers think
of ion exchange only in terms of demineralization.
Purolite's view is more dynamic and we have
developed and introduced a nuclear grade colloid

NRW Bulletin 19012010
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3. Nuclear Grade Strong Acid Cation Resins
The Purolite range of nuclear grade strong acid
cation (SAC) resins comprises four products, three
gel and one macroporous resin. Gel resins are
designed to meet a variety of applications and

J •o include the cost effective and easily regenerable
Purolite NRWIOO0, the higher capacity, kinetically
efficient and more selective product Purolite
NRW1100 and, finally, Purolite NRWI160, the
highest cross linked gel resin available. Purollite
NRW1160 tolerates aggressive oxidizing
environments commonly found in spent fuel pools,
and also performs well as a very highly selective
polishing resin for high purity waters. Purolite
NRWI160 is not recommended for regenerable
applications.

Table 1 - Strong Acid Cation (SAC) Products for Nuclear Power Generation

Purolite Gel 1.8 51 - 55% 570 ± 50 pm < 1.2 Separate bed demineralization
NRWIO00* cation and radwaste

Purolite
NRW1100*

Purolite
NRWI160

Gel

Gel

2.0 46-50% 650 ± 50 pm

2.5 36-41% 625 ± 75 pm

2.1 43-48% 570 ± 50 pm

5 1.2 All nuclear plant applications
where cation resins are used

Polishing cation for high purity
5 1.2 water in secondary circuits and

layering on polishing mixed beds

Cation resin vessels or layering
$ 1.2 for added cation capacity

Purolite Macro
NRW1600*

*Nuclear Grade Cation resins also available in lithiated form
All the above Purolite NRW cation resins are shipped in the I-f form. Unless specified.

Purolite also offers a very special macroporous
cation resin, Purolite NRW1600, which is unique in
the industry. This macroporous, highly specialized
resin has a high loading capacity with good kinetics,
yet has high selectivity and is known for greater
loading of cesium, cobalt, nickel, and other metal
ions. This product is ideal for use during plant
outage for maintenance when special cleanup is
required as well as in some full power operations.

Purolite NRW1600 is also highly selective for
sodium in the presence of amines, therefore, making
it a highly effective resin for use in steam generator
blow down, allowing for longer service runs, minimal
sodium leakage and fewer resin changes during the
life of the power station.

Several nuclear grade cation resins are available in
natural lithium-6 or high purity lithium-7 form for
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primary coolant water pH control in (CVCS)
demineralizers (i.e. in PWR Power Stations).

4. Nuclear Grade Strong Base Anion Resins

Purolite nuclear grade strong base anion (SBA)
resins complement the selection of nuclear grade
cation resins, beginning with the Type I porous gel,
Purolite NRW4000, which provides an economic
polishing solution and is recommended for use in
regenerable systems (usually following a cation
column with Purolite NRWI000). Purolite
NRW6000 and Purolite NRW8000, two Type I non-
porous clear gel anion resins, offer increasingly
higher capacity than Purolite NRW4000, with
Purolite NRW8000 providing the highest capacity at
1.3 eq/I in the OH- form. These latter two resins offer

greater ionic loading, greater selectivity and
potentially longer operating life in non-regenerable
applications. These higher capacity anion resins
offer durability and solid performance in difficult
rigorous environmental conditions where selectivity
and good kinetics are essential. Purolite NRW6000
and Purolite NRW8000 are not recommended for
regenerable systems.

A high capacity macroporous anion resin, Purolite
NRW5050, is also available for use where specialty
amines surface fouling may contribute to premature
loss of kinetic performance. For example, prior to an
outage, Purolite NRW5050 can be used to remove
fouling precursors from the condensate stream or
boron from the circuit.

Table 2 - Strong Base Anion (SBA) Products for Nuclear Power Generation

Purolite Gel 1.0 48-54% 570 ± 50 pm < 1.2 Separate bed demineralizer
NRW4000 G anion and radwaste

Purolite
NRW6000

Purolite
NRWS000

Purolite
NRW5OI0

Purolite
N RW5050

Gel

Gel

Macro

Macro

1.1 43-48% 570 ± 50 pm

1.3 40-45% 570 ± 50 pm

0.4 70-75% 775 125 pm

0.9 53-58% 570 50 pm

S1.2 All nuclear plant anion
applications. Anion resin
vessels or underlay

<1.2 Extreme polishing applications
and underlay for sulfate
control

<5 1.8 Ultra polishing overlay for fine
colloidal particulate from
primary coolant and radwaste

<. 1.2 Anion for high organics water
and boron removal

Nuclear grade anion resins Purolite NRW6000 and Purolite NRW5050 are also available in boronated form.
All the above Purolite NRW Anion resins are shipped in the Off form. Unless specified.

5. Nuclear Grade Strong Base Anion Colloid
Removal Resin

The macroporous nuclear grade anion resin
Purolite NRW5OIO is a signature product that
functions, primarily, as a special polishing filter
media and, secondarily, as an ion exchange media.
This highly specialized macroporous resin removes
colloidal material, and has been successfully used in

removing radioactive isotopes (0.10 pm and smaller)
from primary coolant water. These colloidal
corrosion products, which do not settle and cannot
be filtered successfully by conventional media or
filter, will pass or plug conventional cartridges filters.
This will contribute significantly to resolve source
term and treatment difficulties. Purolite NRW5010
can be installed in its own unique unit or can be
layered on other cleanup beds during refueling
outages in conjunction with Purolite NRW1600, the
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macroporous cesium and cobalt selective SAC
resin, to enhance performance. The layered
approach can also be used with final polishing mixed
bed resins such as Purolite NRW3560 and Purolite
NRW3460. Purolite NRW5010 can also be used on
CVCS beds during full power, on reactor water and
spent fuel cleanup beds.

6. Nuclear Grade Mixed Bed Resins
Purolite nuclear grade mixed bed resins incorporate
the same diversity demonstrated in our range of
nuclear grade cation and anion resins. This allows
users to economically achieve conventional
polishing objectives, or to address the more rigorous
applications found in steam generator blow down,
condensate polishing, and spent fuel pool
demineralization.

The mixed bed products include the economical
Purolite NRW3240, a combination of gel SAC and
porous gel SBA, and Purolite NRW3260, a
combination of gel SAC and non-porous, clear SBA.
These products are recommended for use in
makeup and radwaste final polishing, and are used
in systems where regeneration may be required.
Purolite NRW3460 is recommended for polishing
applications where higher capacity and good kinetics
are required to control low level impurities such as in
RWC and CVCS. Purolite NRW3670 is a
combination of a very high capacity gel SAC and a
Type I non-porous clear gel anion for use in high
purity polishing systems such as BWR condensate
polishing and RWC.

Purolite NRW3540 and Purolite NRW3560 are
signature products of Purolite, incorporating a
combination of the macroporous SAC with either
porous or non-porous clear gel anion resins. These
products are well established in the industry and are
used in all demineralizers within the primary and
secondary systems especially CVCS, cleanup beds,
SFP, RWC, SGBD. Purolite NRW3550 consists of
macroporous SAC and macroporous SBA resins
and is used where anion resins require good kinetics
and resistance to potential organic fouling such as in
condensate polishing and radwaste treatment.

Purolite nuclear grade polishing mixed bed
components are combined in chemical equivalent
ratios (unless otherwise specified) for maximum
operating capacity. Other cation-to-anion ratios are
available on request for condensate polishing and
other specialty applications.

Purolite NRW3562 is a 2:1 ratio by volume (approx
4:1 equivalent) mixed bed resin composed of the
macroporous SAC and the non-porous, clear gel
anion and is designed for use in SGBD and special
polishing of radwaste streams

7. Purolite Services and Support

The Purolite field sales and support team is the
largest in the ion exchange industry. With extensive
worldwide coverage, via a network of fully supported
local sales offices, the technical support offered to
our clients is enhanced by production flexibility and
product availability. This has allowed Purolite to
become a leading resin producer for the worldwide
nuclear industry.

Purolite field sales and technical support teams are
available to assist with resin selection, product
application, plant problems troubleshooting,
optimizing efficiency and developing cost effective
solutions. Manufacturing and processing facilities
are globally positioned to assure security of supply
for safe and efficient nuclear plant operation. Global
sourcing contracts are in place to secure raw
materials along with confirmed secondary source of
supply. Quality control and assurance are backed by
the latest ISO 9001 certified operations and are
regularly audited by nuclear support organizations.
Continual assessment and updating of testing
facilities and methodology is addressed across all
manufacturing and processing areas. Worldwide
research laboratories support quality control and
state of the art manufacturing.
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Table 3 - Mixed Bed (MB) Products for Nuclear Power Generation

-aeeq/ -/ Ratio

Purolite Makeup demineralization
NRW3240* 1.8 1.0 1:1 gel/gel and radwaste
PuroliteNRW3260" 1.8 1.1 1:1 gellgel Primary polishing and

radwaste

PuroliteNRW3460" 2.0 1.1 1:1 gellgel Primary polishing and
cleanup systems

Purolite Primary polishing and

NRW3540* 2.1 1.0 1:1 macrolgel cleanup systems, steam
generator blow down
demineralization

Primary polishing and

Purolite cleanup systems, steam

NRW3550* 2.1 0.9 1:1 macrolmacro generator blow down
demineralization. For
high organics water and
boron removal

Primary polishing and
Purolite 2.1 1.1 1:1 macro/gel layered cleanup systems,
NRW3560* steam generator blow

down and spent fuel pool
demineralization.

Purolite 2:1 VolumeNRW3562 2.1 1.1 Ratio macrolgel Steam generator blow
down, radwaste cleanup

Purolite High purity condensate
NRW3670* 2.5 1.15 1:1 gellgel polishing, reactor water

cleanup

*Nuclear Grade Mixed Beds also available with the cation component in the lithiated form.
All the above Purolite NRW Mixed Bed resins are shipped in the H'/OH-f form. Unless specified
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Glossary
Acronyms:

BWR Boiling Water Reactor
CP Condensate Polishing
CVCS Chemical Volume Control System
MB Mixed Bed
MU Makeup
NRW Nuclear Grade Resin
PWR Pressurized Water Reactor
RWC Reactor Water Cleanup
SAC Strong Acid Cation
SBA Strong Base Anion
SFP Spent Fuel Pool or Pond
SGBD Steam Generator Blow Down

Purolite was founded in 1981 and is a leading manufacturer of ion exchange, catalyst, adsorbent and specialty
resins. Headquartered in Bala Cynwyd, PA, the company has ISO-9001 certified manufacturing facilities in the
USA, China, and Romania and operates dedicated R&D centers in the USA, China, Romania, Russia, and the
UK. Purolite, the only company focused exclusively on the ion exchange market, has 40 sales offices in more
than 30 countries.

Please call one of the main regional offices on the following page to obtain full contact details for the nearest

Purolite office responsible for your area.

Purolite® is a registered symbol of The Purolite Company

NRW Bulletin 19012010 7



Americas
The Purolite Company
150 Monument Road
Bala Cynwyd, PA 19004 USA
Tel +1 610 668 9090
Tel +1 800 343 1500
Fax +1 610 668 8139

Europe
Purolite International Ltd
Liantrisant Business Park
Llantrisant, Wales
CF72 8LF
UK
Tel +44 1443 229334
Fax +44 1443 227073

Asia Pacific
Purolite (China) Co ltd
Building D-705
No. 122 Shuguang Road
Hangzhou, Zhejiang
China, 310007
Tel +86 571 87631382
Fax +86 571 87631385

For further information on Purolite products & services
visit www.purolite.com
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(ED Pall Corporation Ultipor® GF Plus Series
Filter Elements

Description

Ultipor" GF Plus filters have a pleated high area
construction for long service life. The medium uses a
binder resin which coats the glass fibers, imparting a
positive zeta potential in aqueous service. The resin also 4

bonds the glass fibers to a polyester substrate, producing
a rugged composite medium. Applications for such
filters are numerous as most suspensions are negatively

charged in aqueous solution. including not only particles
but bacteria and viruses. Some Ultipor GF Plus filter
grades efficiently remove sub-microscopic haze from a
wide variety of pharmaceuticals and cosmetics, including
colognes.

Ultipor GF Plus filters have a fixed pore construction
which precludes unloading or media migration.

Ultipor GF Plus elements with polypropylene hardware in
a double open-ended UNI CAP configuration are rated
to withstand differential pressures of 5.2 bard (75 psid)
@ 38°C (100'F) and 3.1 bard (45 psid) @ 82°C (180'F).

When constructed in a single open-ended AB
configuration, the element can withstand differential
pressures of 5.2 bard (75 psid) @ 27C (80$F) and

3.8 bard (55 psid) up to 82°C (1 80$F).

Filtration. Separation. Solution.,
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Removal ratings
Cartridge Grade Liquid Service3  Aqueous Clean Pressure Drop Typical Aqueous Flow

Rating in Microns at % Efficiency Per 25.4 cm (10 in) Module Per 25.4 cm (10 in) Cartridge
99% 99.98% (MBARD/LPM) / (PSID/GPM)4 (LPM/GPM)

U010Z 0.62 1 3.09/0.17 7.6 - 11.4 / 2-3

U2-20Z 0.82 2 2.55/0.14 7.6 - 11.4 / 2-3

UO30Z 2.0 3 1.82/0.10 7.6- 11.4/ 2-3

U6-40Z 3.2 6 0.91 / 0.05 11.4 - 18.9 / 3-5

U100Z 6.0 10 0.55/0.03 11.4 - 18.9 / 3-5

U20OZ 17.0 20 0.36/0.02 11.4 - 18.9 / 3-5

U40OZ 25.0 40 0.27/0.015 15.1 - 26.5 / 4-7

Ordering Information

DOE - Pall Part Number = PUY r-[] Mi

SOE- Pall Part Number = AB[-l F2] M [5

Housing Information
Housings are available in
either polypropylene,
carbon steel, or stainless
steel and can accommodate
1 to 152, 10 in modules
per housing.

Table 1

Code Cartridge
lengths (cm/in)

10 25.4/10
20 50.8/20

30 76.2/30

40 102/40

Table 2

Code Cartridge

U010z U010Z
U2-20Z U2-20Z

U030Z U030Z

U6-40Z U6-40Z

U100Z U100Z

U20OZ U20OZ

U40OZ U40OZ

Table 3

Code Gasket
option

j Ethylene
propylene (std)

H13 Nitrile
H Fluorocarbonelastomer

Table 5

Code 0-ring
option

JH4 Silicone

H Fluorocarbon
elastomer

J Ethylene
propylene

Table 4

Code End Fittings

0-ring fitting 0-ring
I.D. (In) replacement size

3,8 1 ¼ -222

7 1)4 -222

1 These grades are particularly useful as prefilters. in addition to providing absolute removal efficiency.
2 Extrapolated valLie.

3 Liquid service ratings are based on a modified OSU F-2 protocol for recording removal efficiency based on particle
counting techniques.

I Pressure drop in MBARD/LPM (PSID/GPM) for water for a single 25.4 cm (10 in) module. Multiply this value by the
required flow to determine the total aqueous pressure drop. Next, for fluids other than water, multiply by viscosity in
centipoise. If this calculated pressure drop is excessive, then divide this value by the number of 25.4 cm (10 in) modules
required to reduce this pressure drop to an acceptable level.

E PALLD.
ENABLING A

GREENER
FUTURE.

Pall Corporation

Fuels and Chemicals

25 Harbor Park Drive
Port Washington, NY 11050
+1 516 484 3600 telephone
+1 888 873 7255 toll free US

Portsmouth - UK
+44 (0)23 9230 3303 telephone
+44 (0)23 9230 2507 fax
processuk@pall.com

Filtration. Separation. Solution.sm

Visit us on the Web at www.pall.com
Pall Corporation has offices and plants throughout the world. For Palt representatives in your
area, please go to www.pall.com/contact.

Because of technological developments related to the products, systems, and/or services
described herein, the data and procedures are subject to change without notice. Please
consult your Pall representative or visit www.pall.com to verity that this intormation remains
valid.

* Copynght 1989, 2011. Pall Corporation. Pall. ( and Ultilpor are trademarks of Pall Corporation.
* indicates a trademark registered in the USA. Filtration. Separation. Solution... and ENABLING A
GREENER FUTURE are sprvice marks of Pall Corporation.

EVe Prd-uced in ile USA September 2011
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DT-10 SERIES CARBON

RECOMMENDED

BASE MATERIAL

ACTIVATION METHOD

ADSORPTION
CHARACTERISTICS

ADSORPTION
CAPACITY t1ITM ,D-5467

PARTICLE SIZE
jI§TI'1 D-2862

HARDNESS
'Tl•'TM 4P-5802

BULK DENSITY

ASH CONTENT

MOISTURE CONTENT
11Il'| TI0~2667

REACTIVATION

PACKAGING

PRODUCT TECHNICAL BULLETIN
Revised 1/98 Page 1 of 1

PRODUCTS DT-1OF, DT-10M, DT-OC

Liquid purification, aqueous and non-aqueous solutions. Chlorine
APPLICATIONS removal, deodorizing, decolorizing, and elimination of
undesirable tastes. Removal of lignins and tannins from water.

Natural grain, coconut shell carbon

High temperature steam

Good efficiency and capacity for removal of trace contaminants
from water and liquid

65% carbon tetrachloride

DT-10F DT-10M
50 x 100 mesh 30 x 50 mesh

DT-10C
12 x 30 mesh

95% minimum by ball abrasion test

Approx. 0.49 - 0.56 g/ml (31-35 Ibs/cu.ft.), as packed

5% maximum

5% maximum, by weight as packed

Can be reactivated after drying

50 lb. (22.7 kg) net weight, 51 lb. (23.2 kg) gross weight,
multi-wall paper bag

Diversified Technologies Services, Inc.
2680 Westcott Blvd., Knoxville, TN 37931 PHN 865-539-9000 FAX 865-539-9001 E-Mail info@dts9000.com



DT-10 & DT-11 SERIES CARBON PRODUCTS
DT-IOXF, DT-10F, DT-10M, DT-10C
DT-11XF, DT-11F, DT-1IM, DT-11C

MATERIAL SAFETY DATA SHEET
Revised 10/21/99 Page 1 of 2

Diversified Technologies PHONE 865-539-9000

2680 Westcott Blvd.. Knoxville, TN 37931

I . PRODUCT IDENTIFICATION

Product ........................................................

Chem ical Name ..........................................

DT-1OXF, DT-1OF, DT-1OM, DT-1OC,
DT-11XF, DT-1IF, DT-1IM, DT-11C Carbon
Activated Carbon

II. HAZARDOUS INGREDIENTS

None - Exposure should be treated as any nuisance dust particulates (5 mg cu. meter
Respiratory TWA. Total exposure not to exceed 15 mg per cu. meter).

Ill. PHYSICAL DATA

A.
B.
C.
D.
E.
F.
G.
H.
1.

Boiling Point .......................................
Melting Point ......................................
Specific Gravity ..................................
Vapor Pressure ..................................
Vapor Density .....................................
Solubility in W ater ..............................
Evaporation Rate ...............................
Appearance ........................................
Odor ....................................................

Not Applicable
Not Applicable
1.8-2.1
Not Applicable
Not Applicable
Insoluble
Not Applicable
Black Granules or Powder
None

IV. HEALTH HAZARD DATA

A. Eyes: Particles may cause irritation of the eye.

V. FIRST AID PROCEDURES

A. Eyes: As with any particulate, flush with water for at least 15 minutes.

VI. FIRE AND EXPLOSION HAZARD DATA

A. Flash Point: None, Non-flammable

B. Unusual Fire and Explosion Hazards: Contact with strong oxidizers such as ozone or liquid
oxygen may cause rapid combustion.

C. Special Fire Fighting Procedures: Exercise caution when responding to any chemical fire.
Respiratory protection is essential.
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VI. FIRE AND EXPLOSION HAZARD DATA Cont'd

D. Extinguishing Media: In case of fire, may use foam, C0 2 , or dry chemical.

VII. REACTIVITY DATA

A. Stability: Stable
B. Conditions to Avoid: None
C. Incompatibility: Avoid Contact With: N/A
D. Hazardous Decomposition or Byproducts: N/A
E. Hazardous Polymerization: Will not occur

VIII. SPILL OR LEAK PROCEDURES

A. Steps to be taken in case material is spilled: Sweep up spill and discard in protected
refuse container.

B. Waste Disposal Method: Dispose in accordance with local, state, and federal regulations.
No precautions required for disposal of shipping containers.

IX. SPECIAL PRECAUTIONS

A. Avoid contact with eyes.

B. Dehydrating product; wear gloves while handling.

C. Wet activated carbon depletes oxygen from air. Whenever workers enter a vessel
containing carbon, all precautions must be taken, since dangerously low levels of oxygen
may be encountered. Atmosphere sampling and work procedures for potentially low
oxygen areas should be followed.

X. SPECIAL PROTECTION INFORMATION

A. Eye Protection: Safety goggles or glassed recommended.

B. Protective Gloves: Recommended.

C. Respiratory Protection: Standard protection against dust: particulate respirator.

D. Ventilation: No special requirement

THE INFORMATION HEREIN IS GIVEN IN GOOD FAITH,
BUT NO WARRANTY, EXPRESS OR IMPLIED, IS MADE.



PRODUCT TECHNICAL BULLETIN
Revised 6/11/90 Page 1 of 1

DT-20 & DT-20NDT-20 SERIES CATION RESIN
(Nuclear Grade)

PRODUCT DESCRIPTION

DT-20 and DT-20N are premium grade cation
exchangers that can be used in water demin-
eralization. These materials are produced
using a crosslinked styrene divinylbenzene
polymer matrix with 8% crosslinking.

Bead stability and a minimum of 95% whole
clear beads make these media premium grade
gels, without the added cost of buying an
upgraded cation product. The data presented
herein are applicable for hydrogen cycle cation
exchange operation only.

TYPICAL CHEMICAL AND PHYSICAL CHARACTERISTICS

Polymer Structure .................................... Polystyrene crosslinked with divinylbenzene
Functional Groups ................................... R-SO 3-
Physical Appearance .............................. Clear Spherical Beads
Ionic Form (as shipped) ......................... Hydrogen
Screen Size, U.S. Std. Mesh (Wet) ....... 16-45
Particle Size .............................................. +16 mesh <5%, -40 mesh <1%
Water Retention ....................................... 49-55%
pH Lim itations .......................................... N one
Temperature Limitations ......................... 280°F (1400C)
Whole Bead Count .................................. 95% minimum
Shipping Weight ...................................... 50 Ibs./ft3 (800 g/l)
Total Capacity .......................................... 1.9 meq/ml Minimum Volumetric

4.9 meq/gm Minimum Weight
Standard Packaging ................................ 5 ft3 double polyethylene-lined fiber drums
D.V.B Content ..................................... 8%
C olor .......................................................... B lack or am ber

STANDARD OPERATING CONDITIONS

fl3n~r~tinn I~tc. nh tifin F~Ai,, Arn=ni m

0 erati- hAin"t- A--fRate

Service 1-5 gpm/ft3 Influent Water

Backwash

Regeneration

Rinse (slow)
Rinse (fast)

3-5 gpm/ft2
(40-60-F)

Influent Water

0.2-0.8 gpm/ft3 0.5-5% H2 SO4
4-10% HCL

0.2-0.8 gpm/ft3 Decationized
1-5 gpm/ft3 Decationized

5-20

30

60
30

10-25 gal/ft
3

4-10 lbs.

20 gal/ft
3

30 gal/ft
3

Backwash Expansion - 50-75% Design Rising Space - 100%

Diversified Technologies Services, Inc.
2680 Westcott Blvd., Knoxville, TN 37931 PHN 865-539-9000 FAX 865-539-9001 E-Mail info@dts9000.com



DT-20 SERIES CATION RESIN
DT-20 & DT-20N (Nuclear Grade)

MATERIAL SAFETY DATA SHEET
Revised 11/4/02 Page 1 of 2

Diversified Technologies PHONE 865-539-9000
2680 Westcott Blvd., Knoxville, TN 37931

1. PRODUCT IDENTIFICATION

Product ........................................................ DT-20 & DT-20N Resins
Chemical Name .......................................... Strong Acid Cation Exchange Resin

II. HAZARDOUS INGREDIENTS

None

Ill. PHYSICAL DATA

A.
B.
C.
D.
E.
F.
G.
H.
I.

Boiling Point .......................................
Melting Point ......................................
Specific Gravity ..................................
Vapor Pressure ..................................
Vapor Density .....................................
Solubility in W ater ..............................
Evaporation Rate ...............................
Appearance ........................................
O d o r ....................................................

Not Applicable
Not Applicable
1.26
Not Applicable
Not Applicable
Insoluble
Not Applicable
Amber to mahogany spherical beads
Odorless

IV. HEALTH HAZARD DATA:

A. Eyes: Particles may cause irritation of the eye.

V. FIRST AID PROCEDURES

A. Eyes: Flush with large amounts of water for at least 15 minutes. Consult physician
if irritation persists.

VI. FIRE AND EXPLOSION HAZARD DATA

A. Flash Point: None

B. Unusual Fire and Explosion Hazards: None

C. Special Fire Fighting Procedures: Wear MSHA/NIOSH approved, pressure
demand, self-contained breathing apparatus.

D. Extinguishing Media: C0 2 , dry chemical, water fog
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VII. REACTIVITY DATA

A. Stability: Stable

B. Conditions to Avoid: Avoid temperatures over 2200C, (4280F).

C. Incompatibility: Avoid Contact with: Concentrated nitric acid or strong oxidizing
agents.

D. Hazardous Decomposition or Byproducts: SO 2, SO 3, CO, C02, styrene monomer,
divinylbenzene

E. Hazardous Polymerization: Will not occur

VIII. SPILL OR LEAK PROCEDURES

A. Steps to be Taken in Case Material is Spilled: Resin beads on floor will
mechanically cause the floor to be slippery. Use care to avoid falls. Sweep up and
transfer to containers for recovery or disposal.

B. Waste Disposal Method: This material can be disposed of as ordinary trash.

IX. SPECIAL PRECAUTIONS

A. Store below 49'C (120')F and above 00C (320F)

B. Keep drums and plastic bag liners sealed to prevent drying or moisture loss.

X. SPECIAL PROTECTION INFORMATION

A. Eye Protection: Safety glasses (ANSI Z87.1)

B. Protective Gloves: None

C. Respiratory Protection: None

D. Ventilation: Local exhaust - normal plant ventilation

THE INFORMATION HEREIN IS GIVEN IN GOOD FAITH,
BUT NO WARRANTY, EXPRESS OR IMPLIED, IS MADE.



PRODUCT TECHNICAL BULLETIN
Revised 11/8/12 Page 1 of 1

DT-30 EXCHANGER

PRODUCT DESCRIPTION

DT-30 Ion Exchanger is an alkali metal alumino
silicate primarily of the chabazite structure type
supplied in the mixed ionic (Na+, Mg++, Ca++)
form.

TYPICAL APPLICATION

DT-30 Ion Exchanger has been found to be
effective for recovery and storage of
radionuclides, and for cation exchange from acid
solutions.

TYPICAL CHEMICAL AND PHYSICAL CHARACTERISTICS

Particle Size ..............................................
Pore Openings .........................................
Ion Exchange Capacity ...........................

Bulk Density
Hydrated, packed .............................
BS&D Density (hydrated) .................

Mesh (20 X 50)
3.7 X 4.2A and 2.6A
2.0 - 2.5 meq/gm (anhydrous)

46 lbs/cu.ft. (740 kg/cu.m.)
38 lbs/cu.ft. (610 kg/cu.m.)

H20 Content

Hydrated ............................................ 12- 17 wt. %

REGENERATION

Typically, regeneration may be accomplished
by the use of NaCl solution as the
regenerating fluid.

PROCESS FLOW CONDITIONS

Flow conditions:
1-2 gpm/ft3

3-6 gpm/ft2

Media Limitations:
Di- and tri-valent cations will reduce the
total capacity of the media. Removal
using softening techniques such as IX or
nano filtration to extend the life if these
are present. Mono-valent cations have
little or no effect on the media unless
very high concentrations are present.

Diversified Technologies Services, Inc.
2680 Westcott Blvd., Knoxville, TN 37931 PHN 865-539-9000 FAX 865-539-9001 E-Mail info@dts9000.com



MATERIAL SAFETY DATA SHEET
Revised 918104 Page 1 of 4

Diversified Technologies PHONE: 865-539-9000
2680 Westcott Blvd., Knoxville, TN 37931

DT-30 EXCHANGER

I. PRODUCT IDENTIFICATION

PRODUCT .............................................................
Chem ical Nam e .....................................................
F o rm u la .................................................................
Chem ical Fam ily ....................................................

DT-30 Ion-Exchanger (inorganic)
Metal oxide
Proprietary
Inorganic Oxide

HMIS T
', Rating

HAZARD RATING SCALE
Health 1 4 - Extreme
Flammability 0 3 - High
Reactivity 0 2 - Moderate
Special - 1 - Slight

0 - Insignificant

II. HAZARDOUS INGREDIENTS

Material
(CAS #) Wt(%i) 1984-85 ACGIH TLV-TWA (OSHA-PEL)

Sodium Oxide

Silicon Oxide
(7631-86-9)

Aluminum Oxide
(1344-28-1)

Calcium Oxide
(1305-78-8)

Iron Oxide
(1309-37-1)

Magnesium Oxide
(1309-48-4)

Potassium Oxide
(12136-45-7)

<5 None currently established
(None currently established)

<65
10 mg/mr3 Total Dust (20 mppcf)
5 mg/m 3 Respirable Dust
(None currently established)

Nuisance Particulate (Nuisance Dust)
10 mg/m 3 mg/m3 Total Dust (15 mg/m3 Total Dust)
5 mg/m 3 Respirable Dust (5 mg/m3/Respirable fraction)

2 mg/m 3 (5 mg/m 3)

<40

<10

5 mg/m 3 Respirable Fume
<5 (none currently established)

10 mg/m 3 Respirable Fume
<5 (none currently established)

None currently established
<5 (None currently established)
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III. PHYSICAL DATA

A. Boiling Point ....................................... Not Applicable
B. Freezing Point .................................... Not Applicable
C . Specific G ravity .................................. 1.1
D. Vapor Pressure .................................. Not Applicable
E. Vapor Density ..................................... Not Applicable
F. Solubility in W ater .............................. Not Applicable
G. % Volatiles by Volume ...................... Not Applicable
H. Evaporation Rate ............................... Not Applicable
I. Appearance ......................................... Mesh (granules) or powder
J. O dor ..................................................... O dorless
K. pH Range ............................................ 8-11 (in aqueous slurry)

IV. HEALTH HAZARD DATA

3

Threshold Limit Value: 5mg/m (ACGIH 1984-85) for respirable dust.

A. Eyes: May cause irritation and seen and excess redness of the conjunctiva.

B. Skin Contact: May cause irritation and reddening. Ski absorption: No evidence of adverse
effects from available information.

C. Inhalation : May cause irritation of the nose and throat, accompanied by cough and chest
discomfort. Prolonged inhalation may cause lung damage. Breathing of dust may aggravate
asthma and inflammatory or fibrotic pulmonary disease.

D. Ingestion: No evidence of adverse effects from available information.

V. FIRST AID PROCEDURES

A. Eyes: Eye - Flush eyes with water for 15 minutes.

B. Skin: Wash with soap and water.

C. Inhalation: Inhalation - Remove to fresh air.

D. Ingestion: If ingested in large quantities, drink 2 glasses of water. Induce vomiting if the
patient is conscious.

E. Note to Physician: This product is a desiccant and generates heat as it absorbs water. The used
product can contain material of a hazardous nature. Identify that material and treat accordingly.



MSDS
DT-30 EXCHANGER Page 3 of 4

VI. FIRE AND EXPLOSION HAZARD DATA

A. Flash Point: Does not burn

B. Unusual Fire and Explosion Hazards: In their fresh unused state, molecular sieves are not
flammable. When exposed to water, however, they can get quite hot. When first wetted they
can heat to the boiling point of water. Flooding will reduce the temperature to safe limits.

C. Special Fire Fighting Procedures: Depends on the use of the material. Used material may
contain products of a hazardous nature. The user of this product must identify the hazards of
the retained material and inform the fire fighters of these hazards.

D. Extinguishing Media: Unused material will not burn. Use media appropriate for
surrounding fire.

VII. REACTIVITY DATA

A. Stability: Stable

B. Conditions to Avoid: Moisture (water) can cause rise in temperature which may result in burn.

C. Incompatibility: Avoid Contact with: Sudden contact with high concentrations

D. Hazardous Decomposition Products: Hydrocarbons and other materials that contact the
molecular sieve during normal use can be retained on the sieve. It is reasonable to expect that
decomposition products will come from these retained materials of use. The molecular sieve itself
does not readily decompose unless subjected to extreme temperature or chemical conditions. If
such decomposition did occur, product would include the mix of oxides listed in Section II.

E. Hazardous Polymerization: Will not occur

VIII. SPILL OR LEAK PROCEDURES

A. Steps to be Taken in Case Material is Spilled: Sweep the spill area, collect and place the
spilled material in a waste disposal container. Avoid raising dust.

B. Waste Disposal Method: Discard any product, residue, disposable container or liner in an
environmentally acceptable manner, in full compliance with federal, state and local regulations.
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IX. SPECIAL PRECAUTIONS

A. As shipped, contents can become hot when first exposed to water. Prior to handling, saturate
with water as follows:

1. Pour contents of one pint can into open tray to about 1/4" depth and place in humidity chamber
with several open trays of water for 24 hours. The water trays should contain a total of at least 100
ml of water. (This procedure is recommended for batch ion-exchange); or,

2. Pour contents of one pint can into at least two (2) pints of distilled water contained in PYREX
beaker and allow to cool to ambient temperature.

B. Caution: Causes eye irritation. Breathing dust may be harmful. May cause skin irritation.
Open container slowly to avoid dust. Do not get in eyes. Avoid breathing dust and prolonged
contact with skin. Use with adequate ventilation. Keep container closed. Wash thoroughly after
handling. Do not ingest.

C. Before using, you should know the hazards of the products to be adsorbed on the molecular
sieve. The products could be flammable or toxic. You should know and follow all the safety
precautions related to the adsorbed products.

X. SPECIAL PROTECTION INFORMATION

A. Eye Protection: Safety glasses or goggles as per OSHA 20 CFR 1910.133.

B. Protective Gloves: Recommended

C. Respiratory Protection: Where there is excessive dustiness, wear a respirator selected
as per OSHA 29 CFR 1910.134 and approved by NIOSH/MSHA.

D. Ventilation: Local exhaust - as appropriate to minimize dust.

E. Other Protective Equipment: Eyewash Fountain

THE INFORMATION HEREIN IS GIVEN IN GOOD FAITH,
BUT NO WARRANTY, EXPRESS OR IMPLIED, IS MADE.



PRODUCT TECHNICAL BULLETIN
Revised 9/12/07 Page 1 of 1

DT-47EXCHANGER

PRODUCT DESCRIPTION

DT-47 Ion Exchanger is a metal oxide form.

TYPICAL APPLICATION

DT-47 Ion Exchanger has been found to be
effective for recovery and storage of antimony
and some other radionuclides.

TYPICAL CHEMICAL AND PHYSICAL CHARACTERISTICS

Particle Size .............................................. M esh (20 X 50)
Ion Exchange Capacity ........................... >1.0 meq/gm (anhydrous)

Bulk Density
As shipped ........................................
Hydrated, packed .............................
BS&D Density (hydrated) .................

H2 0 Content
As shipped ........................................
Hydrated ............................................

40 Ibs/cu.ft. (640 kg/cu.m.)
46 lbs/cu.ft. (740 kg/cu.m.)
38 Ibs/cu.ft. (610 kg/cu.m.)

1 - 10wt. %
12- 17wt. %

Diversified Technologies Services, Inc.
2680 Westcott Blvd., Knoxville, TN 37931 PHN 865-539-9000 FAX 865-539-9001 E-Mail info@dts9000.com



DT-47A Antimony Selective Ion Exchanae Sorbent

MATERIAL SAFETY DATA SHEET
Revised 8/11/04 Page 1 of 2

Diversified Technologies Services, Inc.

2680 Westcott Blvd., Knoxville, TN 37931
PHONE 865-539-9000

I II

1. PRODUCT IDENTIFICATION

Product ........................................................
Chem ical Nam e ..........................................

DT-47A Ion Exchange Sorbent
Proprietary Metal Oxide

II. INGREDIENTS

Proprietary

III. PHYSICAL DATA

A.
B.
C.
D.
E.
F.
G.
H.

Boiling Point .......................................
M elting Point ......................................
Specific G ravity ..................................
Vapor Pressure ..................................
Evaporation Rate ...............................
Solubility in W ater ..............................
Appearance ........................................
Odor ....................................................

Not Applicable
> 3000°F
1.3 to 1.5
Not Applicable
Not Applicable
Insoluble
Brown Crystalline Granules
None

IV. HEALTH HAZARD DATA

A. May cause irritation to the skin, eyes, and respiratory tract.
B. All materials present a risk by inhalation and should be treated as a nuisance dust, as

specified by the American Conference of Governmental Industrial Hygienists (ACGIH).

V. FIRST AID PROCEDURES

A. Inhalation: Special precautions should be exercised when handling material to
reduce or eliminate the possibility of exposure by inhalation of airborne
particles. If exposure by inhalation occurs, remove to fresh air and seek
medical attention immediately.

B. Skin: If contact with skin occurs, wash skin with a mild soap and warm water.
C. Eye: Mild to moderate irritation may occur due to contact with eyes. If contact

occurs, irrigate affected eye(s) with copious amounts of sterile water to
avoid further irritation. If irritation persists, seek medical attention
immediately.

VI. FIRE AND EXPLOSION DATA

A. Flash Point: N/A
B. Auto-ignition: N/A
C. Flammability Limits in air: N/A
D. Unusual Fire and Explosion Hazards: Product is nonflammable. Not an explosion

hazard.
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VII. REACTIVITY DATA

A. With water: Small exotherm
B. With air: None
C. With heat: None
D. With strong oxidizers: None

VIII. SPILL OR LEAK PROCEDURES

A. Steps to be Taken in Case Material is Spilled: Vacuum or sweep up spills; avoid
dusting. Collect in containers or bags. Consult federal, state, and local regulations to
determine proper disposal procedures.

B. RCRA Hazardous Waste No. N/A material is non-hazardous per 40 CFR 261.

IX. SPECIAL PRECAUTIONS

A. Chemical substance components have been reported to the EPA Office of Toxic
Substances in accordance with the requirements of the Toxic Substances Control Act
(Title 40 CFR Part 710).

B. SARATITLE III

311/312 Hazardous Categories: Adverse effect to target organs
313 Reportable Ingredients: None

X. SPECIAL PROTECTION INFORMATION

A. Eye Protection: Use safety glasses with side shields and/or chemical goggles.

B. Ventilation: Use adequate ventilation to meet the exposure limits as listed in Section II.

C. Respiratory Protection: Where the exposure limit is or may be exceeded, use NIOSH
approved respiratory protection. Select the appropriate respiratory device (dust
respirator, dust eliminating masks, etc.) based on actual or potential airborne
contaminants and their concentrations present.

THE INFORMATION HEREIN IS GIVEN IN GOOD FAITH,
BUT NO WARRANTY, EXPRESS OR IMPLIED, IS MADE.



PRODUCT TECHNICAL BULLETIN
Revised 7/30/90 Page 1 of 1
DT-60 SERIES ANION
RESIN
(Nuclear Grade)

DT-60 & DT-60N

Capacity

Water Retention

Percent Conversion

Percent Chlorides

Particle Size
+16 Mesh
-50 Mesh

Heavy Metal Content
(Dry Weight)

Iron
Copper
Lead
Sodium

Friability

1.2 meq/ml

60% maximum

90 minimum, or as requested

3 maximum, or as requested

2% maximum
0.5% maximum, or as requested

50 ppm
20 ppm
20 ppm
50 ppm

350 gram average

Diversified Technologies Services, Inc.
2680 Westcott Blvd., Knoxville, TN 37931 PHN 865-539-9000 FAX 865-539-9001 E-Mail info@dts9000.com



MATERIAL SAFETY DATA SHEET

DT-20160 MIXED BED RESIN
Revised 12/12/12 Page 1 3o 2

Diversified Technologies PHONE 865-539-9000
2680 Westcott Blvd., Knoxville, TN 37931

1. PRODUCT IDENTIFICATION

Product ........................................................
Chem ical Nam e ..........................................

II1. HAZARDOUS INGREDIENTS

None

DT-20160 Resin
Mixed Bed Strong Acid Cation/
Strong Base Anion Resin

ITY 0

II1. PHYSICAL DATA

A.
B.
C.
D.
E.
F.
G.
H.
I.
J.

Boiling Point ......................
Melting Point ......................................
Specific Gravity ..................................
Vapor Pressure ..................................
Vapor Density .....................................
Solubility in W ater ..............................
Evaporation Rate ..............................
Appearance ....................................
O d o r ....................................................
p H ........................................................

Not Applicable
Not Applicable
1.2
Not Applicable
Not Applicable
Insoluble
Not Applicable
Amber spherical beads
Odorless
Aqueous Slurry 5-7

IV. HEALTH HAZARD DATA:

A. Eyes: Like other foreign bodies, particles may cause irritation of the eye.

V. FIRST AID PROCEDURES

A. Eyes: Flush with large amounts of water for at least 15 minutes. Consult
physician if irritation persists.

VI. FIRE AND EXPLOSION HAZARD DATA

A. Flash Point: None

B. Flammable Limits: Auto/Ign. 427°C/8000 F (Estimated)

C. Unusual Fire and Explosion Hazards: None

D. Special Fire Fighting Procedures: Wear MSHA/NIOSH approved, pressure
demand, self-contained breathing apparatus.

E. Extinguishing Media: CO 2, dry chemical, water fog
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VII. REACTIVITY DATA

A. Stability: Stable

B. Conditions to Avoid: Avoid temperatures over 220'C, (428'F)

C. Incompatibility: Avoid Contact with: Concentrated nitric acid or strong
oxidizing agents

D. Hazardous Decomposition or Byproducts: SO 2 , SO 3 , CO, CO 3, styrene
monomer, divinylbenzene

E. Hazardous Polymerization: Will not occur

VIII. SPILL OR LEAK PROCEDURES

A. Steps to be Taken in Case Material is Spilled: Resin beads on floor will
mechanically cause the floor to be slippery. Use care to avoid falls. Sweep up
and transfer to containers for recovery or disposal.

B. Waste Disposal Method: This material can be disposed of as ordinary trash.

IX. SPECIAL PRECAUTIONS

A. Store below 490C (120 0)F and above 0°C (320F)

B. Keep drums and plastic bag liners sealed to prevent drying or moisture loss.

X. SPECIAL PROTECTION INFORMATION

A. Eye Protection: Safety glasses (ANSI Z87.1)

B. Protective Gloves: None

C. Respiratory Protection: None

D. Ventilation: Local exhaust - normal plant ventilation

THE INFORMATION HEREIN IS GIVEN IN GOOD FAITH,
BUT NO WARRANTY, EXPRESS OR IMPLIED, IS MADE.



MATERIAL SAFETY DATA SHEET
Revised 7/18/90 Page 1 of 4

DT-70 SERIES TREATED CARBON PRODUCTS
Diversified Technologies PHONE 865-539-9000
2680 Westcott Blvd., Knoxville, TN 37931

I. PRODUCT IDENTIFICATION

P ro d u ct ........................................................
C hem ical N am e ..........................................

DT-70 Cobalt Selective Carbon Product
Treated (Impregnated) with Carbon Base

I1. COMPOSITIONAL INFORMATION

Material
(CAS #)

Activated Carbon
(CAS 7440 44 0)
(U.N. 1362)

Wt(%) TLV (ADGIH)

85-95 Not Listed*

* Product normally contains 5-15% treatment solution. Composition of this solution is a trade secret.

II1. PHYSICAL DATA

A.
B.
C.
D.
E.

F.
G.

H.
I.

Boiling Point .......................................
Specific Gravity ..................................
Vapor Pressure ..................................
Vapor Density .....................................
Solubility ..............................................

p H ........................................................
% Volatile by Volume ........................

Appearance ........................................
O d o r ....................................................

NA
400-600 g/I
(mmHg at 200C): 0
NA
Carbon insoluble in water and
organic solvents, treatment
solution soluble in water
NA
<5% (proprietary treatment solution
only)
Black granules or powder
No taste or odor

IV. HEALTH HAZARD DATA:

A. General: No toxicity data are available. Physical and chemical properties of activated
carbon are used for the health hazard assessment.

B. Carcinogenicity: Activated carbon is not listed in the National Toxicology Program
(NTP) Annual report on carcinogens, nor has it been found to be a potential
carcinogen in the International Agency for Research on Cancer (IARC) monographs,
or by OSHA. The same is true for the proprietary treatment solution.
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IV. HEALTH HAZARD DATA Cont'd:

C. Eyes: This material will probably cause physical irritation and injury if contact is made
with human eyes.

D. Skin Contact: This material can be a primary irritant on human skin with allergenic
reactions.

E. Skin Absorption: Activated carbon is not known to be absorbed through the human
skin. Long-term exposure may result in absorption of harmful amounts of proprietary
storage solution.

F. Inhalation: Acute toxic effects are not likely to develop after inhalation from this
material. Repeated and prolonged exposure may result in respiratory irritation,
asthmatic symptoms, sensitization, pulmonary edema, nausea and vomiting.

G. Ingestion: The acute oral LD50 values for activated carbon are not available. Relative
to other materials, a single dose of this product is relatively harmless by ingestion.
Hodge, H.C., and Sterner, J.H., American Industrial Hygiene Association Quarterly,
10:4, 93, Dec. 1949.

LD50 for proprietary treatment solution in rats, oral - 1160 MG/Kg.

H. Effect of Overexposure: No adverse clinical effects have been associated with
exposures to activated carbon. Extreme cases of exposure to proprietary treatment
solution may result in muscle weakness and convulsions.

V. FIRST AID PROCEDURES

A. Eyes: Immediately flush with copious amounts of water. If redness, itching, or a
burning sensation develops, have eyes examined and treated by medical personnel.

B. Skin: Wash material off the skin with soap and water. If redness, itching, or a burning
sensation develops, get medical attention.

C. Inhalation: Remove victim to fresh air. If cough or other respiratory symptoms
develop, consult medical personnel.

D. Ingestion: Give one or two glasses of water to drink. If gastrointestinal symptoms
develop, consult medical personnel. (Never give anything by mouth to unconscious
person.)
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VI. FIRE AND EXPLOSION HAZARD DATA

A. Flash Point: NA

B. Autoignition Temperature:
Powdered - No generally accepted test method available.
Granular - About 3500C (ANSI/ASTM D3466)

All carbonaceous materials will burn under certain conditions, and activated carbons
are no exception. Activated carbons, however, are not highly flammable, and burn
slowly without producing smoke or flame. Can produce toxic NOx fumes when
exposed to high temperatures.

C. Unusual Fire and Explosion Hazards: Airborne dust is a weak explosion hazard.

D. Special Fire Fighting Procedures: Use self-contained breathing apparatus.

E. Extinguishing Media: Water (fog or fine spray), C02. Avoid methods which may stir
up dust clouds.

VII. REACTIVITY DATA

A. Stability: Stable under normal conditions.

B. Conditions to Avoid: High temperatures.

C. Incompatibility: Avoid Contact with: Strong oxidizing agents, fluorine. Proprietary
treatment solution can react violently with acids and oxidizers.

D. Hazardous Decomposition or Byproducts: C02, carbon monoxide, nitrogen
compounds including toxic NOx fumes.

E. Hazardous Polymerization: Will not occur

VIII. SPILL OR LEAK PROCEDURES

A. Steps to be Taken in Case Material is Spilled: Extinguish sources of flame or spark;
wear respiratory protection during cleanup. Sweep up and recover or mix material
with water and shovel into waste container. Wash down spill area with water
containing detergent and flush away with plenty of water.

B. Waste Disposal Method: Dispose of virgin (unused) carbon (waste or spillage) in a
facility for non-hazardous wastes.

C. Container Disposal: Do not reuse empty bags. Dispose of in a facility permitted for
non-hazardous waste.
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IX. SPECIAL PRECAUTIONS

A. Activated carbon can be safely stored in any normal storage area, but away from
sources of direct heat.

B. An oxygen deficiency may be created when activated carbon is stored in an enclosed
space/silo. Ventilate or wear self-contained breathing apparatus.

X. SPECIAL PROTECTION INFORMATION

A. Eye Protection: Safety glasses with side shields. Contact lenses should not be worn
when working with activated carbon.

B. Protective Clothing: For personal hygiene purposes, use adequate clothing to prevent
skin contact.

C. Respiratory Protection: If needed, use MSHA-NIOSH approved respirator for dusts,
mists, and fumes whose TLV is greater than 0.05 mg/mi.

D. Ventilation: Provide adequate general and local exhaust ventilation to meet suggested
control value requirements.

E. Other Protective Equipment: Eyewash station in work area.

THE INFORMATION HEREIN IS GIVEN IN GOOD FAITH,
BUT NO WARRANTY, EXPRESS OR IMPLIED, IS MADE.



DT-90 SERIES TREATED CARBON PRODUCTS

MATERIAL SAFETY DATA SHEET
Revised 7/18/90 Page 1 of 4

Diversified Technologies PHONE 865-539-9000
2680 Westcott Blvd., Knoxville, TN 37931

1. PRODUCT IDENTIFICATION

Product ........................................................
Chem ical Name ..........................................

DT-90 Cobalt Selective Carbon Product
Treated (Impregnated) with Carbon Base

II. COMPOSITIONAL INFORMATION

Material
(CAS #)

Activated Carbon
(CAS 7440 44 0)
(U.N. 1362)

Wt(%) TLV (ADGIH)

85-95 Not Listed*

* Product normally contains 5-15% treatment solution. Composition of this solution is a trade secret.

III. PHYSICAL DATA

A.
B.
C.
D.
E.

F.
G.
H.
I.

Boiling Point .......................................
Specific Gravity ..................................
Vapor Pressure ..................................
Vapor Density .....................................
Solubility ..............................................

p H ........................................................

% Volatile by Volume ........................
Appearance ........................................
O d o r ....................................................

NA
400-600 g/I
(mmHg at 20'C): 0
NA
Carbon insoluble in water and
organic solvents, treatment
solution soluble in water
NA

<5% (proprietary trtmnt solutn only)
Black granules or powder
No taste or odor

IV. HEALTH HAZARD DATA:

A. General: No toxicity data are available. Physical and chemical properties of activated
carbon are used for the health hazard assessment.

B. Carcinogenicity: Activated carbon is not listed in the National Toxicology Program
(NTP) Annual report on carcinogens, nor has it been found to be a potential carcinogen
in the International Agency for Research on Cancer (IARC) monographs, or by OSHA.
The same is true for the proprietary treatment solution.
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IV. HEALTH HAZARD DATA Cont'd:

C. Eyes: This material will probably cause physical irritation and injury if contact is made
with human eyes.

D. Skin Contact: This material can be a primary irritant on human skin with allergenic
reactions.

E. Skin Absorption: Activated carbon is not known to be absorbed through the human skin.
Long-term exposure may result in absorption of harmful amounts of proprietary storage
solution.

F. Inhalation: Acute toxic effects are not likely to develop after inhalation from this material.
Repeated and prolonged exposure may result in respiratory irritation, asthmatic
symptoms, sensitization, pulmonary edema, nausea and vomiting.

G. Ingestion: The acute oral LD50 values for activated carbon are not available. Relative to
other materials, a single dose of this product is relatively harmless by ingestion. Hodge,
H.C., and Sterner, J.H., American Industrial Hygiene Association Quarterly, 10:4, 93,
Dec. 1949.

LD5o for proprietary treatment solution in rats, oral - 1160 MG/Kg.

H. Effect of Overexposure: No adverse clinical effects have been associated with
exposures to activated carbon. Extreme cases of exposure to proprietary treatment
solution may result in muscle weakness and convulsions.

V. FIRST AID PROCEDURES

A. Eyes: Immediately flush with copious amounts of water. If redness, itching, or a burning
sensation develops, have eyes examined and treated by medical personnel.

B. Skin: Wash material off the skin with soap and water. If redness, itching, or a burning
sensation develops, get medical attention.

C. Inhalation: Remove victim to fresh air. If cough or other respiratory symptoms develop,
consult medical personnel.

D. Ingestion: Give one or two glasses of water to drink. If gastrointestinal symptoms
develop, consult medical personnel. (Never give anything by mouth to unconscious
person.)
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VI. FIRE AND EXPLOSION HAZARD DATA

A. Flash Point: NA

B. Autoignition Temperature:
Powdered - No generally accepted test method available.
Granular - About 3500C (ANSI/ASTM D3466)

All carbonaceous materials will burn under certain conditions, and activated carbons are
no exception. Activated carbons, however, are not highly flammable, and burn slowly
without producing smoke or flame. Can produce toxic NOx fumes when exposed to high
temperatures.

C. Unusual Fire and Explosion Hazards: Airborne dust is a weak explosion hazard.

D. Special Fire Fighting Procedures: Use self-contained breathing apparatus.

E. Extinguishing Media: Water (fog or fine spray), C02. Avoid methods which may stir up
dust clouds.

VII. REACTIVITY DATA

A. Stability: Stable under normal conditions.

B. Conditions to Avoid: High temperatures.

C. Incompatibility: Avoid Contact with: Strong oxidizing agents, fluorine. Proprietary
treatment solution can react violently with acids and oxidizers.

D. Hazardous Decomposition or Byproducts: C02, carbon monoxide, nitrogen compounds
including toxic NOx fumes.

E. Hazardous Polymerization: Will not occur

VIII. SPILL OR LEAK PROCEDURES

A. Steps to be Taken in Case Material is Spilled: Extinguish sources of flame or spark;
wear respiratory protection during cleanup. Sweep up and recover or mix material with
water and shovel into waste container. Wash down spill area with water containing
detergent and flush away with plenty of water.

B. Waste Disposal Method: Dispose of virgin (unused) carbon (waste or spillage) in a
facility for non-hazardous wastes.

C. Container Disposal: Do not reuse empty bags. Dispose of in a facility permitted for
non-hazardous waste.
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IX. SPECIAL PRECAUTIONS

A. Activated carbon can be safely stored in any normal storage area, but away from
sources of direct heat.

B. An oxygen deficiency may be created when activated carbon is stored in an enclosed
space/silo. Ventilate or wear self-contained breathing apparatus.

X. SPECIAL PROTECTION INFORMATION

A. Eye Protection: Safety glasses with side shields. Contact lenses should not be worn
when working with activated carbon.

B. Protective Clothing: For personal hygiene purposes, use adequate clothing to prevent
skin contact.

C. Respiratory Protection: If needed, use MSHA-NIOSH approved respirator for dusts,
mists, and fumes whose TLV is greater than 0.05 mg/m.

D. Ventilation: Provide adequate general and local exhaust ventilation to meet suggested
control value requirements.

E. Other Protective Equipment: Eyewash station in work area.

THE INFORMATION HEREIN IS GIVEN IN GOOD FAITH,
BUT NO WARRANTY, EXPRESS OR IMPLIED, IS MADE.



PRODUCT TECHNICAL BULLETIN
Revised 12/16/04 Page 1 of 1

DT-99 Cobalt-Selective Resin

PRODUCT DESCRIPTION

DT-99 are premium, nuclear grage weak-acid
macroporous cation exchangers with a surface
treatment that is designed to be preferential for
low and sub-micron particulate removal. These
materials are produced using a cross-linked
styrene divinylbenzene polymer matrix with 16%
cross-linking.

The functional groups of carboxylic give high
chemical efficiency in many applications with
excellent uptake of alkaline metals and
particulate materials.

TYPICAL CHEMICAL AND PHYSICAL CHARACTERISTICS

Polymer Structure .................................... Polyacrylic
Functional Groups ................................... R-COOH
Physical Appearance .............................. Clear Spherical Beads
Ionic Form (as shipped) ......................... Hydrogen (99.9%)
Screen Size, U.S. Std. Mesh (Wet) ....... +1200 <10%, -300 <1%
Particle Size ............................................. 16-50 mesh
Water Retention ....................................... 53-58%
pH Lim itations .......................................... None
Temperature Limitations ......................... 120°C
Whole Bead Count .............................. NA
Shipping Weight ...................................... 46-48 lbs./ft3 (750g/1)
Total Capacity .......................................... 3.7 meq/ml Minimum Volumetric
Standard Packaging ................................ 5 ft3 double polyethylene-lined fiber drums
C olor .......................................................... W hite/tan translucent

STANDARD OPERATING CONDITIONS

fn=rftinn I•t• qn^h ,fin M/inI itma Arnnii in,
Rate Amount

Service

Backwash

Regeneration

Rinse (slow)
Rinse (fast)

1-5 gpm/ft
3

3-5 gpm/ft
2

(40-60-F)

Influent Water

Influent Water 5-20 10-25 gal/ft3

NA

NA
NA

Diversified Technologies Services, Inc.
2680 Westcott Blvd., Knoxville, TN 37931 PHN 865-539-9000 FAX 865-539-9001 E-Mail info@dts9000.com



•$'I'NOL%/ 2680 Westcott Blvd.
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I INCORPORATED Quality* Systems & Services for Waste Management

PRODUCT TECHNICAL BULLETIN

Diversified Technologies' DT-2010

DT-2010 is a solid, granular Superabsorbent Polymer. This cross-linked polyacrylate
material swells and absorbs many times its weight in aqueous solutions. DT-2010 has
been engineered to absorb under pressure and has properties that make it ideally
suited for the absorption and solidification of Low Level Radioactive Waste (LLRW) and
Other types of waste sludge.

Product Attributes:

V" Reduces Waste Disposal Costs - Expands in Volume by Less Than 1%.
v" Non-Biodegradable Polymer (40 CFR 264.314 (e)(ii))
/ Polycarboxylate Polymer Will Not Release Trapped Ionic Contaminants If Solute

Evaporation Occurs.
V" Strong Ion Exchange Capability Allows For Heavy Metal Binding For Many

Solidified Wastes To Pass TCLP.
" When Used Properly, Waste Sludge Will Pass Paint Filter Test (EPA 9095).
V Polymer is approved by Energy Solutions for Incineration.
V- Freeze-Thaw Tested. The Polymer Will Not Release Free Liquids.
/ Polymer Will Easily Absorb Aqueous Wastes of pH > 4. For Highly Acidic Wastes,

Neutralization (pH Adjustment) Is Recommended.
V Approved Sorbent at Hanford (WA) & WIPP (TRUCON Codes)

Typical Absorptive Properties:

Free Swell in DI Water 400 - 500 X

Free Swell in 1% NaCI 45 - 55 X

Free Swell in 2% NaCI 35 -40 X

Free Swell in 10% NaCI 19 - 25 X

Free Swell in 1% CaCI2  20 -25X

Free Swell in 8N NaOH 24 - 30 X

Liquid Release Test (EPS 9096):

DT-2010 has the ability to both absorb
under pressure and to retain absorbed
liquids at high pressures:

At 25X Hydration, PASSES at 50 psi
At lOX Hydration, PASSES at 75 psi

Bulk Density = 5.4 to 6.0 lbs/gallon

I



MATERIAL SAFETY DATA SHEET
Revised 11/16/2012 Page 1 of 2

DT-2010 Granular Absorbent Material
Diversified Technologies PHONE 865-539-9000

2680 Westcott Blvd., Knoxville, TN 37931

I. PRODUCT IDENTIFICATION

P roduct ........................................................ D T-2010
Chemical Name .......................................... Proprietary

ra]REACTIVITY 0

II. HAZARDOUS INGREDIENTS

None

SARA Section 313 Reportable Toxic Chemicals: None

NFPA/HMIS: Health - 2 Fire - 1 Reactivity - 0 Specific Hazard - None

Guideline for Respirable Particulate: 0.05 mg/m3

I1. PHYSICAL DATA

A. Boiling Point ....................................... Not Applicable
B. Melting Point ....................................... Not Applicable
C . Bulk Density ..................................... 0.5-0.7
D. Vapor Pressure .................................. <10
E. Vapor Density ..................................... Nil
F. Solubility in W ater .............................. Insoluble
G. Evaporation Rate ........................... <1
H. Appearance ..................................... White crystals
I. O dor .................................................... O dorless
J. pH ....................................................... Aqueous Slurry 5-7

IV. HEALTH HAZARD DATA:

A. Eyes: Like other foreign bodies, particles may cause irritation of the eye.
B. Acute inhalation may cause irritation of upper respiratory tract

V. FIRST AID PROCEDURES

A. Eyes: Flush with large amounts of water for at least 15 minutes. Consult physician if irritation
persists.
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VI. FIRE AND EXPLOSION HAZARD DATA

A. Flash Point: None
B. Flammable Limits: Not available LEL: NE UEL: NE
C. Unusual Fire and Explosion Hazards: None
D. Special Fire Fighting Procedures: None
E. Extinguishing Media: C02, dry chemical, water

VII. REACTIVITY DATA

A. Stability: Stable
B. Conditions to Avoid: Material forms very slippery gel when wet with water.

Avoid uptake of dust.
C. Incompatibility: None
D. Hazardous Decomposition or Byproducts: None
E. Hazardous Polymerization: Will not occur

VIII. SPILL OR LEAK PROCEDURES
A. Steps to be Taken in Case Material is Spilled: Media on floor will combines with water will cause

the floor to be extremely slippery. Use care to avoid falls. Sweep up and transfer to containers for
recovery or disposal, do not use water to mop, vacuuming is appropriate.

B. Waste Disposal Method: This material can be disposed of as ordinary trash.

IX. SPECIAL PRECAUTIONS

A. Keep drums and plastic bags sealed to prevent moisture uptake.

X. SPECIAL PROTECTION INFORMATION
A. Eye Protection: Safety glasses (ANSI Z87.1)
B. Protective Gloves: None
C. Respiratory Protection: None
D. Ventilation: Local exhaust - normal plant ventilation

THE INFORMATION HEREIN IS GIVEN IN GOOD FAITH,
BUT NO WARRANTY, EXPRESS OR IMPLIED, IS MADE.
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Graver TechnoLogies

Quality Department

GRAVEX GR 1-9
HYDROXIDE FOR
NUCLEAR GRAD

PROPERTIES

Resin Type

Functionality

Matrix

Total Exchange Capacity

Percent of Sites

Particle Size

Friability

N
M
E

SPEC NO GTS-19-N

REV NO 2

DATE July 20, 2007

SPECIFICATIONS

Strongly Basic Type 1 Gel Anion Exchange Resin

Quaternary Ammonium

Styrene-Divinylbenzene

1.2 meq/mL

97% Hydroxide

3% Carbonate

0.1% Chloride

5% plus 16 mesh

5% minus 40 mesh

0.5% minus 50 mesh

350 g/bead average

5% < 200g/bead

(min)

(min)

(max)

(max)

(max)

(max)

(max)

(min)

(max)

(max)

5i0 2

50

Metals

Na

50

(mg/dry kg)

Fe

50

Cu

10

Pb

10

Al

50

Ca

50 50

K

50

Zn

50

Water Extractables

Shipping Weight

0.1%

41 Ibs/ft3 (657 g/L)

(max)

72 Lockwood St., Newark, NJ 07105 Quality Control: 973.465.2375 Fax 973.690.5219
Quality Assurance: 973.465.2374 www.gravertech.com



Graver TechnoLogies

Quality Department

GRAVEX GR 2-0 N
HYDROGEN FORM
NUCLEAR GRADE

PROPERTIES SPI

Resin Type Str(

Functionality Suli

Matrix Sty

Total Exchange Capacity 2 m

Conversion 993

Particle Size 5 0/c

5%/c

0.5

Friability 35C

SPEC NO GTS-20H-N

REV NO 2

DATE June 23, 2006

QA APPROVAL Keith Platoff

ECIFICATIONS

)ngly Acidic Gel Cation Exchange Resin

fonic Acid

rene-Divinylbenzene

ieq/mL

16 Hydrogen

plus 16 mesh

minus 40 mesh

% minus 50 mesh

) g/bead average

<200g/bead

(min)

(min)

(max)

(max)

(max)

(min)

(max)

(max)

50

Metals (mg/dry kg)

Na Fe

50 50

Cu

10

Pb

10

Al

50

Ca iq
50 50

K

50

Zn

50

Water Extractables

Shipping Weight

0.1%

50 Ibs/ft3 (801 g/L)

(max)

72 Lockwood St., Newark, NJ 07105 Quality Control: 973.465.2375 Fax 973.690.5219
Quality Assurance: 973.465.2374 www.gravertech.com



Graver Technotogies

Quality Department

GRAVEX GR 2-1 N
HYDROGEN FORM
NUCLEAR GRADE

PROPERTIES SPE

Resin Type Strc

Functionality Suli

Matrix Styr

Total Exchange Capacity 1.9

Conversion 990,

Particle Size 5%

5%

0.5c

Whole Uncracked Bead 950/

Whole Cracked Bead 5%

Friability 350

SPEC NO GTS-21 H-N

REV NO 1

DATE July 10, 2001

QA APPROVAL Keith Platoff

ECIFICATIONS

)ngly Acidic Gel Cation Exchange Resin

onic Acid

ene-Divinylbenzene

meq/mL

'o Hydrogen

plus 16 mesh

minus 40 mesh

Yo minus 50 mesh

g/bead average

<200g/bead

(min)

(min)

(max)

(max)

(max)

(min)

(max)

(min)

(max)

Metals (mg/dry kg)

Na Fe

50 50

Cu Pb

10 10

Al

50

Ca Mq

50 50

K

50

(max)

Zn SiO 2

50 50

Water Extractables

Shipping Weight

0.1%

50 Ibs/ft3 (801 g/L)

(max)

72 Lockwood St., Newark, NJ 07105 Quality Control: 973.465.2375 Fax 973.690.5219
Quality Assurance: 973.465.2374 www.gravertech.com



Graver Tech notogies

Quality Department

GRAVEX®
GR 2-16 N

HYDROGEN/HYDROXIDE
FORMS

PROPERTIES SPE4

Resin Type Stron

Functionality Sulfoi

Matrix Styre

Total Exchange Capacity Catio

Percent of Sites 99%

Particle Size 5 % p

5% r

0.5%

Friability 350 g

SPEC NO GTS-216-N

REV NO 0

DATE August 20, 2002

QA APPROVAL Keith Platoff

CIFICATIONS

gly Acidic Gel Cation Exchange Resin

nic Acid

ne-Divinylbenzene

n 2.4 meq/mL

Hydrogen

lus 16 mesh

iinus 40 mesh

minus 50 mesh

i/bead average

200g/bead

(min)

(min)

(max)
(max)

(max)

(min)

(max)

(max)

SiO2

50
(max)

Metals (mg/dry kg)

Na Fe

50 50
Water Extractables

Shipping Weight

Cu

10

Pb Al

10 50

Ca M__q

50 50

K

50

Zn

50
0.1%

52 Ibs/ft3 (704 g/L)

72 Lockwood St., Newark, NJ 07105 973.465.2375 Fax 973.690.5219
Customer Service: 800.533.6623 www.gravertech.com



Graver TechnoLogies

Quality Department

GRAVEX®
GR 3-9 N

HYDROGEN/HYDROXIDE

SPEC NO GTS-39-N

REV NO 2

DATE July 20, 2007

PROPERTIES

Resin Type

Functionality

Matrix

Cation : Anion Ratio

Total Exchange Capacity

Percent of Sites

Particle Size

Friability

SPECIFICATIONS

Strongly Acidic Gel Cation Exchange Resin

Strongly Basic Type 1Gel Anion Exchange Resin

Sulfonic Acid

Quaternary Ammonium

Styrene-Divinylbenzene

1:1 Equivalents

Cation 2 meq/mL

Anion 1.2 meq/mL

99% Hydrogen

97% Hydroxide

0.1% Chloride

5 % plus 16 mesh

5% minus 40 mesh

0.5% minus 50 mesh

350 g/bead average

5% <200g/bead

(min)
(min)

(min)

(min)

(max)

(max)

(max)

(max)

(min)
(max)
(max)

SiO9

50
(max)

Metals (mg/dry kg)

Na Fe

50 50
Water Extractables

Shipping Weight

Cu Pb

10 10

Al
50

Ca

50
Mq
50

K

50

Zn

50
0.1%

43 Ibs/ft3 (689 g/L)

72 Lockwood St., Newark, NJ 07105 973.465.2375 Fax 973.690.5219
Customer Service: 800.533.6623 www.gravertech.com



Graver Technotogies

Quality Department

GRAVEX®
GR 3-16 N

HYDROGEN/HYDROXIDE
FORM MIXED BED

PROPERTIES SPEC

Resin Type Stron

Stron
Functionality Sulfor

Quate
Matrix Styrei

Cation Anion Ratio 1:1 Ec
Total Exchange Capacity Catior

Anion

Moisture Content Catior

Anion

Percent of Sites 99%
97%

0.1%

Particle Size 5 % p
5% m

0.2%
Friability 350 g

SPEC NO GTS-316-N

REV NO 1

DATE July 27, 2006

QA APPROVAL Keith Platoff

N1FICATIONS

gly Acidic Gel Cation Exchange Resin

gly Basic Type 1 Gel Anion Exchange Resin

iic Acid

mrnary Ammonium

ne-Divinylbenzene

quivalents

n 2.4 meq/mL

1.2 meq/mL

n 36 - 42%

53 - 59%

Hydrogen

Hydroxide

Chloride

lus 16 mesh

inus 40 mesh

minus 50 mesh

/bead average

200g/bead

(min)

(min)

(min)
(min)
(max)

(max)

(max)
(max)

(min)

(max)

(max)

5i0_2
50

(max)

Metals (mg/dry kg)

Na Fe

50 50
Water Extractables

Shipping Weight

Cu Pb

10 10

Al

50

Ca M__g K
50 50 50

Zn

50
0.1%
44 Ibs/ft3 (704 g/L)

72 Lockwood St., Newark, NJ 07105 973.465.2375 Fax 973.690.5219
Customer Service: 800.533.6623 www.gravertech.com



Graver Technotogies

I MATERIAL SAFETY DATA SHEET I

Emergency Phone:
Information Phone:
Fax Number:

800-533-6623

800-533-6623
973-690-5808

HAZARD RATING
Toxicity 1 4=EXTREME
Fire 1 3=HIGH
Reactivity 0 2=MODERATE
Special N/A 1 =SLIGHT

I O=INSIGNIFICANT

PRODUCT IDENTIFICATION

Product Name:
Ionic Form:
MSDS Code:
Effective Date:

GRAVEX® GR 3-16N
Cation/Anion exchange resins (Hydrogen/Hydroxide forms)
MS-GR316N
6/13/02

1. COMPONENT INFORMATION

No.
1) Sulfonated copolymer of styrene and

divinylbenzene in the hydrogen form.
2) Trimethylamine functionalized,

chlormethylated copolymer of styrene and
divinylbenzene in the hydroxide form.

3) Water

CAS No.
Not Assigned

069011-18-3

007732-18-5

AMT.(%)
15-21

25-34

45-60

2. PHYSICAL DATA

MELTING POINT:
BOILING POINT:
VAPOR PRESSURE (mm Hg):
VAPOR DENSITY (Air=1):
SOLUBILITY IN WATER:

Not applicable
Not applicable
17mm Hg @200C/680 F
Not applicable
Insoluble

Page 1 of 6

72 LOCKWOOD STREET, NEWARK, NEW JERSEY 07105



Graver Technologies Product: GRAVEX GR 3-16 N
MSDS Code: MS-GR316N
Date: 6/13/02

2. PHYSICAL DATA (continued)

SPECIFIC GRAVITY (water=1):
EVAPORATION RATE (Butyl acetate=l):
PERCENT VOLATILITY:
APPEARANCE:
ODOR:

3. EXPOSURE LIMIT INFORMATION

1.1 -1.3
< 1 Water
45-60% Water
Light tan to dark amber solid (beads).
Slight amine odor

OSHA ACGIH
COMPONENT NO. TWA STEL TLV STEL

1 None None None None
2 None None None None
3 None None None None

4. FIRE AND EXPLOSION HAZARD DATA

FLASH POINT: Not Applicable

METHOD USED: Not Applicable

AUTO-IGNITION TEMPERATURE: 500 0C/9321F. Product is not combustible until
moisture is removed, then resin starts to burn in flame at 230°C/4460 F.

LOWER EXPLOSIVE LIMIT: Not Applicable

UPPER EXPLOSIVE LIMIT: Not Applicable

FIRE FIGHTING EQUIPMENT: Wear positive pressure self-contained breathing
apparatus.

EXTINGUISHING AGENTS: Use the following extinguishing media when fighting
fires involving this material: 1) carbon dioxide 2) dry chemical 3) water spray

5. REACTIVITY DATA

STABILITY: Stable under normal handling and storage conditions.
(see incompatibility statement).
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Graver Technologies Product: GRAVEX GR 3-16 N
MSDS Code: MS-GR316N
Date: 6/13/02

5. REACTIVITY DATA (continued)

INCOMPATIBILITY: (SPECIFIC MATERIALS TO AVOID) WARNING:
Oxidizing agents such as nitric acid attack organic ion exchange resin under
certain conditions and could result in a slightly degraded resin up to an explosive
reaction. Before using strong oxidizing agents, consult sources knowledgeable in
handling such materials.

HAZARDOUS DECOMPOSITION PRODUCTS: Thermal decomposition may yield
the following: Alkylbenzenes, vinylbenzenes, naphthalene, benzaldehydes,
phenol, sulfur oxides, organic sulfates, organic amines, carbon dioxide,
hydrochloric acid, carbon monoxide, nitrogen oxides, ammonia, chlorine,
methyl chloride, water

HAZARDOUS POLYMERIZATION: Product will not undergo polymerization.

6. ENVIRONMENTAL AND DISPOSAL INFORMATION

ACTION TO TAKE FOR SPILLS/LEAKS: Sweep up. Caution: May be slippery.

DISPOSAL METHOD: DO NOT DUMP INTO ANY SEWERS, ON THE GROUND OR
INTO ANY BODY OF WATER. Bury resin in licensed landfill, or burn in approved
incinerator according to local, state, and federal regulations. For resin
contaminated with hazardous material, dispose of mixture as hazardous material
according to local, state, and federal regulations. Waste characterizations and
compliance with applicable laws are the responsibility solely of the waste
generator. GRAVER TECHNOLOGIES, INC. HAS NO CONTROL OVER THE
MANAGEMENT PRACTICES OR MANUFACTURING PROCESSES OF PARTIES
HANDLING OR USING THIS MATERIAL.

7. HEALTH HAZARD DATA

EYE: May cause severe eye irritation. May cause moderate corneal injury. Effects are
likely to heal. Flush with water for a minimum of 15 minutes. Consult a physician if
irritation persists.

SKIN CONTACT: Prolonged or repeated exposure may cause skin irritation. If irritation

occurs, wash affected area with water. Consult a physician if irritation persists.

SKIN ABSORPTION: Skin absorption is unlikely due to physical properties.

INGESTION: Single dose oral LD50 has not been determined. Single dose oral toxicity
is believed to be low. No hazards anticipated from ingestion incidental to industrial
exposure. If swallowed, call a physician.
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Graver Technologies Product: GRAVEX GR 3-16 N
MSDS Code: MS-GR316N
Date: 6/13/02

7. HEALTH HAZARD DATA (continued)

INHALATION: Vapors are unlikely due to physical properties.

SYSTEM & OTHER EFFECTS: No specific data available, however, repeated
exposures are not anticipated to cause any significant adverse effects.

8. PERSONAL PROTECTION MEASURES

EXPOSURE GUIDELINES: None established.

VENTILATION: Good general ventilation should be sufficient.

RESPIRATORY PROTECTION: A respiratory protection program meeting
OSHA 1910.134 and ANSI Z88.2 requirements must be followed whenever
workplace conditions warrant a respirator's use. None required under normal
operating conditions.

EYE PROTECTION: Use safety glasses ANSI Z87.1 or approved equivalent.

SKIN & HAND PROTECTION: Avoid skin contact. When using this substance, use
skin protection (clean body-covering clothing). Cotton, latex, rubber or canvas
gloves for the hands.

OTHER PROTECTIVE EQUIPMENT: Facilities storing or utilizing this material should
be equipped with an eyewash facility.

9. STORAGE AND HANDLING INFORMATION

STORAGE CONDITIONS: The minimum recommended storage temperature for this
material is 3°C/38°F. The maximum recommended storage temperature for this
material is 60°C/1400F. Avoid repeated freezing; beads may fracture.
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Graver Technologies Product: GRAVEX GR 3-16 N
MSDS Code: MS-GR316N
Date: 6/13/02

9. STORAGE AND HANDLING INFORMATION (continued)

HANDLING PROCEDURES: The maximum recommended operating temperature for
this material is 60°C/1400F. NOTE: This product as supplied is a whole bead ion
exchange resin and may produce slight eye irritation. However, the ground form of
this resin should be treated as a severe eye irritant. Worker exposure to ground
resins can be controlled with local exhaust ventilation at the point of dust
generation, or the use of suitable personal protective equipment (dust/mist air-
purifying respirator and safety goggles). Properly designed equipment is vital if
these ion exchange resins are to be used in conjunction with strong oxidizing
agents such as nitric acid to prevent a rapid build up of pressure and possible
explosion. Consult a source knowledgeable in the handling of these materials
before proceeding. Do not pack column with dry ion exchange resins. Dry
beads expand when wetted; this expansion can cause glass columns to shatter.

10. REGULATORY INFORMATION

WORKPLACE CLASSIFICATIONS: This product is considered non-hazardous under
OSHA Hazard Communication Standard (29CFR 1910.1200).

This product is not a 'Controlled Product' under the Canadian Workplace
Hazardous Materials Information System (WHMIS).

TRANSPORTATION CLASSIFICATIONS: US DOT Hazard Class - Non-regulated

EMERGENCY PLANNING & COMMUNITY RIGHT-TO-KNOW (SARA TITLE 3):

Section 311/312 Categorizations (40CFR 370) This product is not a hazardous
chemical under 29CFR 1910.1200, and therefore is not covered by Title III of
SARA.

Section 313 Information (40CFR 372) This product does not contain a chemical
which is listed in Section 313 above de minimis concentrations.
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Graver Technologies Product: GRAVEX GR 3-16 N
MSDS Code: MS-GR316N
Date: 6/13/02

EMERGENCY PLANNING & COMMUNITY RIGHT-TO-KNOW (SARA TITLE 3):

CERCLA Information (40CFR 302.4) Releases of this material to air, land, or
water are not reportable to the National Response Center under the
Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA) or to state and local emergency planning committee under the
Superfund Amendments and Reauthorization Act (SARA Title III Section 304).

RCRA Information When a decision is made to discard this material as
supplied, it does not meet RCRA's characteristic definition of ignitability,
corrosivity, or reactivity, and is not listed in 40CFR 261.33. The toxicity
characteristic (TC), however, has not been evaluated by the Toxicity Characteristic
Leaching Procedure (TCLP).

Chemical Control Law Status All components of this product are listed or are
excluded from listing on the U.S. Toxic Substance Control Act (TSCA) Chemical
Substance Inventory.

GRAVEX® is a trademark of Graver Technologies

Abbreviations:
ACGIH - American Conference of Governmental Industrial Hygienists
OSHA - Occupational Safety and Health Administration
TLV - Threshold limit Value
TWA - Time Weighted Average
STEL - Short Term Exposure Limit

The above information contained herein relates to the specific material identified. Graver Technologies
believes that such information is accurate and reliable as of the date of this material safety data sheet,
but no representation, guarantee or warranty, express or implied, is made as to the accuracy, reliability,
or completeness of the information. Graver Technologies urges persons receiving this information to
make their own determination as to the information's suitability and completeness for their particular
application. Consult Graver Technologies for further information.
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Graver Tech notogies

Quality Department

GRAVEX®
GR 4-7 N

LITHIUM-7/HYDROXIDE FORMS

PROPERTIES SP

Resin Type Str

Str

Functionality Su

Qu

Matrix St)

Cation :Anion Ratio 1:1

Total Exchange Capacity Ca

An

Percent of Sites 99'

1%A

97'

0.1

Particle Size 5

50X
0.5

Metals (mg/dry kg) 50

50

10

10

50

Shipping Weight 43

SPEC NO GTS-47-N

REV NO 0

DATE August 21, 2006

ECIFICATIONS

ongly Acidic Gel Cation Exchange Resin

ongly Basic Type 1 Gel Anion Exchange Resin

Ifonic Acid

aternary Ammonium

,rene-Divi nyl benzene

Equivalents

tion 2.4 meq/mL (Lithium-7 Form)

ion 1.1 meq/mL (Hydroxide Form)

% Lithium-7

Hydrogen

% Hydroxide

% Chloride

1o plus 16 mesh

minus 40 mesh

3% minus 50 mesh

Na

Fe

Cu

Pb

Al

Ibs/ft3 (689 g/L)

(min)

(min)

(min)

(max)

(min)

(max)

(max)

(max)

(max)

(max)

(max)

(max)

(max)

(max)

72 Lockwood St., Newark, NJ 07105 973.465.2375 Fax 973.690.5219
Customer Service: 800.533.6623 www.gravertech.com



Graver Technologies

Quality Department

GRAVEX®
GR 4-9 N

LITHIUM-71HYDROXIDE
FORMS

PROPERTIES

Resin Type

Functionality

Matrix

Cation: Anion Ratio

Total Exchange Capacity

Percent of Sites

Particle Size

SPEC NO GTS-49-N

REV NO 5

DATE April 25, 2001

QA APPROVAL Keith Platoff

SPECIFICATIONS

Strongly Acidic Gel Cation Exchange Resin

Strongly Basic Type 1 Gel Anion Exchange Resin

Sulfonic Acid

Quaternary Ammonium

Styrene-Divinylbenzene

1:1 Equivalents

Cation 1.6 meq/mL (Lithium-7 Form)

Anion 1.1 meq/mL (Hydroxide Form)

99% Lithium-7

97% Hydroxide

0.1% Chloride

5 % plus 16 mesh

5% minus 40 mesh

0.5% minus 50 mesh

(min)

(min)

(min)

(min)

(max)

(max)

(max)

(max)

(max)Metals (mg/dry kg)

Na

50

Fe

50

Cu

10

Pb

10

Al

50

Ca
50 50

K

50
Zn SiO2
50 50

Shipping Weight 43 Ibs/ft3 (689 g/L)

72 Lockwood St., Newark, NJ 07105 973.465.2375 Fax 973.690.5219
Customer Service: 800.533.6623 www.gravertech.com



Graver TechnoLogies

1 MATERIAL SAFETY DATA SHEET I

Emergency Phone:

Information Phone:
Fax Number:

800-533-6623

800-533-6623
973-690-5808

HAZARD RATING
Toxicity 1 4=EXTREME
Fire 1 3=HIGH
Reactivity 0 2=MODERATE
Special N/A 1=SLIGHT

O=INSIGNIFICANT

PRODUCT IDENTIFICATION

Product Name:
Ionic Form:
MSDS Code:
Effective Date:

GRAVEX® GR 4-9 N
Cation/Anion exchange resins (Lithium-7/Hydroxide forms)
MS-GR49N
4/22/02

1. COMPONENT INFORMATION

No.
1) Sulfonated copolymer of styrene and

divinylbenzene in the Lithium-7 form.
2) Trimethylamine functionalized,

chlormethylated copolymer of styrene and
divinylbenzene in the hydroxide form.

3) Water

CAS No.
068584-06-5

069011-18-3

007732-18-5

AMT.(%)
15-20

20-30

50-65

2. PHYSICAL DATA

MELTING POINT:
BOILING POINT:
VAPOR PRESSURE (mm Hg):
VAPOR DENSITY (Air=l):
SOLUBILITY IN WATER:
SPECIFIC GRAVITY (water=l):

Not applicable
Not applicable
17mm Hg @200C/68°F
Not applicable
Insoluble
1.1 -1.4
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Graver Technologies Product: GRAVEX GR 4-9 N
MSDS Code: MS-GR49N
Date: 4/22/02

2. PHYSICAL DATA (continued)

EVAPORATION RATE (Butyl acetate=l):
PERCENT VOLATILITY:
APPEARANCE:
ODOR:

3. EXPOSURE LIMIT INFORMATION

< 1 Water
50-65% Water
White to dark amber solid (beads).
Slight amine odor

OSHA ACGIH
COMPONENT NO. TWA STEL TLV STEL

1 None None None None
2 None None None None
3 None None None None

4. FIRE AND EXPLOSION HAZARD DATA

FLASH POINT: Not Applicable

METHOD USED: Not Applicable

AUTO-IGNITION TEMPERATURE: 5000C/932°F. Product is not combustible until
moisture is removed, then resin starts to burn in flame at 230°C/4460F.

LOWER EXPLOSIVE LIMIT: Not Applicable

UPPER EXPLOSIVE LIMIT: Not Applicable

FIRE FIGHTING EQUIPMENT: Wear positive pressure self-contained breathing
apparatus.

EXTINGUISHING AGENTS: Use the following extinguishing media when fighting
fires involving this material: 1) carbon dioxide 2) dry chemical 3) water spray

5. REACTIVITY DATA

STABILITY: Stable under normal handling and storage conditions.
(see incompatibility statement).

5. REACTIVITY DATA (continued)
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Graver Technologies Product: GRAVEX GR 4-9 N
MSDS Code: MS-GR49N
Date: 4/22/02

INCOMPATIBILITY: (SPECIFIC MATERIALS TO AVOID) WARNING:
Oxidizing agents such as nitric acid attack organic ion exchange resin under
certain conditions and could result in a slightly degraded resin up to an explosive
reaction. Before using strong oxidizing agents, consult sources knowledgeable in
handling such materials.

HAZARDOUS DECOMPOSITION PRODUCTS: Thermal decomposition may yield
the following: Alkylbenzenes, vinylbenzenes, naphthalene, benzaldehydes,
phenol, sulfur oxides, organic sulfates, organic amines, carbon dioxide,
hydrochloric acid, carbon monoxide, nitrogen oxides, ammonia, chlorine,
methyl chloride, water

HAZARDOUS POLYMERIZATION: Product will not undergo polymerization.

6. ENVIRONMENTAL AND DISPOSAL INFORMATION

ACTION TO TAKE FOR SPILLS/LEAKS: Sweep up. Caution: May be slippery.

DISPOSAL METHOD: DO NOT DUMP INTO ANY SEWERS, ON THE GROUND OR
INTO ANY BODY OF WATER. Bury resin in licensed landfill, or burn in approved
incinerator according to local, state, and federal regulations. For resin
contaminated with hazardous material, dispose of mixture as hazardous material
according to local, state, and federal regulations. Waste characterizations and
compliance with applicable laws are the responsibility solely of the waste
generator. GRAVER TECHNOLOGIES, INC. HAS NO CONTROL OVER THE
MANAGEMENT PRACTICES OR MANUFACTURING PROCESSES OF PARTIES
HANDLING OR USING THIS MATERIAL.

7. HEALTH HAZARD DATA

EYE: May cause severe eye irritation. May cause moderate corneal injury. Effects are
likely to heal. Flush with water for a minimum of 15 minutes. Consult a physician if
irritation persists.

SKIN CONTACT: Prolonged or repeated exposure may cause skin irritation. If irritation
occurs, wash affected area with water. Consult a physician if irritation persists.

SKIN ABSORPTION: Skin absorption is unlikely due to physical properties.

INGESTION: Single dose oral LD50 has not been determined. Single dose oral toxicity
is believed to be low. No hazards anticipated from ingestion incidental to industrial
exposure. If swallowed, call a physician.
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Graver Technologies Product: GRAVEX GR 4-9 N
MSDS Code: MS-GR49N
Date: 4/22/02

7. HEALTH HAZARD DATA (continued)

INHALATION: Vapors are unlikely due to physical properties.

SYSTEM & OTHER EFFECTS: No specific data available, however, repeated
exposures are not anticipated to cause any significant adverse effects.

8. PERSONAL PROTECTION MEASURES

EXPOSURE GUIDELINES: None established.

VENTILATION: Good general ventilation should be sufficient.

RESPIRATORY PROTECTION: A respiratory protection program meeting
OSHA 1910.134 and ANSI Z88.2 requirements must be followed whenever
workplace conditions warrant a respirator's use. None required under normal
operating conditions.

EYE PROTECTION: Use safety glasses ANSI Z87.1 or approved equivalent.

SKIN & HAND PROTECTION: Avoid skin contact. When using this substance, use
skin protection (clean body-covering clothing). Cotton, latex, rubber or canvas
gloves for the hands.

OTHER PROTECTIVE EQUIPMENT: Facilities storing or utilizing this material should
be equipped with an eyewash facility.
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Graver Technologies Product: GRAVEX GR 4-9 N
MSDS Code: MS-GR49N
Date: 4/22/02

9. STORAGE AND HANDLING INFORMATION

STORAGE CONDITIONS: The minimum recommended storage temperature for this
material is 30C/380F. The maximum recommended storage temperature for this
material is 60°C/140 0F. Avoid repeated freezing; beads may fracture.

HANDLING PROCEDURES: The maximum recommended operating temperature for
this material is 60°C/1400F. NOTE: This product as supplied is a whole bead ion
exchange resin and may produce slight eye irritation. However, the ground form of
this resin should be treated as a severe eye irritant. Worker exposure to ground
resins can be controlled with local exhaust ventilation at the point of dust
generation, or the use of suitable personal protective equipment (dust/mist air-
purifying respirator and safety goggles).
Properly designed equipment is vital if these ion exchange resins are to be used in
conjunction with strong oxidizing agents such as nitric acid to prevent a rapid build
up of pressure and possible explosion. Consult a source knowledgeable in the
handling of these materials before proceeding. Do not pack column with dry ion
exchange resins. Dry beads expand when wetted; this expansion can cause
glass columns to shatter.

10. REGULATORY INFORMATION

WORKPLACE CLASSIFICATIONS: This product is considered non-hazardous under
OSHA Hazard Communication Standard (29CFR 1910.1200).

This product is not a 'Controlled Product' under the Canadian Workplace
Hazardous Materials Information System (WHMIS).

TRANSPORTATION CLASSIFICATIONS: US DOT Hazard Class - Nonregulated

EMERGENCY PLANNING & COMMUNITY RIGHT-TO-KNOW (SARA TITLE 3):

Section 3111312 Categorizations (40CFR 370) This product is not a hazardous
chemical under 29CFR 1910.1200, and therefore is not covered by Title Ill of
SARA.

Section 313 Information (40CFR 372) This product does not contain a chemical
which is listed in Section 313 above de minimis concentrations.

Page 5 of 6



Graver Technologies Product: GRAVEX GR 4-9 N
MSDS Code: MS-GR49N
Date: 4/22/02

EMERGENCY PLANNING & COMMUNITY RIGHT-TO-KNOW (SARA TITLE 3):

CERCLA Information (40CFR 302.4) Releases of this material to air, land, or
water are not reportable to the National Response Center under the
Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA) or to state and local emergency planning committee under the
Superfund Amendments and Reauthorization Act (SARA Title III Section 304).

RCRA Information When a decision is made to discard this material as
supplied, it does not meet RCRA's characteristic definition of ignitability,
corrosivity, or reactivity, and is not listed in 40CFR 261.33. The toxicity
characteristic (TC), however, has not been evaluated by the Toxicity Characteristic
Leaching Procedure (TCLP).

Chemical Control Law Status All components of this product are listed or are
excluded from listing on the U.S. Toxic Substance Control Act (TSCA) Chemical
Substance Inventory.

GRAVEX® is a trademark of Graver Technologies

Abbreviations:
ACGIH - American Conference of Governmental Industrial Hygienists
OSHA - Occupational Safety and Health Administration
TLV - Threshold limit Value
TWA - Time Weighted Average
STEL - Short-Term Exposure Limit

The above information contained herein relates to the specific material identified. Graver Technologies
believes that such information is accurate and reliable as of the date of this material safety data sheet,
but no representation, guarantee or warranty, express or implied, is made as to the accuracy, reliability,
or completeness of the information. Graver Technologies urges persons receiving this information to
make their own determination as to the information's suitability and completeness for their particular
application. Consult Graver Technologies for further information.
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Graver Technotog ies

Quality Department

GRAVEX®
GR 7-16 N

LITHIUM-7 FORI

PROPERTIES

Resin Type

Functionality

Matrix

Total Exchange Capacity

Percent of Sites

Particle Size

SPEC NO GTS-716-N

REV NO 0

DATE February 10, 2004

QA APPROVAL Keith Platoff

SPECIFICATIONS

Strongly Acidic Cation
Exchange Resin
Sulfonic Acid

Styrene-Divinylbenzene

2.4 meq/mL (Lithium-7 Form)

99% Lithium-7

5 % plus 16 mesh

5% minus 40 mesh

0.5% minus 50 mesh

(min)

(min)

(max)

(max)

(max)

(max)Metals (mg/dry kg)

Na Fe Cu Pb

50 50 10 10

Al
50

Ca

50
Mq
50

K
50

Zn
50 50

Shipping Weight 52 lbs/cu. ft. (832 g/L)



Graver Technologies

Quality Department

GRAVEX®
GR 7-99 N

LITHIUM-7 FORI

PROPERTIES

Resin Type

Functionality

Matrix

Total Exchange Capacity

Percent of Sites

Particle Size

SPEC NO GTS-799-N

REV NO 1

DATE May 7, 2004

QA APPROVAL Keith Platoff

SPECIFICATIONS

Strongly Acidic Cation
Exchange Resin
Sulfonic Acid

Styrene-Divinylbenzene

1.6 meq/mL (Lithium-7 Form)

99% Lithium-7

5 % plus 16 mesh

5% minus 40 mesh

0.5% minus 50 mesh

(min)

(min)

(max)

(max)

(max)

(max)

Zn
50

Metals (mg/dry kg)

Na Fe Cu Pb

50 50 10 10

Al
50

Ca
50

M5
50

K

50
S5O,
50

Shipping Weight 50 lbs/cu. ft. (801 g/L)



Graver TechnoLogies

I O D X SEE TO0U D I

IONIC
FORM

TOTAL
CAPACITY
meq/dryg

% % IONIC
MOISTURE CONVERSIONPRODUCT TYPE

POWDEX

MATRIX FUNCTIONALITY

PAO

PACL

SBA TYPE I

SBA TYPE I

PAS SBA TYPE II

PCH SAC

PCN SAC

PCM SAC

PCNA SAC

Styrene DVB
Gel

Styrene DVB
Gel

Styrene DVB
Gel

Styrene DVB
Gel

Styrene DVB
Gel

Styrene DVB
Gel

Styrene DVB
Gel

Acrylic DVB
Macro

-N -(CH3) OH

-N -(CHJ)s Cl

4 50-60

3.8 40-60 99

A (H 4),
CHCH,OH Cl 4

95

55-75 99

-SO3-

-Sol-

-SO,-

-SOl-

-COOH

H 5

NH, 4.5

45-62 99

40-60 95

Morpholinium

Na"

H

4.8 H Form

4.8

7.5

40-60

40-60

40-60

90

95

95PKH WAC

POWDEX PREMIX

SAC-H
SBA-OH

SAC-H
SBA-OH

SAC-H
SBA-OH
SAC-H

62 H SAO
.. .... .. .... ..............S B Q. ..... .

SAC-H
82 H SBA-OH............ ................S ..•.O.H .....

825H SAC-H
SBA-OH.. . . .... .....................S.BA O .......

SAC-H
46 H SBA-OH. .. . . . ..... .... .... ... ... .8 . .: H ....

SAC-H24 H SBA-OH

SAC-H28 H SBA-OH
28 H A-

22 N SAC-N H,SBA-OH

SAC-NH,
SBA-OH

32 N SAC-NH,
SBA-OH

SAC-NH,62 N SBA-OH
62 N A-H

SBA-OH

Wt Ratio

Styrene DVB
Gel

Styrene DVB
Gel

Styrene DVB
Gel

Styrene DVB
Gel

Styrene DVB
Gel.. ............. G !.......

Styrene DVB
Gel....... .. G.e ............

Styrene DVB
Gel

Styrene DVB
Gel

Styrene DVB
Gel

Styrene DVB
Gel

Styrene DVB
Gel

Styrene DVB
Gel

Styrene DVB
Gel

-SO3

-N -(CH3),

-Sol

-N -(CHJ)3
-SOl-

-N*-(CHJ 3
-SOl-

-N.-(CHJ.
-SOl-

-N -(CH 3),-SOl

-N.-(CH.),
-SOl-

.. .. -N:CHJ). .. .

-So;
-N -[CH1~

-Sol-
. N -N(CHJ) .

-Sol-
. -N*-(CHJ... .

-SOl
-N -(CHJ)3

-SOl-
-N -(CH 3)3

-Sol-
-N -(CHsJs

1:1 2.5
2

2.91.5:11.
1.6

2:1 3.2
1.3
3.7

3:1 1

3.9
4:10.8... .... .... ..... .. ........o :8.. ..
1:1 2.2

Capacity 2.2

2:3 2
2.4.. . ..... .. ...... . ... . ,4 .

1.6
1:2 2.6

2.6

1:4 3

2.3

1:1 
2
2

2.7
1.5:1 

1.6
1.6

3
2:1 3

1.3

50-70

50-70

50-70

50-70

50-70

50-70

50-75

50-75

50-75

50-75

50-75

50-70

50-70

99
95

99
95

99
95

99
95

99
95

..... .... ...95.... .. ...99
95

99
95

99
95

99
95

95
95

95
95

95
95

95
95

3:1
3.4
1



POWDEX® AND POWDEX PREMIX-

Powdex ion exchange resins and premixed versions are powdered

bead resins. The cation and anion exchange resins are typically

cross-linked styrene divinylbenzene copolymers. They are commonly

referred to as strongly acidic and strongly basic ion exchange

resins. The beads are specially processed and highly regenerated

prior to grinding, The grinding process is precisely controlled to

achieve target particle sizes. The small particles provide rapid

kinetic response.

When the negatively charged cation exchange resin and the

positively charged anion exchange resin powders are mixed in an

aqueous slurry, they agglomerate to form large floc particles. The

slurry is then precoated on filter septa such as, Aegis', DualGuard'

and AFA' filters, among others, Excellent hydraulic properties are

achieved with much higher flux rates than can be attained with

similarly sized media. The precoat depth is typically 1/4" to 3/8"

(- 6 to 9 mm) although even thinner layers may be used to achieve

some high-purity deionization.

The large surface area provided by the fine particles and the

resultant floc structure of the agglomerate, permit the filtration of

suspended solids while maintaining the rapid kinetics necessary for

dissolved solids removal at fast flow rates. The electrokinetic nature

of the resin precoat enables the attraction and adsorption of colloids

and color bodies. Both Powdex and Powdex Premix products are

recommended for high-purity polishing applications, when the

concentrations of soluble and particulate impurities are

relatively low.

Condensate Polishing

High flow rate condensate polishing was the original application for

Powdex products. They were developed to provide an economical

means of providing simultaneous filtration and deionization for

start-up and steady-state operation. Water quality is maintained

during small condenser leaks as shown in the simulated leak

test in Figure 1.

Fuel Pool and Reactor Water Cleanup

Silica and other dissolved solids are easily removed from the

reactor. Fuel pool parameters are maintained by the Powdex System

continuously filtering and cleaning. New products include very high

content anion premixes for silica and thermally stable anion for

higher temperature operation.

Radwaste

Powdex resin operating capacity is up to 90% or more of the total

ion exchange capacity. In addition to filtration, ionic species such as

iodine, cobalt and silica as well as organics are removed.

Bead Resin, Powdex and Premix

IT I
E

Z 0

QN
I •I I

FEED: 1 ppm NaCl (as CaCo3)
8.5

8.0
INLET

0.1 All__

OUTLET

.05

0 2 4 6

TIME. irs
8 10

Figure 1: Simulated condenser leak test with POWDEX

Please contact Graver Technologies today at
1-800-249-1990 (24-hour service) or
E-mail: info@gravertech.com
Visit our website: www.gravertech.com

All Graver Technologies resins are manufactured in accordance with a qualily
a.surance program meeting the requirements of Title 10 of the Code of Federal
Regulaiions, Part 50, Appendix B (IOCFRSO App B), Our resins are all individually

QC tested assuring quality and purilty.

Graver Technotogles
200 Lake Drive,
Glasgow, DE 19702 U.S.A.

800-249-1990
302-731-1700
Fax: 302-731-1707

e-mail: info@gravertech.com
web site: www.qravertech.com

A trhrCIteMam ru lcrnpriOX 40
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Graver Technologies

Quality Department

POWDEX®
PAO

HYDROXIDE FORM

PROPERTIES SPEC

Resin Type Stron

Functionality QuatE

Matrix Styrei

Total Moisture 50 -

Total Exchange Capacity 4 mec

Percent of Sites 95%

0.5%

0.5%

Metals (mg/dry kg) 50 Sc

50 Iro

10 Cc

SPEC NO GTS-PX1000

REV NO 3

DATE June 23, 2005

IFICATIONS

gly Basic Anion Exchange Resin

=rnary Ammonium

ne-Divinylbenzene

30%

i/dry g

Hydroxide

Chloride

Sulfate
)dium

un

)pper

(min)

(min)

(max)

(max)

(max)

(max)

(max)

72 Lockwood St., Newark, NJ 07105 973.465.2375 Fax 973.690.5219
Customer Service: 800.533.6623 www.gravertech.com



Graver Tech notog ies

Quality Department

POWDEX®
PCM

MORPHOLINIUM FORM

PROPERTIES SPEC

Resin Type Stroný

Functionality Sulfon

Matrix Styrer

Total Moisture 40 - 61

Total Exchange Capacity 4.8 m•

Percent of Sites 90% I

Metals (mg/dry kg) 100 S

50 Iroi

10 Co

Percent Bead 7%

SPEC NO GTS-PX4000

REV NO 1

DATE May 2, 2001

QA APPROVAL Keith Platoff

IFICATIONS

aly Acidic Cation Exchange Resin

iic Acid

ie-Divinylbenzene
0%

eq/dry g (Hydrogen Form)

Aorpholinium

odium

n

pper

(min)

(min)

(max)

(max)

(max)

(max)

72 Lockwood St., Newark, NJ 07105 973.465.2375 Fax 973.690.5219
Customer Service: 800.533.6623 www.gravertech.com



Graver Technologies

Quality Department

POWDEX®
PCN

AMMONIUM FORM

PROPERTIES SP

Resin Type Str

Functionality Su

Matrix St)

Total Moisture 40

Total Exchange Capacity 4.5

Percent of Sites 95

Metals (mg/dry kg) 10'

50

10

Percent Bead 70/

SPEC NO GTS-PX3000

REV NO 2

DATE May 2, 2001

QA APPROVAL Keith Platoff

'ECIFICATIONS

rongly Acidic Cation Exchange Resin

Ifonic Acid

yrene-Divinylbenzene

- 60%

meq/dry g

% Ammonium

0 Sodium

Iron

Copper

(min)

(min)

(max)

(max)

(max)

(max)

72 Lockwood St., Newark, NJ 07105 973.465.2375 Fax 973.690.5219
Customer Service: 800.533.6623 www.gravertech.com



Oraver Technologies

High Flow Series Filter Cartridges
Large Geometry Pleated Filters for High Flow
Graver High Flow Series filters feature a larger geometry
to handle higher flows with fewer filter elements. The
result is much faster, easier filter changeoLIts. In addition,
the inside to outside flow allows for excellent dirt holding
capacity, extending the time between filter changeouts.
Filter housings are also available and because of the filters
high flow and dirt holding capacity, smaller systems are
possible, reducing upfront capital costs.

Features - Benefits
" 6" diameter, large geometry for high flow rates
* Absolute retention ratings from 1 to 100 microns
" Capable of flow rates up to 500 GPM in a single 60"

element
* Inside-out flow retains contaminant even during

changeout
" Multi layer pleated construction with optimized surface

area
" Outer cage prevents media extrusion problem

experienced with some competitive offerings
" Unique Quad Seal gasket provides maximum seal

integrity
" Retrofits competitive high flow filter housings
" Thermally bonded construction

Product Specifications

Media/SupportlCage: Polypropylene

End caps: Polypropylene

O-rings: EPDM, Silicone, Buna-N, VWton

Micron ratings: 1, 3. 5, 10, 20, 40, 60, 100 pm

Dimensions
Nominal lengths: 20", 40". 60"

(50.8, 101.6, 152.4 cm)

Outside diameter: 6.0" (15.2 cm)

Surface area: 24 ft,. (2.2 mr') per 20" elementt
49 ft,. (4.6 mi) per 40" element
73 ft. (6.8 m,) per 60" element

Operating Parameters
Maximum operating 180 F @ 20 psid (820'C @ 1.4 bar)
temperature: 160 F @ 30 psid (71 'C @ 2.1 ban

77 F@ 50 psid (25-C @ 3.4 bar)

Recommended changeout
differential pressure: 35 psid (2.4 bar)

Maximum flow rates*: 60" element up to 500 GPM (1892 1pm)
40" element up to 350 GPM (1325 1pm)
20' element uo to 175 GPM (662 lpm)

Certifications
FDA Listed Materials - All Materials comply with FDA
Title 21 of the Code of Federal Regulations Sections
174.5, and 177.1520, as applicable for food and
beverage contact.
NSF 61 - Certified to NSF/ANSI STD 61 for materials
requirements only - Component.

NSF
Cer"tified to

NSF/ANSI Standard 61 forFmate.riIs requirements only.

COMPONENT

Typical Applications
" Water Systems
" Chemicals
" Food and Beverage
" Pre RO

c consult factory for sizing assistance based on particle loads

I



I Hih Flw Nmencatur InormaionI
High Flow 5

Filter Type
High Flow Series Filters

Retention Rating (microns)

1 20
3 40
5 60
10 100

-60
Length (inches)

-20
-40
-60

E

O-Ring

S Silicone
B Buna-N
E EPDM
V VitonExample: HF 5-60E

I Hig Flo Prssr Dro I

Element Pressure Drop psid/gpm Element Pressure Drop Mbar/M 3 /Hr
Micron

3
5

10

20

40

60

100

20n

0.0200

0.0167

0.0076

0.0046

0.0021

0.0017

0.0015

0.0010

40"

0.0097

0.0081

0.0037

0.0022

0.0010

0.0008

0.0007

0.0005

60"

0.0065

0.0054

0.0025

0.0015

0.0007

0.0006

0.0005

0.0003

20"

6.0845

5.0705

2.3179

1.3908

0.6374

0.5215

0.4552

0.3035

40"

2.9395

2.4495

1.1198

0.6719

0.3079

0.2520

0.2199

0.1466

60"

1.9820

1.6516

0.7550

0.4530

0.2076

0.1699

0.1483

0.0989

Note: For chemical compatibility, flow rates, and temperature requirements please consult the factory or your local
Graver distributor.

Removal Efficiency
Micron Rating
Beta Ratio

99.9% 99?% 90%
Beta 1000 Beta 100 Beta 10

1 micron 1 0.6 0.2

3 micron 3 2 1.5

5 micron 5 4 3

10 micron 10 8.5 6.5

20 micron 22 19 14

40 micron 38 18 15

60 micron 60 35 20

100 micron 100 75 45

For more information
Graver Technologies Customer Service: 1-888-353-0303
Technical Support: 1-888-353-0303

E-mail us at info@gravertech.com

Graver Technologies Europe (UK): +44-1424-777791

Aft information and recommendatons appearing in this bulletin concerning the use
of products descnbed herein are based on tests believed to be reliable. However, i
is the user's responsibility to determine the suitability for his own use of such prod-
ucts. Since the actual use by others is beyond our control, no guarantee, expressed
or implied, is made by Graver Technologies as to the effects of such use or the results
to be obtained. Graver Technologies assumes no liability arising out of the use by oth-
ers of such products. Nor is the information herein to be construed as absolutely com-
plete, since additional information may be necessary or desirable when particular or
exceptional conditions or circumstances exist or because of applicable kbws or gov-
ernment regulations.

Beta Ratio = Upstream particle counts
Downstream particle counts

The micron ratings shown at various efficiency and beta ratio value levels
were determined through laboratory testing, and can be used as a guide
for selecting cartridges and estimating their performance. Under actual
field conditions, results may vary somewhat from the values shown due
to the variability of filtration parameters.
Testing was conducted using the single-pass test method, water at
3 gpm/t10" cartridge. Contaminant's included latex beads, coarse and
fine test dust. Removal efficiencies were determined using dual laser
source particle counters.

DISTRIBUTED BY:

Graver Technotogies

200 Lake Drive
Glasgow,
DE 19702 U.S.A.

302-731-1700
800-249-1990
Fax:302-369-0938 FM 38se

e-mail: info@gravertech.com
web site: www.gravertech.com

I* II A Mary,,,, Wvater/tterkhstire Hatliawy Comnipany
GTX-322 2-13
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ROHM' HRRS M I Ion Exchange Resins

PRODUCT DATA SHEET

AMBERLITE TM IRN77
Nuclear Grade Strong Acid Cation Resin

AMBERLITE IRN77 resin is a uniform particle size
strongly acidic gel type polystyrene cation exchanger
supplied in the hydrogen formi. This resin is Nuclear
Griade and processed to the highest purity standards
to meetCI the Mhost Stri-igenit I-equIiieliiefiLs of the
nUclear power industry. AMIBERLITE IRN77 resin

contains a minimum of 99 % of its exchange sites in
the hydrogen form.

The uniform particle size and the absence of fine
resin beads results in a lower pressure drop
compared to conventional resins.

PHYSICAL CHARACTERISTICS

Physical form
Matrix
Functional group

Ionic form as shipped

Total exchange capacity

Moisture holding capacity

Shipping weight
Particle size

Uniformity coefficient _ _ _

Hlarnionic mean size _ _ _

< 0.300 mm ii
Whole beads

Breaking weight (average)

> 200 g/bead

Ionic conversion ___

"'1 Cwd hinrtut vahn

'Averttagr vah, c,,ttr:,ilea d /hoiv ai stical qiialily rnhtl

Spherical amber beads
Styrene di\inylbenzene copolymer
Sulfonic acid
H+

> 1.90 eq/L (H+ form)

49 to 55 % (H+ form)

800 g/L

_< 1.2

0.600 to 0.700mm

0.2 % max

>95 %
> 350 g/bead

>95 %

_> 99 % H+

SUGGESTED OPERATING CONDITIONS

MaximuIm operating temperature
Minimum bed depth
Service flow rate
Ser-ice velocity

* I lV(Bedt Volume) = I n,3 o0nt it, pet. 13 re.vin

120 'C
800 m1m
8 to 50 BV*/h
60 M/h maximum

I © 2008 Rohm and Haas Company I PDS 0456 A - Jan. 08 - 112



PURITY
The nmanufacturing process for this resin is controlled to

keep inorganic impurities at the lowest possible level.
Special treatmnt Itpro ricedlres are also used to rentmoive

t[aces of' soluble organic conapotunds. These high

standards of' resin pllrit" Will hbelp keep nuclear systelius
frle of contaminants aadaf dcposits, and prevent increases
in radioactivitv levels dclime to activation of inmplrities in the
reactorlcore.

Purity mglkg dry resin

A] < 50

(Ca _< 50

Co •30
(Cu •10

Fe •- 50
Hg •20

K •40
Mg < 50
Na •50

Pb • 10

HYDRAULIC CHARACTERISTICS

Resin handling
Ta) maintain the high purity of nuclear grade resins.
decionisedr watar should be aiscd for all resin handling. If
the resin requires backwashing, the bed should be
expanded a nimitam of '5'),. See figuare 1.

Figure I: Bed Expansion
140 --

120 10-C

o00- 
2l

in / 30'C
ai 60

40 4

co20 -- -

0 5 10 15 20

Backwash flow rate

Figure 2 shaavs the approxinmte pressure drop for each
meter of bed depth of AMBERLITE IRN77 resin in
iomrnial do(fwnfltaw oaperation at varioaus temnperatuares and
flow rates. Pressure drop data are valid at the start of the
servaice ruin with clear watel.APPLICATIONS

AMBERLITE IRN77 resin has proved
effective in the following applications:

highly

Primary water treatment:
Removal of fission products. activated corrosion
products, and suspended matter. It is also used to
control the pH of the reactor coolant stream by
removing the excess 'Lithium.

Radwaste treatment:
Removal of radioactive cations such as '3 Cesiuni
from waste streams.

Decontamination:
Removal of cationic radioactive material fr-om spent
decontaminating solutions.

Figure 2: Pressure Drop

kPa/m

80 //- °-°

60

60 2 0'C
2 5o

30'C
540 - - -

20- - -

0 10 20 30 40 50 60 1rh

Service flow rate

All otlr products arc produced in ISO 900( 1 certified nmanalhcturing facilities.

Rohan and Haas/Ion Exchange Resins - Philadelphia. PA - Tel. (800) RH AMBER - Fax: (215) 409-4534
Rohm and Haas/Ion Exchange Resins - 75579 Pans Cedex 12 - Tel. (33) I 40 02 50 00 - Fax : I 43 45 28 19

htpp://www.amberlite.com

ROHM!HRRS 19
AivlERLITE isa oridemcrv- of Rohm and Hois Companyond its alfihotes. Philadelphia U.S.A.
Ion e<change resins and polymeric adsorbents. as produced. contain by-products resulting from the manufactunng process. The user must determine the extent to which
organic by-products must be removed for any particular use and establish techniques to assure that the appropriate level of purty is achieved for that use. The user must
ensure compliance with all prudent safety standards and regulatory requirements governing the application. Except where specifically otherwise stated, Rohns and Haas
Company does riot recornmend its ion ecichange resin; or polymeric adsocberrts, as supplied. as being suitable orappropitutely pule for any particular use. Consult your Rohis
and Haas technical representative for further information. Acidic and basic regenecrant solutions are corrosive and should be handled in a manner that will pcrvent eye and sf-in
contact. Nitric acid and other strong oxidising agents can cause explosive type reactions when mixed swith Ion Exchange resins. Proper design of irocess equipment to prevent
rapid buildup of piessure is necessary if use of an ox.idising agent such as nitric acid is contemplated. Before using strong ovidisng agents in contact with Ion Exchange Resins,
consult sources knowledgeable in the handling of these materials.

R•oiirrr rid HKims Coiinifrry make; ,io 'uirunlieu eithe r epre!,ssed or i eirplirtd us lv die Occracuy or0 frfrii i'ie tese Irivr air ax;rassly e clurf anry hrbilily upoai Rulirri aird
Haas oosing out of its use. We recommend that lhe prospective users determine for themselves the suitability of Robi and Haas nateoials and suggestiaors for any use prior to their
adoption. Suggestions for uses of our products of the inclusion of descriphve material from patents and die cdiahon of specific patents n this publication should not be understood as
recomvrending the use of our products in violation of any patent or as permissionr or hcense to use any patents of the Rohn and Haas Company and its ahlates. Material Safety Data
Sheets outihmng tfe hiniazts arid handing ethvods for ou' product, aue ouailai-l on request.

I © 2o08 Rohm and Haas Company I PDS 0456 A Jan. 08 - 2.2



ROHMOHRRS M I Ion Exchange Resins

PRODUCT DATA SHEET

AMBERLITETM IRN78
Nuclear Grade Strong Base Anion Resin

AMBERIITE IRN78 resin is a uniform particle size
strongly basic gel type polystyrene anion exchange resin
supplied in the hydroxide form. This resin is nuclear
grade and processed to the highest purity standards
required for treating water in the nuclear power
induistry.

AM.BERIITE IRN78 resin contains a minimum of 95%
of the exchange sites in the hydroxide fonit and a
nmaximum of 0.1 % in the chloride form. The uniform
particle size and the absence of fine resin beads results
in a lower pressure drop compared to conventional
resins.

PROPERTIES

Physical form
Matrix
Functional group

Ionic form as shioocd

Total exchange capacity121

Moisture holding capacity
Shipping weight
Particle size

Uniftormity coefficient _

Halanonic inean size _ _II

< 0.300 n __n ill

Vqhole beads
Breaking weight (average)

> 200 g/bead

Ionic conversion __ _

Il' Conltratctual vluett

'm1 Aing' value ralculatedjwin statistical qualiy control

TW ,nelhods atntd SQC chatrs are availaIble on i-equ%'H.

Yellow spherical beads
Sty,'ene divinyllenzene copolymer

Trimethylammoninm

0H-

> 1.20 eq/L (0H" form)

54 to 60 % (OH- form)
690 g/L

_< 1.2

0.580 to 0.680 mm

0.2 % max

> 95 %
_> 350 g/bead

> 95 %

> 95 % OH-

•5 % CO3=

_0.1% CI-

•0.1% S04=

SUGGESTED OPERATING CONDITIONS

MaLximunm operating temperature
Minimum bed depth
Service flow rate
Service velocity

* /V (Bled Volume) = 1 n3 solution pyer n3 rexsin

60 'C
800 mm
8 to 50 BV*/h
60 rn/h maximumn

I C 2008 Rohm and Haas Company I PDS 0234 A - Jan. 08 - 1/2



PURITY
The manufacturing process for this resin is controlled to keep
inorganic impurities at the lowest possible level. Special
treatmnt( n proccdlllys arc also ised to rermove tlraces of
soluble organic compottnds. These high standards of resin

purity will help keep nuclear systems lfree of contaminants
and deposits, and prcecnt increases in radioactivitx levcls (fie

to activataion of inlrities in IICr iecaCtori core.

Purity mg/kg dry resin

A]
Ca

Co
Cu

Fe
Hg

K
Nig
Na
Ph

Total Cf
SiO).,

Total S04

_< 50

< 50

_< 30
_< 101

<50
_ 20

<40
• 50

_ 50
• 10

< 500
< 10(
< 600

Steam generator blow down purification:
AMBERLITE IR.N78 resin is cffcctive in renmoving anionic
impurities from secondart streams in the presence of
amintonia, morpholine or other amincs at elevated pH.

HYDRAULIC CHARACTERISTICS

Resin handling
To maintain the high purity of nuclear grade resins,
dcionizced water should he used ft- all resin ihandling. If the
resin requires backwashing, the bcd should be expanded a
ninimtin of 50 %. Sce figure 1.

Figure I Bed Expansion
120 10---

100 7

:S 80 - -,-"20 °C

9 60 - - 30C

40 --

20-

0 2 4 6 8 10 mnh

Backwash flow rate

Figure 2 shows the approximate pressure drop for each meter
of bed depth of ANIBERLITE 11N78 resin in nornmal
downflow operation at various temperatures and flow rates.
Pressure drop) data are valid at the start of the service run witlh

clear water.

APPLICATIONS
AMBERLITE IRN78 resin has proved highly eflective itn the
liollowing applications:

Primary water treatment:
ANIBERLITE IRN78 resin is very effective in renmoving
''lotinc and ' 5

loilinc its well as traces of chloride
coliltalillitatiotl I'rollt reactor coolalnt Svsticlls. It is also useftl
to control the boron level inl the prlimar' systeni.

Radwaste treatment:
ANIBERLITE IRN78 resin is very efflectivc in removing
radioactive anions such as '..lodine and '"lodine from waste

SV'5teIlS.

Decontamination:
AIMBERLITE IRN78 resin removes anionic radioactive
material from spent decontaminatinig soidhtiomis.

Figure 2: Pressure drop
kPa/nm

10'c
BO

30-

40

Sertice flow rate

All oUr products are produced in ISO 9001 certified manufacturing facilities.
Rohm and Haas/Ion Exchange Resns - Philadelphia. PA - Tel. (800) RH AMBER - Fax: (215) 409-4534

Rohrn and Haas/Ion Exchange Resins - 75579 Par-is Cedex 12 - Tel. (33) I 40 02 50 00 - Fax : I 43 45 28 19

htpp://www.amberlite.com

ROHM.HRRS M
AMBERLITE is a irodemorl. of Robin and Hoas Company ond its affiliates. Philadelphia. USA
Ion exchange resins and polymeric adsorbents, as produced. contain by-products resulting from the manufactuting process. The user must deterniine the extent to wh,ch organic by-
products must be removed for any particular use and establhh techniques to assure that th- appropnate level of purity is achieved for that use. The user must ensure compliance with
all prudent safety standards and regulatory requirements governing the applicaton. Except where specfically otherwise stated, Rohm and Hams Company does not recommend its ion
exchange resins or polymeric adsorbents. as supplied, as being suitable or0 appropriately pure for an:, particular use. Consult your Rohin and Hams technicil reprJesentative for futlher
information. Acidic and basic regenerant solutions are con'osive and should be handled in a manner that will prevent eye and skin contact. Nitnc acid and other strong oxidising agents
can cause explosive type reactions when mixed with Ion Exchange resins. Proper design o' proce.s equipment to prevent rapid buildup of pressure is necessary if use of an oxidising
agent such as ntric acid is contemplated. Before using strong oxidising agents in contact with Ion Evchange Resins, consult sources knowledgeable in the handling of these materials.

Rohi und H-taas Company mnakes to warranties eitlher eptessed xt implied a- tor the accuracy or oppropriotenets of ritese data ord espressy e.cludes any liability upon Rohm and Haos otiitng
out of its use. We tecartrnterld dot the pIto'pectivc users deterririne for dtetrtselves the sultubilty o SRobhm and Houa trmerials (tao su:gesvotns for anr'y use trlur to their adolttourt. Suggestions fjr
uses uf Uu pto nluct.S oftthe inclusion of desctiptive ittretttttl frott pa•ents otrd the citdtotr xlspe r-i,: pslteuttlt it s iriS publiccution shuod not be ttdetstoo, I us ret:tomtetditg ithe ise of afit prciucts
in volatiuon of any patent xc as permission or license to use any parents of the Roht urtd Haos Campany and its affiliares. Material Stlet Doto Sheets outlining the huzards antd handling
methods for out products are vailable on request.

1 © 2008 Rohm and Haas Company I PDS 0234 A Jan. 08 - 2/2



ROHMHRRS 19 I Ion Exchange Resins

PRODUCT DATA SHEET

AMBERLITE TM IRN97 H
Nuclear Grade Strong Acid Cation Resin

AMBERLITE IRN97 H resin is a uniform particle
size strongly acidic high capacity gelular polystyrene
cation exchanger supplied in the hydrogen form.
This resin is Nuclear Grade and processed to the
highest purity standards to meet tile most striligemit
requirements of the nuclear power industry.

AMBERLITE IRN97 H resin contains a minimum of
99 % of its exchange sites in the hydrogen form.

The uniform particle size and the absence of fine
resin beads results iii a lower pressure drop
compared to conventional resins.

PHYSICAL CHARACTERISTICS

Physical Formi
Matrix
Functional group

Ionic form as shipped

Total exchange capacity 121

Moisture holding capacity
Shipping weight
Particle size

Uniformity coefficient _ _ _ _

< 0.300 mm in_

Whole beads

Breaking weight (average)
> 200 g/head

Ionic conversion _

1 ontratl valueal m a j /
I'2'A7,m'ttg vatlue cabtihhttuet firm stril£icirl qutalilv ronblro

Dark amber translucent spherical beads
Polystyrene divinylbenzene copolymer
Sullonic acid
H-I+

> 2.15 eq/L (H+ form)

45 to 51 % (H+ form)
800 g/L

< 1.2

0.1 % max

_Ž98 %

2! 350 g/head
Ž>95 %

_> 99 % H+

SUGGESTED OPERATING CONDITIONS

Maximtim operating temperature
Minimum bed depth
Service flow r-ate
Service velocity,

4. I Bv (Ikel Vo4lume) = I m3 solution pe ?n3 resin

120 'C
800 mmin
8 to 50 BV*/h
60 in/h maximtuim

I © 2008 Rohm and Haas Company I PDS 0573 A - Har. 08 - 1/2



PURITY
The manufacturing process for this resin is controlled to
keep inorganic impunitiCs at the lowest possible level.
Special treatment proce(htire, are also used to rcllove
traces of soluble organic compounds. These high
standards of" resin purity will help keep nuclear systems
free of contaminants and deposits, and prevent increases
inl radioactivity levels due to activation of impuri ties in the
reacto rcore.

HYDRAULIC CHARACTERISTICS
Pressure drop
The approximate pressure drop for each meter of bed
depth of AMBERLITE IRN97 H resin in normal downflow
operatnlt at vanrioss tcnperatures and flow rates is shown
in the graph below. Pressure drop data are valid at the
start of the service run with it clear water.

Purity mglkg dry resin

Al
Co

Fe

Na

< 50
•< If)

<50

< 50

Figure I: Pressure Drop

kPa/m

120

10*C100 -

I0°C
80 0

a30"C
60 -

" 40

20

0 -- -
0 10 20 30 40 50 m/h

Service flow rate

APPLICATIONS

AMBERLITE IRN97 H resin has proved highly
effective in the following applications:

Primary water treatment:
Removal of fission products, activated corrosion
products, and suspended matter. It is also used to
control the pH of the reactor coolant stream by
remoing the excess 'Lithiutim.

Radwaste treatment:
Removal of radioactive cations such as "'Cesimn
from waste streams.

Decontamination:
Removal of cationic radioactive material from spent
decontaminating solutions.

Stream generators blowdown purification:
The high capacity of AMBERLITE IRN97 H resin
provddes a long service cycle in the removal of
cationic impurities in the presence of ammonia.

LIMITS OF USE

AMBERIITE IRN97 H resin is suitable for industrial
uses. For other specific applications such as
pharmaceutical, food processing or potable water
applications, it is recommended that all potential
Users seek advice from Rolin and Haas in order to
determine the best resin choice and optinium
operating conditions.

All our products are manufactured in ISO 90(11 certified fa.cilities.

Rohm and Haas/Ion Exchange Resins - Philadelphia, PA - Tel. (800) RH AMBER - Fax: (215) 409-4534
Rohm and Haas/Ion Exchange Resins - 75579 Pans Cedex 12 - Tel. (33) 1 40 02 50 00 - Fax: I 43 45 28 19

htpp://www.amberlite.com

ROHMWHRRS M
ANIBERLTE is a trademark ofRohm and Hans Company and its afhates. Philadelphia U.S.A.
Ion exchange resins and polymeric adsosbents. as produced. conLan by-products resulting fiom the manufactueng process. The user must determine the entent to which
organic by-products must be removed for any particular use and establish techniques to assure that the appropriate level of purty is achieved for that use. The user must
ensure compliance with all prudent safety standards and regulatory requirements governing the application. Except where specifcally otherwise stared, Rohm and Haas
Company does not reconrmend its ion e>change resins or polymeric adsorbents. as supplied, as beinig suitable or appropriately pure for any particular use. Consult your Rohin
and Haas technical representative for further information. Acidic and basic regenerant solutions are corrosive and should be handled in a manner that will prevent eye and skin
contact Nitric acid and other strong oxidising agents can cause explosise type reactions when mixed with Ion Exchange resins. Proper design of process equipment to prevent
rapid buildup of pressure is necessary if use of an onidising agent such as nitric acid is contemplated. Before using strong oxidising agents in contact with Ion Exchange Resins,
consult sources knowledgeable in the handling of these matenals.

RONitir aid HoO, Ctviplcrpy sakea so utittie eitet expiessesl 5, implied Ur5 to the uccutJLr ur (l styleites uf'Irene JutJ iid e.teanq-ssly eclurdes ariy l;rbility upon Ruhr, o,,d
Hoes arising out of its use. We recommend that the prospective users deterstine for theiselses the suitability of Rohm oend Huas moteriuls and suggeslioris for any use prior to their
dpoosioi. Suogestions for uses of our prodructs of the incl•sion of descripyve nsriteriol from purtents and sie oration O1 spcolrc patents itn this publicoaton shousld not be understood as

recommendrnq the use of our producls is violauion of any potent t uas petmistcon or licrnse to use any patents of lie Rohr aird Haas Company and its afflittres. Maiteril Safely Data
Sheets outlining the hazords and handihng methods for our products are ooailuble o0 request.
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ROHM'HRRS 12I Ion Exchange Resins

PRODUCT DATA SHEET

AMBERLITE TM IRN99
Nuclear Grade High Capacity Strong Acid Cation Resin

AMBERLITE IRN99 resin is a nuclear grade, gel type, strong
acid cation exchange resin with a combination of very high
capacity and oxiclative stability that enables a completely new
level of performance in nuclear power applications. It is
sold in the fully regenerated Hydrogen form and intended
for use in 0ion-regenemble single bed or mixed bed nuclear
s•stems which demand the ultimate in effluent pil'it,
operating capacity, and resin life. The particle size of
Amberlite IRN99 resin is specifically designed to give an
optimized balance of pressure drop, exchange kinetics. and
resistance to separation froom the anion exchange resin,
Amberlite IRN78 resin, when used in a mixed bed.

In BWR condensate polishing. Amberlite IRN99 resin can
help to achieve the lowest possible reactor water sulfate
levels. The exceptionally high DVB crosslinker level of
Amberlite IRN99 resin gives it the best oxidative stability of
any gel cation resin available, thus minimizing the release of
sulfonic acid leachables. Also Amberlite IRN99 resin is
made at a particle size which reduces the chance of creating

a separated cation resin layer at the bottom on the mixed
bed service vessel.

The Very high total capacity of Amberlite IRN99 resin,
typically 2.5 eq/L, delivers another important benefit, not
only int BWR condensate polishing, but also in other nuclear
applications such its PWR steam generator blowdown
treatment, PWR primary system (VCS resin beds, and even
radioactive waste demineralizers. The high total cation
exchange capacity catn produce a 15 to 30% increase in
operating throughput. Since the nuclear grade resins from
all these applications are generally disposed of as tad waste,
high capacity and long resin bed life ate critical to
minimizing rad waste disposal cost and volutme. For most
users, rad waste disposal cost will often exceed resin
ptrchatse cost, so high resin capacity directly translates into
savings in these nnn-regenerable nuclear applications.
Furthermore, longer bed life means fewer bed change-outs,
less work, less resin handling, and less chance for radiation
expostt re

PHYSICAL CHARACTERISTICS

Physical f __nn

Matrix

Functional group

Conversion to H' fornm

Total exchange capacity

Moisture holding capacity,

Shipping weight
Particle size

Uniformity coefficient

Through 50 mesh (0.300 mm)
Friability average

> 200 g/bead

Na
Al
Fe

Cti
Heavy Metals as Ph

Dark aniber translIcent spherical beads
Polystyrene divinylbenzene copolymer
Sulfonic acid
>99 %

> 2.40 eq/L (H+ form)

37 to 43 % (H+ fotni)
52.4 lb/ft3 (840 g/L)

< 1.2
0.1 % max
> 350 g/bead
>95 %
50) mg/kg dry maximum
50 mg/kg dry maximtum
50 mg/kg dry, maximum
10 mg/kg dry maximum
10 mg/kg dry maximum

SUGGESTED OPERATING CONDITIONS

Maximum operating temperature
Minintun bed depth
Service flow rate for condensate polishing (LV) -

Service flow rate for other applications (SV) -

60 to 140 0F (15 to 60°C)
36 inches
50 gpm/ft

2

1 to 6 gpm/ft3 (8 to 50 BV/h)

I © 2008 Rohm and Haas Company I IE-623EDS - Feb. 08 - 1/2



HYDRAULIC CHARACTERISTICS

The figure shows the pressure drop data for
AMNBERLITE IRN99 resin as a single component
resin, as a function of service flow rate and water
temperature. Pressure drop data are for clean,
classified beds which have not accumulated solids
during the service run. If the bed accumulates solids,
the pressure drop would increase. The pressure drop
of a mixed bed can be approximated by summing the
component pressure drops.

LIMITS OF USE

AIMBERLITE IRN99 resin is suitable for industrial
uses. For other specific applications such as
pharmaceutical, food processing or potable water
applications, it is recommended that all potential
users seek advice from Rohm and Haas in order to
determine the best resin choice and optimum
operating conditions.

Figure I: Pressure Drop
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All our products are mnanufactured in ISO 9001 certified facilities.

Rohm and Haas/Ion Exchange Resins - Philadelphia. PA - Tel. (800) RH AMBER - Fax: (215) 409-4534
Rohm and Haas/Ion Exchange Resins - 75579 Paris Cedex 12 - Tel. (33) I 40 02 50 00 - Fax : I 43 45 28 19

htpp://www.arnberlite.com

ROHMI HRRS IM
AMBERLITE is a trademark of Rohm and Haas Company and its cfiliates. Philadelphia, USA.
Ion exchange resins and polymeric adsorbents. as produced. contain by-products resulting from the manufactunng process. The user must determine the extent to which organic by
products must be removed for any particular use and establish techniques to assure that the appropriate level of purity is achieved for that use. The user must ensure compliance
with all prudent safety standards and regulatory requirements governing the application. Except where specifically otherwise stated. Rohm and Haas Company does not recommend
its ion exchange resins or polymeric adsorbents, as supplied, as being suitable or appropriately pure for any particular use. Consult your Rohm and Haas technical representative for
further information. Acidic and basic regenerant solutions are corrosive and should be handled in a manner that will prevent eye and skin contact. Nitric acid and other Strang
oxidising agents can cause explosive type reactions when mixed with Ion Exchange resins. Proper design of process equipment to prevent rapid buildup of pressure is necessary if
use of an oxidising agent such as nitric acid is contemplated. Before using strong oxidising agents in contact with Ion Exchange Resins. consult sources knowledgeable in the handling
of these materials.

Rohm aond Haas Company males no warranties either expressed or implied as to the accura.y or sappropriateness of these data and expressly esclrudes cny liability upon Rohm and Haus
arising out of its use. We recommend that the prospective users determine for themselves the suitsbilitv at Rohm and Haos materials and suggestions for any use peor to their adoption.
Suggestions for uses of our products of the inclusion of descriptive matenal from patents and the citation of specific patents in this publication should not be understood as recommendrrg the
use of our products in violation of any patent or as permission or license to use any patents of the Rohm and Haas Company and its afflihates. Matenal Safety Data Sheets outlining the
hazards and handling methods tor our products are available on request

I © 20)8 Rohm and Haas Company I IE-623EDS - Feb. 08 - 2/2



ROHM, HRRS M I Ion Exchange Resins

PRODUCT DATA SHEET

AMBERLITE TM IRN 150
Nuclear Grade Mixed Bed Resin

AMBERLITE IRN150 resin is a mixture of ULnifornm
particle size gel polystyrene cation and anion
exchange resins. AMBERLITE IRNI50 resin as
supplied contains a stoichiomctric equivalent of the
strongly acidic cation and the strongly basic anion

exchange resins. It is supplied in the fully

regenerated H+/OH- form. The resin combines the
properties of high capacity and excellent physical
strength.

PROPERTIES

Physical form.
N4:ativi

Spherical beads
Styrcne divinylbenzcnc copolymcr
690 g/L

matd-
Shrippinig %%,eight

Functional group

Ionic form as shipped

Total exchange capacity 1 121

Moisture holding capacity

Particle size

Harmonic mnean size [11

UrliforlniLV coefficient _ _ _

< 0.300 mm ini

Whole beads
Breaking weight (average)

> 200 g/bead

Ionic conversion

Cation resin
Sulphonic acid
H+

Anion resin
Trimethylanmnonium

0H-

> 1.90 eq/L (H+ form) > 1.20 eq/L (OH- form)

49 to 55 % (H' form) 54 to 60 % (OH- form)

0.600 to 0.700 mm 0.580 to 0.680 mm

< 1.2 (for each colipoheleLt)

0.2 % max
> 95 %
> 350 g/head

>95 %

>_ 99 % W >_ 95 % OH-
<5%

.0.1%

<0.1%

CI3-

SO4°

I. Intractual value

121 Average value calculoled fa•m statistical quailtv control

Test methods wnd SQC chais are available on request.

SUGGESTED OPERATING CONDITIONS

Maximum operating temperature
Minimum bed depth
Service flow rate
Maximinm Service velocity

I BV(Bed Volume) = I m3 solution pm nm. resin

60 'C
800 mm
8 to 50 BV*/h
60 m/h

I © 2008 Rohn and Haas Company I PDS 0545 A - Jan. 08 - 1/2



PURITY

AMBERLITE IRN150 resin is designated as a
nuclear grade resin and is manufactured using
special processing procedures. These procedures,
combined with a Rohin and Haas process to
redutce the chloride content of tie anion
component, produce material of the ultimate
purity and yield a product meeting the exacting
demands of the nuclear indtistlr.

AMBERLITE IRN150 resin is recommended in
any non-regenerable mixed bed application where
reliable production of the highest quality water is
required and where the "as supplied" resin nmtis
have an absolute minimum of ionic and non-ionic
contamnination.

APPLICATIONS

The purity and physical stability of AMBERLITE IRN 150
resin provides unsurpassed performance in nuclear
applications such as decontamination of primar, water.
.A\IBERLITE IRNI50 resin can also be used for a variety of
radwaste applications.

HYDRAULIC CHARACTERISTICS

Pressure drop
The approximate pressure drop for each meter of bed
depth of AMBERLITE IRN150 resin in normal downflow
operation at various temperatures and flow rates is shown in
the graph below.

Purity Cation Anion
mg/kg dry resin

A]
Ca

Co
Cu

Fe

Hg
K
Mg
Na
Pb

Total Cl
Sit.,

Total SO,

<50
<50

<30

<10

•50

<20

<40
<50
_< 50

<10

•50
• 50

< 30

<10

< 50

• 20

• 40
• 50
• 20

<10

_< 500
•_ 100

_< 600

Figure I Pressure drop
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RESIN HANDLING

To maintain the high purity of nuclear grade resins,
deionized water should be tsed for all resin handling.
Contact of the resin with air should also be minimized to
avoid CO,. pickup and subsequenI loss of capaciiy of ihe
an ion resin.

All oir prodducts arc produced in ISO 900)1 certificd mantfalctniritig facilities.

Rohm and Haas/Ion Exchange Resins - Philadelphia. PA - Tel. (800) RH AMBER - Fax: (215) 409-4534
Rohm and Haas/Ion Exchange Resins - 75579 Pans Cedex 12 - Tel. (33) 1 40 02 50 00 - Fax : I 43 45 28 19

htpp://www.am berlite.com

ROHM HRRS N
A/vSERLITE is a trademark of Rotlm and Haas Company ard its oi Poda . U.S.A.
Ion exchange resins and polymeric adsortents. as produced. curtain by-products resulting from the manufacturing process. The user must determine the extent to which
organic by-products must be removed for any particular use and establish techniques to assure that the appropriate level of purity is achieved for that use. The user must
ensure compliance with all prudent safety standards and regulatory requirements goverring the application. Except Where specifically otherwise stated, Rohm and Haas
Corrrpansy does not recommend its ion euchauge resins or polyirreric dsorrents, as supplied, as being suilable or appropriately pure for ally particular use. Colsault your Robim
and Haas technical representative for further information. Acidic and basic regenerant solutions are corrosive and should be handled in a manner that will prevent eye and skin
contact Nitric acid and other strong oxidising agents can cause explosive type reactions when mixed with Ion Exchange resins. Proper design of process equipment to prevent
rapid buildup of pressure is necessary if rise of an ovidising agent such as nitic_ acid is contemplated. Before using strong ooidising agents in contact with Ion Exchange Resins.
consult sources knowledgeable in the handling of these matenals.

Rohnr and Haas Company makes no waranties either expressed or implied as to the accuracy or appropriateness of these data and expressly excludes any liabihty upon Rohm and
Haas arising out of its use. We recommend that the prospective users decenirre for themselves die suitability of Rohm and Hans mrtebals and suggestions for any use prior to their
adopuon. Suggestions for uses of out products ol dre rnclusion of descriptbie matleral from patents and the otauon of specific poterts in this publication should not be understood as
recnrnmerdrng the Use of our prodicts in violation of any patent or as pepirission Dr license to use any patcents of the Rohm and Hans Comparoy and its affiliates. Materral Safety Data
Sieers oniutlning the hitzoiuf and rotlii'ling merhucfs for ou, productrc rre cuvniloble on re7tiest.

I © 2008 Rohni and Haas Conpany I PDS 0545 A - Jan. 08 - 2)2`



Rohm and Haas Company
Independence Mall West
Philadelphia, PA 19105

HEALTH EMERGENCY
SPILL EMERGENCY
OTHER
CHEMTREC

215-592-3000
215-592-3000
800-424-9300
800-424-9300

MATERIAL SAFETY
DATA SHEET
PRODUCT IDENTIFICATION

AMBERLITE® IRN- 150 Resin

Product Code
Key
MSDS Date
Supersedes

69855
891090-3
07/22/91
11/08/88

Rohm and Haas
Hazard Rating Scale

4=EXTREME

Toxicity 1 -HIGH
Fire 1 2-MODERATE

S1SLIGHT

Reactivity 0 O=INSIGNIFICANT
Special

Product as supplied is a mixed bed ion exchange resin, strongly
hydrogen ion form and strongly basic anion, hydroxide ion form.

acidic cation,

COMPONENT INFORMATION

No. CAS REG NO. AMT.(%)

I Sulfonated divinylbenzene/styrene
copolymer, H Ion form ...... 39389-20-3 35-50

2 Quat amine divinylbenzene/styrene
copolymer, OH ion form ...... 9017-79-2 I

3 Water ........ ............. . 7732-18-5 50-65

EMERGENCY RESPONSE INFORMATION
FIRST AID PROCEDURES

Eye Contact

Flush eyes with a large amount of water for at least 15 minutes. Consult a
physician if irritation persists.

Skin Contact

Wash affected skin areas thoroughly with soap and water.

FIRE FIGHTING INFORMATION

Unusual Hazards

Combustion generates toxic fumes of the following:
- sulfur oxides - nitrogen oxides

Extinguishing Agents

Use the following extinguishing media when fighting fires involving this material:
- carbon dioxide - dry chemical - water spray

CONTINUED

PAGE 1 of 6
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Rohm and Haas Company
independence Mall West
Pnilacelpnla, PA 19105

PRODUCT: AMBERLITEO IRN-150 Resin
KEY: 891090-3

DATE: 07/22/91

CONTINUATION

Personal Protective Equipment

Wear self-contained breathing apparatus (pressure-demand MSHA/NIOSH ap-
proved or equivalent) and full protective gear.

SPILL OR LEAK HANDLING INFORMATION

Personal Protection

Wear gloves made of the following material:
- butyl rubber
Additional personal protective equipment should include the following:
- safety glasses (ANSI Z87.1 or approved equivalent)

Procedures

Floor may be slippery; use care to avoid falling. Transfer spilled material to
suitable containers for recovery or disposal.

HAZARD INFORMATION
HEALTH EFFECTS FROM OVEREXPOSURE

Eye Contact

Material can cause the following:
- irritation

Skin Contact

Prolonged or repeated skin contact can cause the following:
- slight skin Irritation

FIRE AND EXPLOSIVE PROPERTIES

Flash Point .... ......... Not Applicable
Auto-ignition Temperature .... 500OC/932OF Estimate
Lower Explosive Limit ..... Not Applicable
Upper Explosive Limit ..... Not Applicable

REACTIVITY INFORMATION

Instability

This material is considered stable under specified conditions of storage, shipment
and/or use. See STORAGE AND HANDLING INFORMATION Section for specified
conditions. However, avoid temperatures above 200C/392F.

CONTINUED
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Rahar and Haas CoPuany
independence Mall West
Philadelphia. PA 19105

PRODUCT: AMBERLITE® IRN- 150 Resin
KEY: 891090-3

DATE: 07/22/91

CONTINUATION
Hazardous Decomposition Products

Thermal decomposition may yield the following:
- monomer vapors - sulfur oxides - alkylamines - oxides of nitrogen

Hazardous Polymerization

Product will not undergo polymerization.

Incompatibility

Avoid contact with strong oxidizing agents, particularly concentrated nitric acid.

ACCIDENT PREVENTION INFORMATION
COMPONENT EXPOSURE INFORMATION

Component Information

No. CAS REG NO. AMT.(%)

1 Sulfonated divinylbenzene/styrene
copolymer, H ion form ...... 39389-20-3 35-50

2 Quat amine dlvinylbenzene/styrene
copolyimer, OH ion form ...... 9017-79-2 I

3 Water ...... ............ 7732-18-5 50-65

Exposure Limit Information

Component ROHM AND HAAS OSHA ACGIH

No. Units TWA STEL TWA STEL TLV STEL

1 None None None None None None
2 None None None None None None
3 None None None None None None

PERSONAL PROTECTION MEASURES

Respiratory Protection

A respiratory protection program meeting OSHA 1910.134 and ANSI Z88.2 re-
quirements must be followed whenever workplace conditions warrant a
respirator's use. None required under normal operating conditions.

Eye Protection

Use safety glasses (ANSI Z87.1 or approved equivalent).

CONTINUED

PAGE 3 of 6
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Rohm and Haas Company
Independence Mall West
Philadelphia, PA 19105

PRODUCT: AMBERLITEO IRN-150 Resin
KEY: 891090-3

DATE: 07/22/91

CONTINUATION
Hand Protection

Chemically resistant gloves should be worn whenever this material is handled.
Gloves should be removed and replaced immediately if there is any indication
of degradation or chemical breakthrough.

FACILITY CONTROL MEASURES

Ventilation

The ventilation system employed is dependent on the user's specific application
of this material. Refer to the current edition of Industrial Ventilation: A Manual
of Recommended Practice published by the American Conference of Govern-
mental Industrial Hygienists for Information on the design, installation, use, and
maintenance of exhaust systems.

Other Protective Equipment

Facilities storing or utilizing this material should be equipped with an eyewash
facility.

STORAGE AND HANDLING INFORMATION

Storage Conditions

The minimum recommended storage temperature for this material is OC/32F.
The maximum recommended storage temperature for this material Is 49C/120F.
Avoid repeated freeze-thaw cycles; beads may fracture.

Handling Procedures

The maximum recommended operating temperature for this material Is 60C/1140F.
Properly designed equipment is vital if these ion exchange resins are to be used
in conjunction with strong oxidizing agents such as nitric acid to prevent a rapid
build-up of pressure and possible explosion. Consult a source knowledgeable
In the handling of these materials before preceding. Do not pack column with
dry ion exchange resins. Dry beads expand when wetted; this expansion can
cause glass columns to shatter.

SUPPLEMENTAL INFORMATION
TYPICAL PHYSICAL PROPERTIES

State ...... ........... Beads
pH ........ ............ 5-9 Aqueous slurry
Viscosity ...... .......... Not Applicable
Specific Gravity (Water = 1) . 1.1-1.3
Vapor Density (Air = 1) ..... < 1
Vapor Pressure .... ........ 17 mm Hg @20 0C/68°F Water
Melting Point ....... ......... 00 C/329F Water

CONTINUED

PAGE 4 of 6



Rohm and Haas Company
Independence Mall West
Philadelphia. PA 19105

PRODUCT: AMBERLITE® IRN- 150 Resin
KEY: 891090-3

DATE: 07/22/91

CONTINUATION
Boiling Point .... ......... 100 0 C/212 0 F Water
Solubility in Water .. ....... Practically insoluble
Percent Volatility .. ....... 50-65 % Water
Evaporation Rate (BAc = 1) . . . < 1 Water

TOXICITY INFORMATION

Acute Data

No toxicity data are available for this material.

WASTE DISPOSAL

Procedure

Unused resin may be incinerated or landfilled in facilities meeting local, state,
and federal regulations. For contaminated resin, the user must determine the
hazard and use an appropriate disposal method.

REGULATORY INFORMATION
WORKPLACE CLASSIFICATIONS

This product is considered non-hazardous under the OSHA Hazard Communication
Standard (29CFR 1910.1200).

This product is not a 'controlled product' under the Canadian Workplace Haz-
ardous Materials Information System (WHMIS).

TRANSPORTATION CLASSIFICATIONS

US DOT Hazard Class ..... NONREGULATED

EMERGENCY PLANNING & COMMUNITY RIGHT-TO-KNOW (SARA TITLE 3)

Section 311/312 Categorizations (40CFR 370)

This product is not a hazardous chemical under 29CFR 1910.1200, and therefore
is not covered by Title III of SARA.

Section 313 Information (40CFR 372)

This product does not contain a chemical which Is listed In Section 313 above
de minimis concentrations.

PAGE 5 of 6
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Rohm and Haas Company
Independence Mall West
Philadelphia, PA 19105

PRODUCT: AMBERLITE® IRN-150 Resin
KEY: 891090-3

DATE: 07/22/91

CERCLA INFORMATION (40CFR 302.4)

Releases of this material to air, land, or water are not reportable to the National
Response Center under the Comprehensive Environmental Response, Compen-
sation, and Liability Act (CERCLA) or to state and local emergency planning
committees under the Superfund Amendments and Reauthorization Act (SARA)
Title III Section 304.

RCRA INFORMATION

When a decision Is made to discard this material as supplied, it does not meet
RCRA's characteristic definition of ignitability, corrosivity, or reactivity, and is
not listed in 40 CFR 261.33. The toxicity characteristic (TC), however, has not
been evaluated by the Toxicity Characteristic Leaching Procedure (TCLP).

CHEMICAL CONTROL LAW STATUS

All components of this product are listed or are excluded from listing on the
U.S. Toxic Substances Control Act (TSCA) Chemical Substance Inventory.

AMBERLITE® is a trademark of Rohm and Haas Company or one of Its subsidiaries or affiliates.

ABBREVIATIONS:
ACGIH = American Conference of Governmental Industrial Hygienists
OSHA = Occupational Safety and Health Administration
TLV = Threshold Limit Value
PEL = Permissible Exposure Limit
TWA = Time Weighted Average
STEL = Short-Term Exposure Limit
BAc = Butyl acetate
Bar denotes a revision from previous MSDS in this area.

The information contained herein relates only to the specific material identified. Rohm and Haas Company
believes that such information in accurate and reliable as of the date of this material safety oate sheet,
but no representation, guarantee or warranty, express or implied, is made as to the accuracy, reliability,
or completeness of the information. Rohm and Haas Company urges persons receiving this information to
make their own determination as to the information's suitability and completeness for their particular ap-
plication.

94
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ROHM-HRRS 10 I Ion Exchange Resins

PRODUCT DATA SHEET

AMBERLITE TM IRN 160
Nuclear Grade Mixed Bed Resin

AM BERLITE IRN160 resin is a mixture of' uniforin
particle size gehilar polystyrene Cation and anion
exchange resins. AMBERLITE IRNI60 resin as supplied
contains a stoichiometric equivalent of the strongly acidic
cation and the strongly basic anion exchange resins. It is

supplied in the H+/OH- Form. ANIBERLITE IRN 160 resin
is designed for use in radwaste applications and deep bed

condensate polishing in BWR nuclear power plants. The
resin combines the properties of high capacity and
excellent resistance to bead tracture fronm attrition and
osmotic shock. The non separating properties of this resin
make it easily transferable froni one location to another,
leaving no cation layer that has separated from anion
resin.

PROPERTIES

Physical formi__
Matrix
Shipping weight

Uniform particle size spherical beads
Styrene divinvlbenzene copoly'mer
690 g/L

Functional group

Ionic form as shipped

Total exchange capacity

Moisture holding capacity
Particle size

Uniformity coefficient _ _ _

Harmonic inean size [ll

< 0.300 wini III

W'hole beads
Breaking weight (average)

> 200 g/bead

Ionic conversion

Cation resin
Stlphonic acid
H+

> 2.15 eq/L (H' forim)

45 to 51 % (H' tbrti)

< 1.2 (for each contponei

0.525 ± 0.05 mm1i

< 0.2 %

>95 %
_ 350 g/bead

>95 %

Ž>99 % H+

Anion resin
Trinmethlaymnsoniutn

OH"

_> 1.2 eq/L (OH- form)

54 to 60 % (OH- forin)

it)

0.630 ± 0.05 mm

>95 % OH-"'
<5 % "'

•0.1 %'t
<0.1%I

co:,

c1 _________

so,

111 iiehdtmds ~ando SQC t:/wrs atel available. on/ irquesl.

SUGGESTED OPERATING CONDITIONS

Maximurn operating teinperature
Minimttim bed depth
Service flow rate
Maximunm Sedrice velocity

* I BV(Bed Volume) = I m3 solhtion per w-3 resin

60 'C
800 mm
80 BV*/h
120 rn/h at 35-50 'C

I 0 2008 Rohm and Haas Company I PDS 0560 A - Mar. 08 - 1/2



PURITY

AMBERLITE IRN 160 resin is designated as a uncluar
grade resin atnd is manutifactured using special
processing procedures. These procedures, conibined
with a Rolin and Haas process to reduce the
chloride content of the anion cornportent, produce
inaterial of the ultinate puritsy alid Vieldt a product
meeting the exacting demands of the nuclear

industry.

AMBERLITE IRNI60 resin is recomrmended in any
non regenerable mixed bed application where
reliable production of' the highcst qualitv water is
requi redi al d where the "as st~ppliCd" resin ormust have
an absolute nO i ni trn of ionic and non ionic
contamination.

AMBERI,1TE IRNI60 mnakes it an excell rnt choice lior

* BWR deep bed condensate polishing

* Radwasre d cionisation

* Mixed bed dcionisation

HYDRAULIC CHARACTERISTICS

Pressure drop
The approximate pressure drop for each meter of bed
depth of AMBERLITE IRN I60 resin in normal downflow
operation at various temperatures and flow rates is shown in
the graph below. Pressure drop data are valid at. the start of
the service run with it clear water.

Purity Cation Anion
mg/kf dry resin

A]
Ca
Co

Cu
Fe
Hg

K
Mg
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LIMITS OF USE

AMBERLITE IIRNI60 resin is suitable For industrial uses. For
other specific applications such as pharnmaceutical, fond
processing or potable water applications, it is recoimmended
that all potential users seek advice friom Rohli and Haas in
order to dCetermitinire the best resit choice and optin it iii
operating conditions.

APPLICATIONS

The purity and physical stability of AMBERLITE
IRNI60 resin provides ulisurpassed performance in
nuclear applications. The non separating feature of

All our prorducts are manutactircred in ISO 9001 certified facilities.

Rohm and Haas/Ion Exchange Resins - Philadelphia. PA - Tel. (800) RH AMBER - Fax: (215) 409-4534
Rohm and Haas/Ion Exchange Resins - 75579 Pans Cedex 12 - Tel. (33) I 40 02 50 00 - Fax: I 43 45 28 19

htpp://www.amberlite.com

ROHM!HRRS M
A;VPIBERLTE is a (tademark of Robin and Haas Company and its a'liates Phiadelphia, U.S.A.
Ion exchange resins and polymeric adsor.rents. as produced. contain by-products resulting from the manufactunng process. The user must determine the extent to which
organic by-products must be removed for any particular use and establish techniques to assure that the appropriate level of purity is achieved for that use. The user must
ensure compirance with all prudent safety standarcds and regulatory requirements governing the application. Except where specifically otherwise stated, Rohm and Haas
Coirpary does riot recommend its ion exchange resins or polyrreric adsorbents. as supplied, as being suitable or appropriiately pure for" aiy particularr use. Consult your Roai
and Haas technical representative for further information. Acidic and basic regenerant solutions are corrosive and should be handled in a manner that will prevent eye and skin
contact N'Jitric acid and other strong oxidis ng agents can cause explosive type reactions when mixed with Ion Exchange resins. Proper design of process equipment to prevent
rapid buildup of pressure is necessary it use of an osidising agent such as nitinr acid is contemplated. Before using strong oaidising agents in contact with Ion Exchange Resins,
consult sources knowledgeable in the handling of these matenals.

Roher and Haas Company makes no urtanties either expressed or implied as to the accuracy at appropriateness of these data and expressly excludes any liability upon Rohn) und
Haas arising out of its use- We recommrend that the prospective users detennine for themnreves die surtabitity of Ronhm and Haas materials and suggestions for any use prior to their
adoption. Suggestions for uses of our products of the inclusion of descriptive material from patents and the citation of specific parents in this publication should not be understood as
recommending the ise of our products in violation of any patent or aLs permission Dr license to use any patents of the Rohm and Haas Company and its alfiliates Marenal Snrely Data
Sheers outlining the hazish nd hxndlhg methods for our pmdodiucrs ire availrble on request.
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ROHM'HRRS 19I Ion Exchange Resins

PRODUCT DATA SHEET

AMBERLITE TM IRN 170
Nuclear Grade Mixed Bed Resin

AMBERILITE IRN170 resin is a fully regenerated nuclear
grade mixed bed resin designed for the ultimate
performance in non-regenerable nuclear applications. The
cation component of this mixed bed product is Amberlite
IRN99 resin, which delivers the highest total capacity and
the best oxidative stability of any available catiom exchange
resin. This revolutionary highly cross-linked gel cation resin
is combined ill a I to 1 equivalent ratio with the proven
anion exchange resin, Amberlite IRN78 resin, to make
Amberlite IRNI70 resin. This new mixed bed is now the
resin of choice for nuclear applications which demand the
highest etflttent purity, highest operating capacity. and
longest resin life.

Amberlite IRN170 resin was originally developed for use in
BWR condensate polishers to help achieve the lowest
possible sulfate levels in reactor water. This is accomplished
through a combination of the extraordinary oxidative
stabilitv of the cation resin, and a particle size balance
between the cation and anion resins, which minimizes the

Forma tion of at re-sepa rated cati(n resin laver on the hotlom
of the service vessels. The purchase of Amberlite IRN170
resin as a pre-mixed resin also allows for faster initial rinse-
tip prior to senrice, which minimizes rinse waste water
VOIltile.
The exceptionally high total capacity of Amberlitc IRN170
resin delivers an important benelit, for many other nuclear
applications including PWR steam generator blowdown
treatment, PWR primaiy system Cx'CS resin beds, ftiel pool
demineralizers, and radioactive waste treatment. Since the
nuclear grade resins froom all these applications are generally
disposed of as rad waste, high capacity and long resin bed
life are critical to minimizing rad waste disposal cost and
volume. For most users, rad waste disposal cost will exceed
resin purchase cost, so higher resin capacity directly
translates into lower costs in these tnon-regenerable nuclear
applications. Longer bed life also brings significant
operational benefits such ias fewer bed change-outs, less
resin handling, and fewer chances for radiation expostire.

PHYSICAL CHARACTERISTICS

Physical form
Matrix
Chemical form
Shipping weight

Mixture of dark and light amber transhlcent spherical beads
Styrene divinylbenzene copolymer
I to 1 equivalent mixture of H' and 0H- form resins
43 lb/ft' (690 g/L)

Ftinctional group

Total exchange capacity 121

Moisture holding capacity

% Regenerated sites
% Cl form sites
Particle size

Retained on 50 mesh (0.300 mam)
Whole beads

Breaking weight (average)
> 200 g/bead

Na
Al
Fe
C0
Heavy Metals as Pb

Cation resin
Stilphonic acid

_> 2.40 eq/L (H+ form)

37 to 43% (H' form)
2! 99 % H

0.1 % max
-2!95%
> 350 g/bead
Ž95 %
50 mg/kg dry maximum
50 mg/kg dry maximutm
50 mg/kg dry maximum
10 mg/kg dry maximum
10 mg/kg dry maximum

Anion resin
Quarternany ammoniuttm

_? 1.2 eq/L (OH- form)

54 to 60 % (OH- formn)
_> 95 % OH
S0. 1%

I © 2008 Rohm and Haas Company I IE-626EDS - Mar. 08 - 1/2



SUGGESTED OPERATING CONDITIONS

Maximrnm operaling temperature
Minimumn bed depth
Service flow rate for condensate polishing (LV) _
Serice flow rate for other applications (SV)

HYDRAULIC CHARACTERISTICS

The figure shows the pressure drop data for
Arnbcrlite IRN 170 resin, as a function of service flow
rate and water temperature. Pressure drop data are
for clean beds which have not accumulated solids
during the service run. If the bed accumulates solids,
the pressure drop Would increase.

LIMITS OF USE

AMBERLITE IRN170 resin is suitable for industrial
uses. For other specific applications such as
pharmaceutical, food processing or potable water
applications, it is recommended that all potential
users seek advice fr'om Rohm and Haas in order to
determine the best resin choice and optimum
operating conditions.

60 to 140 'F (15 to 60°C)
36 inches
50 gpm /fte
1 to 6 gpm/ft3 (8 to 50 bv/h)

Figure I: Pressure Drop
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All our products are manufactured in ISO 9001 certified facilities.

Rohm and Haas/Ion Exchange Resins - Philadelphia, PA - Tel. (800) RH AMBER - Fax: (215) 409-4534
Rohm and Haas/Ion Exchange Resins - 75579 Pat-is Cedex 12 - Tel. (33) I 40 02 50 00 - Fax : I 43 45 28 19

htpp://www.amberlite.com

ROHM|HRRS IM
.AMBERLITE is a trademark of Rohm and Haus Company and its cfiiurcs, Philadelphia USA.
Ion exchange resins and pulymeric adsorbents. as pr oduced, contain by-products resulting froir the manufacturirng process. Thie user must determine the extent to which organic by-
products must be removed for any particular use and establish techniques to assure that the appropriate level of pLIrity is achieved for that use. The user must ensure compliance
with all prudent safety standards and regulatory requirements governing the application. Except where specifically otherwise stated, Rohm and H-laas Company does not recommend
its ion exchange resins or polymeric adsorbents, as supplied, as being suitable or appropriately pure for any particular use. Consult your Ronm and Haas technical representative for
further information. Acidic and basic regenemant solutions are conosrve and should be handled in a manner that wril prevent eye and skin contact. Nitric acid and other strong
oxidising agents can cause explosive type reactions when mixed with Ion Exchange resins. Proper design of process equipment to prevent rapid buildup of pressure is necessary rf
use of an oxidising agent such as nitric acid is contemplated Before using strong oxidising agents in contact with Ion Exchange Resins, consult sources knowledgeable in the handling
of these materials.

Rohm and Hoas Company makes no warranties either expressed or implied as to the accurafy or appropriateness of these data and expressly excludes any liability upon Rohm and Haas
arising out of its use. We recommend that tie prospective users determine for themselves the suitability of Rohm and Haas materials and suugestons for any use prior to their adoption.
Suggestions for uses of our products of the inclusion of descriptive material from patents and the citation of specific patents in thrs publication should not be understood as recommending the
use of our products in violation of any patent or as permission or license to use any patents of the Rohin and Haas Company and its affilrates. Material Safety Data Sheets outlining the
lruzurds and hundling methods far our prodrscts are cvailuble on recluesL
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ROHM- HRRS M I Ion Exchange Resins

PRODUCT DATA SHEET

AMBERLITE TM IRN217
Industrial Nuclear Grade Mixed Bed Resin

AMBERLITE IRN217 resin is a mixture of uniform
particle size getlhlar polystyrene cation and anion
exchange resins. AMBERLITE IRN217 resin as supplied
contains a stoichiometric equivalent of the strongly acidic
cation resin, fully converted in the 7 Lithium form, and
the strongly basic anion exchange resins. It is supplied in
the Li+/OH form. AMBERLITE IRN217 resin is designed

For use in primary water chemlistry control in t1VR nuclear
power operations. Only LiOH of certilied isotopic purity
greater than 99.9 % 7 Li is used in ita1t fdcturillIg the
cation component of AMBERLITE IRN217 resin. The
resin comlbines the properties of high capacity and
excellent resistance to head fracture from attrition and
osmotic shock.

PROPERTIES

Physical form_________________________

Matrix
Uniform particle size spherical beads
Styrene divinylbenzene copolymer
690 g/LShipping weight

Ftnctional group
Cation resin
Stilphonic acid
7
Li+

Anion resin
Tritnethylamnionium

0H-Ionic form as shipped

Total exchange capacity

Strong base capacity 121

Moisture holding capacity 121

Particle size

Uniformity coefficient
Harmonic mean size
< 0.300 min
Whole beads

Ionic conversion 12J

CO: =

CI-

so,=

:iAeriger vauhe ra/'laled .iom statsttical quality conoinl

e. -fotllethi (hid va l re
Test1 nethol.s andl SQC chart~s are available em request.

> 1.75 eq/L ('Li+ form) > 1.2 eq,/L (OH- form)
_>90 %

49-55 % (H+ form)

_< 1.2 (For each cornponei
0.650 + 0.05 mm
0.2 % max
98 % minimutn

99 % min 7Li1

54 - 60 % (0H- form)

it)
0.630 + 0.05 nmm

95 % min OH- -21

5 % max

0.1 % max

0.1 % max

RECOMMENDED OPERATING CONDITIONS

Maximum operating temperature
Minimum bed depth
Service flow rate
Service velocity_

* I BV(BBid Volume) = I m3 soutihuonl per ms3 rlin

60 'C
80011 mm
8 to 50 BV*/h
60 m/h maxilmtnm

I © 2008 Rohmn and Haas Company I PDS 0574 A - la. 08 - 1/2



PURITY
AMBERLITE IRN217 resin is designated as a nuclear

grade resin and is manufactured using special processing
pi't:€Idures. These procedures, con hinned with a Rollin
and Haas process to reduce the chloride content of the
anion corponent, produce material of the ultimate purity
and yield a product meeting the exacting demands of the
nuclear indiistry.

AMBERLITE IRN217 resin is recomniended in any non
regeiturable inixeld bed application1 whyene reliable
proIduction of the highest qualiw water is required and
where the "as supplied" resin must have atn absolute
ninimn iti(f ionic and non ionic containination.

The cation resin cotnponeit of AMIBERLITE IRN217
resin is supplied in the 7 Lithium form in order to
ulininise fIluctuations in the concentration in 7 Li in the
reactoir coolant, when a new purification mixed bed is put
into service. AdMBERLITE IRN217 is made tinly using
certified isotopically pure 7LiOlH in order to minimise the
undesirable reaction 6Li+n->3H+@.

The anion resin co'ponlent of AM BERLITE IRN217 resin
is ver-y highly regenerated to the hydroxide fori to insuire
tiat less diall 0.1 etiliivaleiit percent of the sites oil dlie
resin are in tile chloride lorni anidt 0.1 percent equivalent
in the sulphate finlm. Therefore, AMBERLITE IRIN217
resin can effectisel' control chloride and sulphate
impurities while operating in a 711/Borate soluttion.

HYDRAULIC CHARACTERISTICS
The approximate pressure drop fur each meter off bed
depth of AM BERIITE IRN217 resin in nornml downtl w

operation ait Valiolls tellperatnires and flow rates is shown
in the graph below.

Purity Cation Anion
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APPLICATIONS

AMBERLITE IRN217 resinis specifically designed tbr
miLxed beds for purification in the chemical and
vohlunitric control system of plressirised water reactors.

This application requires dte mixed bed to remove radio-
isotopes such ats 137 Cesium, 58 Cobalt. and 131 Iodine,
and also chemical cintaiiinants such as CI and SO,. Since
the primiiar' reactor coolant Contains relatti\vel high
background levels of boric acid buffered with 7LiO-I1, the
mixed bed resins will operate in the 7Li/Boratc form.

RESIN HANDLING
To rntain the high piurity standards of nuclear grade

resins, dcionised water should be used for all resin
handling. Contact of the resin with air should also be
mnininiised to avoid CO, pickup and subsequent loss of

capacity' of the anion resin.

All our products are niaiulfacttired ill ISO 9001 certified tacilities.

Rohrn and Haas/Ion Exchange Resins - Philadelphia, PA - Tel. (800) RH AMBER - Fax: (215) 409-4534
Rohm and Haas/Ion Exchange Resins - 75579 Paris Cedex 12 - Tel. (33) I 40 02 50 00 - Fax: I 43 45 28 19

htpp://www.amberlite.com

ROHM!HRRS M
ASMBERLITE rs a tradeinuak of Rohm und Haus Company and i' s affiates Philadelphia USA.
Ion exchange resins and polymeric adsortents. as produced. contair by-products resulting from the manufacturng process. The user must determine the extent to which
organic by-products must be removed for any particular use and establish techniques to assure that the approprate level of purity is achneved for that use. The user must
ensure compliance with all prudent safety standards and regulatory requirements governing the application. Except where specifically other'wise stated, Rohm and Haas
Conipany does rot recoirirriend its on enichange r'eiths or polynienc adsodientIs, as supplied, as being uilable oui pproprialely puae for any particular ue. Consult your Rolict
and Haas technical representative for further information. Acidic and basic regenerant solutions are corrosive and should be handled in a manner that wilt prevent eye and skin
contact. N'itric acid and other strong oxidising agents can cause explosive type reactions when mixed with Ion Exchange resins. Proper design of process equipment to prevent
rapid buildup of pressure is necessary if use of an oxidising agent such as nitric acid is contemplated. Before using strong onidising agents in contact with Ion Exchange Resins.
consult sources knowledgeable in the handling of these materials.

Rohm and Haaus Coumpony makes no werranties either expressed or implied as to the accuracy or appropriateness of these datta and expressly erdudes any liablity upon Rohm and
Haas or/sing out of its use. We recommend that the p'ospective users determine lot themsehes the suitability ofRPulin and Haus mnateriels and suggestiors l-o any use prior to their
adoption. Suggestions for uses of our products ol the inclusion of decriptve material from patents and the otaaon of specific patents in this pubhlcason should not be undeistood as
recommending cite use ofnoir products in violation of any patent or as permissiort or license to use any patents of the Rohei and Haes Company end its affiliates Mutenul Safety Datt
Sheets outirning the hcnzoeds finl hoitihng inetha,-Is for ou' prohicrs ine aertable on recuest
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ROHMIHRRS M I Ion Exchange Resins

PRELIMINARY PRODUCT DATA SHEET

AMBERLITE TM IRN3 17
Li 7 / OH form Nuclear Grade Mixed Bed

AMBERLITE IRN317 resin is a stoichiomnetric
equivalent mixed bed of gel strong acid cation resin in
the Li7 form and gel strong base anion resin in the OH
form. Amberlite IRN317 resin is specifically designed
for enhanced performance and long resin life in the
Chemical and Volume Control System (CVCS) of
Pressurized Water Reactors (PWR).

The cation resin used for this mixed bed is derived
from Amberlite IRN99 resin, which is a uniform
particle size, highly cross-linked gel cation exchanger.
The anion exchange resin in this mixed bed is
Ahiberlite IRN78 resin, which has a long established
record of performance and reliability in nuclear
applications.

The new highly crosslinked gel cation resin
component of this mixed bed delivers the highest total
capacity (typically 2.5 eq/L) and the best chemical and
oxidative stability of any available nuclear grade resin.
The enhanced oxidative stability significantly lowers
the release of organic sulfonates thus reducing sulfate
levels in the reactor coolant. The high level of
crosslinking also provides substantially increased
selectivity for removal of Cs'3 7 and other radioactive
species.

For additional information on the component resins
used in Aniberlite IRN317 resin, see the data sheets for
Amberlite IRN78 and Amnberlite IRN99 resins.

PROPERTIES

Physical Form-_
Mautix
Chemical Form-
Shipping Weight

Mixture of dark and light amber translucent spherical beads
Polystyrene divinylbenzene copolymer
I to I equivalent mixture of Li' and OH form resins
45 lbs/ft3 (720 g/L)

Ftunctional Group
Total Exchange Capacity
Moisture Content
% Regenerated Sites
% Cl form sites
Particle Size

Retained on 20 mesh (0.850 ram)
Through 40 mesh (0.425 mm)
Through 50 mesh (0.300 mm)il

Cation Resin
Sulfonic acid
_> 2.4 meq/ml (Li form)
33 - 40 % (Li form)
99% Li', minimutm

5 % maximum
5 % maximum
0.1% maximutm
50 mg/kg dry', maximu, m
100 mg/kg dry', maximum
50 mg/kg dly, maximum
50 mg/kg dry, maximum
50 mg/kg dry, maximtim

Anion Resin
Quaternary ammonitun
> 1.2 nmeq/ml (OH tbrln
54 - 64 % (OH form)
95% OH, minimum
0.1 % maximum

Fe
Cu
Al
Pb

SUGGESTED OPERATING CONDITIONS

Maximum Operating Temperature
Minimum Bed Depth
Service Flow Rate (Linear Velocity)

140 TF (60 °C)
36 inches
10 to 30 gpmn/ft

2
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APPLICATION HYDRAULIC CHARACTERISTICS

AMBERLITE IRN317 resin is specifically designed
for the purification of primary reactor coolant in
PWR plants. This application requires the removal
of c(137, CoM, 1':', other radioisotopes, and chemical
contaminants such as chloride and sulfate which may
appear in the reactor coolant. Since the reactor
coolant contains high background levels of boric
acid buffered with Li'OH, the mixed bed resins w~ill
operate in tie borate and Li7 form.

The cation resin component of Amberlite IRN317
resin is supplied in the Li7 form in order to minimize
fluctuations in the concentration of Li7 in the reactor
coolant when the mixed bed is first placed into
service. Amberlite IRN317 resin is made using only
certified isotopically pure Li7OFI in order to
minimize the undesirable reaction:

Li6 + n " H3 +ax.

The anion resin component of Amberlite IRN317
resin is very highly regenerated to the OH form to
insure that less than 0.1% of exchange sites are
present in the chloride form or the sulfate form.
Therefore Amberlite IRN317 resin can effectively
control chloride and sulfate impurities even while
operating at. high background concentrations of
lithitim and borate.

The approximate pressutre drop of Amberlite IRN317
resin in normal downflow operation is shown in the
figure below as a function of service flow rate and
water temperature. Pressure drop data are for clean
beds which have not accumulated solids during the
service rnn. If the bed accurmlates solids, the
pressure drop will increase.

Figure I Pressure Drop
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All our products are manufactured in ISO 9001 certified facilities.

Rohm and Haas/Ion Exchange Resins - Philadelphia, PA - Tel. (800) RH AMBER - Fax: (215) 409-4534

Rohm and Haas/Ion Exchange Resins - 75579 Paris Cedex 12 - Tel. (33) I 40 02 50 00 - Fax: I 43 45 28 19

htpp://www.amberlite.com

ROHM!HRRS I
.AMBERLJTE is a trademark of Rohm and Haas Company rind it- afifiies. Philadelphia. USA.
Ion exchange resins and polyrienc adsorbents. as produced. contain by-products resulting from the manufacturing process. The user must deternrine dire extent to which organic by-
products must be removed for any particular use and establish techniques to assure that the appropriate level of purity is achieved for that use. The user must ensure compliarce
with all prudent safety standards and rengulatory requirements governing the application. Except where specifically otherwise stated, Rohm and Haas Company does rot recommend
its ion exchange resins or polymeric adsorbents. as supplied, as being suitable or appropriately pure for any particular use. Consult your Rohm and Haas technical representative for
further inforrmation. Acidic and basic regenerant solutions are con'osive and should be handled in a manner that will prevent eye and skin contact. Nmic acid and other strong
oxidising agents can cause explosive type reactions when mixed with Ion Exchange resins. Proper design of process equipment to prevent rapid buildup of pressure is necessary if
use of an oxidising agent such as nitric acid is contemplated. Before rising strong oxrdising agents in contact with Ion Exchange Resins, consult sources knowledgeable in the handling
of these materials.

Rohm and Haas Conmpany makes no warranties either expressed or implied as to the accuroay or appropriateness of these data and expressly excludes any liability upon Rohm and Haas
arising out of its use. We recommend that tie prospective Users determine for themselves the suitabilrty of Rohm and Haas matenals and suggestions for any use prior to their adoption.
Suggestions for uses of our products of the inclusion of descriptive routenal from patents and the citation of specific patents in this publication should not be understood as recommending the
use of our products in violation of any patent or as pernission or license to use any patents of the Rohm aind Haas Company and its affiliates. Material Safety Data Sheets outlining the
huzurds uard hundling irrethods fur our products are available an request.
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At Siemens, we combine expert technical and operations
knowledge with the largest network of trained, field service
technicians. Our field support includes trained service personnel
with experience in maintaining and operating our own systems as
well as equipment provided by other companies. Our technicians
provide prompt, courteous service to help customers manage
their water treatment system with minimum downtime and
maximum use of direct labor and operating budgets. These
service technicians are ready to assist customers from over 85
offices in North America. Local service branches allow us to
schedule service and repairs when you need them, and keep
travel expenses to a minimum. In fact, we are positioned to reach
over 85% of the North American population in less than a two
hour drive.
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Resin products and services for
peak performance

Siemens' ion exchange resin program features

" Large inventory of stocked resins, including Siemens
resins and resins from other leading manufacturers

" Same day shipment of stocked resins
" Regional resin distribution/stocking centers

* Extensive analytical and testing laboratory

" Customized packaging and delivery options
" Disposal and investment recovery coordination

" Performance evaluation and optimization

" Service and preventative maintenance contracts

• Personnel training and start-up services
" Temporary/mobile water treatment systems

" 24/7 customer service

" Trained, technical support staff
" 85+ sales and service branches throughout

North America and Canada

Siemens' offers a complete support program to provide our
customers with the products and support services
necessary to maintain their ion exchange systems for peak
performance and long-term operation. In addition to
being the largest distributor of ion exchange resin, we also
provide a full range of services including analytical testing,
resin removal/reinstallation, cleaning and reconditioning.
For specialty applications, we offer customized high-purity
resin processing and blending to meet FDA requirements
for the food and beverage and pharmaceutical markets.
And, when it is time to dispose of your spent resin, we can
assist in coordinating options for investment recovery or
proper disposal. Siemens offers complete support at every
phase throughout the life of your system.

Industry-recognized products, experienced technical
support and an expertly trained field service team are all
available to you as part of the offering from Siemens.
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Quality Assured with Siemens Ion
Exchange Resin

Siemens ion exchange resin was developed in response to
inconsistent performance and quality trends experienced
in the resin marketplace. Siemens provides process
guarantees on all resins sold and therefore, it became
necessary to establish new, more stringent resin
performance specifications to ensure our resins met
stated expectations.

Siemens ion exchange resins are guaranteed to meet our
performance specifications. The resins are tested in our
state-of-the-art analytical laboratory to verify compliance
to specifications based on the following:

" Capacity
* Percent salt split capacity vs. total capacity
" Percent conversion
" Percent moisture
" Particle size
" Percent whole, cracked, broken
" Organic impurities
" Bead strength
" Metallic and inorganic impurities
" Kinetics

Additional performance testing is also available
upon request.

Some of the advantages to choosing Siemens brand
resin include:

" Life cycle cost savings when compared with
equivalent resin products

" Manufactured and tested tomeet higher,
more stringent performance specifications

" QA/QC programis ANSI N45.2, 1 OCFR50
(appendix B) and I OCFR21 compliant to
meet nuclear safety requirements

" Process performance guarantees available
upon request

" Extensive technical support and resin
application knowledge

• Annual resin analysis
• Custompackaging to meet your volume needs
• Certificates of Analysis, Certificate of

Conformance, and shelf life statements
available upon request

4



Siemens Ion Exchange Resin and
Media Cross Reference Guide
Siemens is the largest distributor of ion exchange resin. We are able to supply you resin from all of the leading manufacturers,
and are the largest stocking distributor of Dowexx• brand resin.

1 - ,riw 7 ....... D we

C-271

C-281

C-211

C-361

C-381

A-399

A-444

A-244

A-284

A-464

A-674

A-714

IRC-76

IRC-86

IR-120

(Amberjet" 1200)

IR-1 22

(Amberjet' 1500)

IR-200

IRA-96

IRA-67

IRA-410

(Amberjet" 4600)

IRA-400

(Amberjet' 4200)

IRA-402
(Amberjet' 4400)

IRA-900

IRA-458

CNP-80

cc

(Lewatit MonoPlus'-
5-100)

(Lewatit MonoPlus'!
S-200)

(Lewatit MonoPlus'
SP- 112)

(Lewatit MonoPlus:'

MP-64)

VPOC 1072

(Lewatit MonoPlus"•

M-600)

(Lewatit MonoPlus'1

M-500)

(Lewatit MonoPlus•;

MP-500)

VP OC 1071

C-249

C-250

WK-40

SK-1B

SK-1 10

PK-228

WA-30

SA-20A

SA-1 DA

SA-12A

PA-312

MAC-3
(Dowex Marathon"' MAC-3)

C-105

HCR-S
(Dowex Marathon,' C) C-10

HGR-W2
(Dowex Marathon"' C-10)

(Dowex Marathonr MSC) C-150

(Dowex Marathon' A-100
WBA-2)

A-845

ASB-2

ASB-I

ASB-1P

A-641

SAR
(Dowex Marathon'W A2)

SBR-C
(Monospherell 550A)

SBR-P
(Dowex Marathoný" A)

(Dowex Marathon'" MSA)

A-300

A-600

A-400

A-500

A-850

NRW-37TM-9

EDM

NR-6 IRN- 150 SM94

NR-14

NR-30

( ) indicates Uniform Particle Size Equivalent

NM-60

NM-73

(Dowex Marathon"'MR-3)

NRW-37

EXMB

5



Siemens Resins - General Industry Grade

-- I..

C-21 1

C-361

C-381

C-271

C-281

A-244

A-284

A-464

A-674

A-714

A-399

A-499

A-444

TM-8

TM-9

NR-6

NR-30

8% Gel

10% Gel

Macroporous

Acrylic Weak Acid

Acrylic Weak Acid

Gel Type I1

Gel Type I

Gel Type I Porous

Type IMacroporous

Acrylic Gel

Weak Base
Macroporous

UPS Weak Base

Acrylic Weak Base

Na and H

Na and H

Na and H

H

H

Cl and OH

Cl and OH

Cl and OH

Cl and OH

Cl

Free Base

Free Base

Free Base

Standard cation resin used for softening and demineralization.

Premium cation resin used in hot condensate polishing, and more resistant
to oxidative attack and physical attrition.

High cross-linked macroporous strong acid cation resin used in hot
condensate polishing, highly resistant to oxidative attack, and suitable at
elevated temperatures.

Acrylic weak acid macroporous cation resin used in dealkalizing and
softening.

Acrylic weak acid gel cation resin used in dealkalizing and softening.

Type II strong base gel anion with high regeneration efficiency.

Type I standard strong base gel anion used in demineralization with good
silica removal. Recommended in non-regenerable applications.

Type I porous strong base gel anion used in demineralization with good
silica removal. Recommended in regenerable applications.

Type I macroporous strong base gel anion used in demineralization with
good silica removal and better resistance to organic fouling. Recommended
in regenerable applications on surface influent waters.

Acrylic strong base anion resin used in demineralization and organic traps.
Highly resistant to organic fouling.

High capacity weak base anion resin used in demineralization and acid
removal applications. Excellent regeneration efficiency

Uniform particle size weak base anion resin.

High capacity weak base anion resin used in demineralization and acid
removal applications. Recommended in applications with high organics.
Excellent regeneration efficiency.

Mixed Bed HIOH

Mixed Bed

Mixed Bed

Mixed Bed

Mixed Bed

H/OH

H/OH

HIOH

H/OH

1:1 chemical equivalent mix of C-211 (H) and A-244 (OH). High capacity
general purpose mixed bed used in demineralizeration.

1:1 chemical equivalent mix of C-211 (H) and A-464 (OH). General
purpose mixed bed used in demineralization when silica reduction is
important.

1 :1 chemical equivalent mix of C-211 (H) and A-284 (OH). High capacity
general purpose mixed bed used in demineralization when silica reduction
is important.

1:1 chemical equivalent mix of C-361 (H) and A-464 (OH). General
purpose mixed bed used in demineralization when silica reduction is
important. Good separation characteristics for regenerable applications.

1:1 chemical equivalent mix of C-211 (H) and A-284 (OH). Recommended
for EDM and other metal removal applications.

EDM
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Siemens Resins - Electronics Grade

0 ff, FT- M Description

C-211 SG (H)

C-361 SG (H)

C-361MEG (H)

C-361 MEG PPQ (H)

C-381 SG (H)

C-373 SG (H)

A-284 SG (OH)

A-464 SG (OH)

A-464MEG (OH)

A-464MEG PPQ (OH)

A-254 SG (OH)

NR-6 SG (HIOH)

NR-30 SG (H/OH)

NR-30MEG (HIOH)

NR-3OMEG PPQ (H/OH)

NR-3OMEG NANO

8% Gel

10% Gel

10% Gel

10% Gel

Macroporous

UPS 10% Gel

Gel Type I

Gel Type I Porous

Gel Type I Porous

Gel Type I Porous

UPS Gel Type I Porous

H

H

H

H

H

H

OH

OH

OH

OH

OH

Specially processed cation resin for demineralization applications in which
low TOC leachables are desired.

Specially processed cation resin formixed bed demineralization

applications in which low TOC leachables are desired.

Specially processed cation resin formixed bed demineralization
applications in which low TOC leachables and extremely low cross

contamination are desired.

Upgraded USF C-361MEG (H) with extremely low sodium content

recommended for microelectronics applications.

Specially processed cation resin formixed bed demineralization

applications in which low TOC leachables are desired.

Uniform Particle Size version of USF C-361 SG (H).

Specially processed anion resin for demineralization
applications in which low TOC leachables are desired.

Specially processed anion resin for regenerable demineralization
applications in which low TOC leachables are desired.

Specially processed anion resin formixed bed demineralization

applications in which low TOC leachables and extremely low
cross contamination are desired.

Upgraded USF A-464MEG (OH) with extremely low sodium

content recommended for microelectronics applications.

Uniform Particle Size version of USF A-464 SG (OH).

1:1 chemical equivalent mix of C-211 SG (H) and A-284 SG

(OH). High capacity mixed bed ideal in non regenerable
applications requiring low TOC leachables.

1:1 chemical equivalent mix of C-361 SG (H) and A-464 SG
(OH). Ideal for regenerable applications requiring low TOC

leachables.

1:1 chemical equivalent mix of C-361 MEG (H) and A-464MEG

(OH). Ideal for regenerable applications requiring low TOC
leachables and extremely low cross contamination.

Upgraded USF NR-3OMEG (HIOH) with extremely low sodium

content recommended for microelectronics applications.

The ultimate grade in mixed bed purity

Mixed Bed

Mixed Bed

Mixed Bed

Mixed Bed

Mixed Bed

HIOH

HIOH

HIOH

HIOH

HIOH
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Siemens Resins - Pharmaceutical/Food
and Beverage

C-211 XRR

C-361 XRR

A-244 XRR

A-464 XRR

TM-8 XRR (H/OH)

TM-9 XRR (HIOH)

8% Gel

10% Gel

Gel Type II

Gel Type I Porous

Mixed Bed

Mixed Bed

Na and H Cross regenerated with FDA compliant process for use in food,pharmaceutical and dialysis applications.

Na and H Cross regenerated with FDA compliant process for use in food,
pharmaceutical and dialysis applications.

CI and OH Cross regenerated with FDA compliant process for use in food,
pharmaceutical and dialysis applications.

CI and OH Cross regenerated with FDA compliant process for use in food,
pharmaceutical and dialysis applications with low silica requirements.

H/OH Cross regenerated with FDA compliant process for use in food
and pharmaceutical applications.

H/OH Cross regenerated with FDA compliant process for use in food,pharmaceutical and dialysis applications.
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SiemensResins - Condensate Polishing
and Nuclear

NR-1 (H) 8% Gel

C-361C (H) 10% Gel

C-381C (H) Macroporous

C-373 PSSG (H) UPS 10% Gel

C-PURCAT C-373C (H) UPS 10% Gel

PURCAT C-471C (H) UPS 16% Gel

C-471 RLS (H) 16% Gel

TCD-I (H) Indicator Dyed 8% Gel

NR-2 LC (OH) Gel Type I

A-284C (OH) Gel Type I

A-284 LS (OH) Gel Type I

A-284 RLS (OH) Gel Type I

A-464 LC (OH) Gel Type I Porous

A-464MEG (OH) Gel Type I Porous

A-254 PSSG (OH) UPS Gel Type I Porous

A-674 PSMBSG (OH) Macroporous

NR-6 LC (HIOH) Mixed Bed

H

H

H

H

H

H

H

H

OH

OH

OH

OH

OH

OH

OH

OH

H/OH

H/OH

H/OH

HIOH

H/OH

HIOH

Li71OH

Low metals and low leachables cation resin for use in primary, secondary
and rad waste applications.

Low metals and low leachables cation resin for use in condensate polishing

and high flow applications.

Low metals and low leachables macroporous cation resin for use in high flow
and high temperature applications.

Low metals and low leachables uniform particle size cation resin processed

for superior separation in regenerable mixed bed applications.

Uniform particle size cation resin super cleaned per our patented processing
procedure for use in applications requiring the critically low TOC extractables
such as condensate polishing applications using alternate amine chemistry.

Uniform particle size cation resin super cleaned per our patented processing
procedure for use in applications requiring the critically low TOC extractables

such as condensate polishing applications using alternate amine chemistry.

Low metals and low leachables high cross linked cation resin for use in

condensate polishing applications with extremely low sodium requirements.

Indicator dyed cation resin used in conductivity measurements

Low chloride, low leachable anion resin for primary, secondary and rad
waste applications

Low leachable anion resin processed for high kinetics and superior
separation inmixed bed applications.

Less separable anion resin with low leachables for use in BWR condensate
polishing and anion underlayment applications.

Specially processed anion resin for condensate polishing applications with
extremely low sodium requirements.

Low chloride, low leachable anion resin for use in primary, secondary and

rad waste applications.

Low leachable anion resin processed for superior separation,

Uniform particle size anion resin processed for low leachables and superior
separation.

Macroporous anion resin processed for low leachables and superior separation.

Low chloride, low leachable mixed bed for use in primary and rad waste
applications.

Low chloride, low leachable mixed bed for use in primary, secondary,

condensate polishing and rad waste applications

Uniform particle size high cross linked gel cation and uniform particle size
gel anion mixed bed processed for low leachables and superior separation in

condensate polishing applications.

High cross linked gel cation and gel anionmixed bed designed for steam
generator blow down demineralization applications with extremely low
sodium requirements.

High capacitymixed bed designed for stator cooling applications.

Macroporous cation, gel anionmixed bed with low leachables and low
chlorides designed for blow down demineralization applications and
suppression pool for cobalt and cesium control.

Lithium 7 hydroxide for mixed bed with low leachables and low chlorides for

use in primary systems.

NR-31 LC (H/OH)

NR-57 LC (H/OH)

NR-63 RLS (H/OH)

NR-62 Stator Cooling

(H/OH)

NR-35 LC (H/OH)

Mixed Bed

Mixed Bed

Mixed Bed

Mixed Bed

Mixed Bed

NR-20 LC (Li7/OH) Mixed Bed



I -- all

Specialized services for system
efficiency and cost effective operation

To ensure optimum performance, Siemens recommends

periodic laboratory analysis of your ion exchange resin.
Siemens owns and operates a state-of-the-art laboratory
and is capable of determining resin quality, as well as
diagnosing operating problems and evaluating new ion
exchange products.

Siemens' team of trained professionals will provide
complete project coordination, from predisposal testing to
new resin installation to used resin landfill disposal or
investment recovery (used resin brokers). With complete
responsibility in Siemens' hands, you can be assured that
your project will be completed professionally, on schedule,
within budget and most importantly, in full compliance
with all local and governmental regulations.

Removal and Replacement Service includes:
1. Pre-disposal Toxicity Characteristic Leachable Procedure

(TCLP) testing for hazardous chemicals and metals.
2. Pre and post disposal documentation.
3. Removal of existing resin.
4. Visual inspection of the service vessel.
5. Installation of the new resin.
6. Pre-arranged disposal at a licensed land fill or

investigate potential investment recovery through
used resin brokers.

Standard laboratory resin testing
• Capacity before/after clean up steps
" Percent moisture
" Particles size
" Iron Fouling
" Microscopic visual examination

Additional testing available
• Percent conversion
" Bead strength
" Metallic impurities
" Cross contamination
" Kinetics (Mix Bed Test)
" Kinetics (MTOC Extractables
" 16 hour soak Dynamic Mass Transfer)
" Organic Cl, S04 TOC Extractables
" 16 hour soak (UV)
" Dynamic (UV)
" X-Ray Fluoresence
" Terminal Settling Velocity (TSV)
" Super Fines (-60 mesh)
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Siemens provides resin processing services tomeet
customers high purity needs. Our specially designed facility
uses microelectronics grade water (typically <3 ppb TOC,
18+Megohm and <50 ppt Na) to ensure the integrity of the
processes.

Special customer requirements may include:
• Extremely low organic leachable impurities (TOC, UV

Cl, UV S04, etc.)
" Conversion to specific ionic forms (Li-7, K,Ca, various

amines, etc.)
" Terminal Settling Velocity Modified (for improved

separability)
" Custom mixing and blending of resins
• Custom packaging of resins (Mylar®, Heat sealed, 0.5-7

CF drums, 20-35 CF supersacks)
" FDA cycling for food and pharmaceutical applications

(taste and odor free)

Resin cleaning and reconditioning services provide an
option for salvaging fouled, cross-contaminated and/or
exhausted resin. Siemens can remove resins, transport
them to our local processing plant, convert the resins and
return them to your facility. Resin cleaning extends the
resin's useful life, minimizes operating costs and reduces
system downtime. The resin can be transported to and
from the job site via tanker truck, 55 gallon drum, lined
fiber drum, or super sack.

Siemens offers bulk delivery of new resin and disposal of
spent resins. We eliminate drum handling by slurrying
the resin directly from your water treatment service
vessels to one of our company-owned tanker trucks. Bulk
transportation greatly reduces the labor and steps
involved with the documentation and administrative
controls associated with temporary on-site and off-site
disposal of resin.

An important part of the Siemens service offering is to
assist customers achieve maximum performance from
their ion exchange system. Our proprietary, Performance
Evaluation Program is a computer-based tool which
evaluates current operating conditions and economic
factors versus theoretical data. This allows us to evaluate
the current resins, system operating parameters and
replacement times, and make appropriate
recommendations
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SIEMENS

USF A-254 PSSG OH ANION RESIN

Description:

USF A-254 PSSG OH anion resin is a specially processed resin for nuclear applications. The
starting material, USF A-254, is a Type I uniform particle size strong base gel anion resin that has
been specially processed by Siemens for low TOC and enhanced separability.

Chemical Properties

Functional Group
Ionic Form (as Shipped)
Moisture Content
Exchange Capacity
Kinetics
Conversion to Hydroxide Form
Impurities

Chloride (CI)
Sulfate (SO4 )
Carbonate (C0 3)

Trimethylamine
Hydroxide
42 - 50% (CI form)
1.0 meq / ml minimum (OH form)
18 megohm (Siemens Kinetics Test)
94% minimum

0.2% maximum
0.2% maximum
5% maximum

Particle Size
+ 20 Mesh
- 50 Mesh

Effective Size
Whole Beads (%)
Friability

Physical Properties

2% maximum
0.2% maximum
590 ±50 pam
95 minimum
350 g / bead average
90% > 200 g / bead

Operating Conditions

Operating pH Range
Service Flow Rate

Demineralization
Condensate Polishing

Regenerant Flow Rate
Rinse Flow Rate
Rinse Volume
Maximum Operating Temperature
Shipping Weight

0 to 14

1-6 GPM/ft2

1-65 GPM/ft2 (dependent on operating conditions
and performance expectations)

0.25 - 0.5 GPM/ft3

0.25 - 0.5 GPM/ft3 initially, then 1.5 GPM/ft3

60 - 75 gal/ft3

140OF
40 lbs. / cu. ft.

TECH SHEET MED-508



SIEME

USF A-464 MEG (OH) ANION RESIN

Description:

USF A-464 MEG (OH) is a Type I porous strong base gel anion resin consisting of a styrene
divinylbenzene polymer matrix functionalized with a quaternary amine supplied in the hydroxide form.
This resin has the ability to remove anions and weak acids from aqueous solutions, such as carbonic
and silicic acids. This resin product is specially processed to provide excellent mixed bed separation,
low TOC leachables, and is analyzed kinetically to ensure it is capable of producing 18 megohm
mixed bed deionized water.

Chemical Properties

ENS

Functional Group
Ionic Form (as shipped)
Moisture Content
Exchange Capacity
Conversion to Hydroxide Form
Impurities

Sulfate (SO4)
Chloride (Cl)
Carbonate (CO 3)

TOC Leachables at 15 Bed Volumes
Metals at 15 Bed Volumes
Kinetics

Trimethylamine
Hydroxide
52 - 59% (Cl form)
1.0 meq / ml minimum (OH form)
94% minimum

0.2% maximum
0.1% maximum
5% maximum
< 10 ppb maximum as a mixed bed with low TOC cation
Low ppt levels (feed water dependent)
18 megohm (Siemens Kinetics Test)

Physical Properties

Particle Screen Sizing
+ 16 Mesh
- 50 Mesh

Uniformity Coefficient
Whole Beads (%)
Shipping Weight
Friability

3% maximum
0.5% maximum
1.5 maximum
95 minimum
40 lbs. / cu. ft.

350 gm / bead
90% minimum > 200 g/bead

Operating Conditions

Operating pH Range
Service Flow Rate
Regenerant Flow Rate
Rinse Flow Rate
Rinse Volume
Maximum Operating Temperature

0to 14
2- 4 gpm / cu. ft.
0.25 - 0.5 gpm / cu. ft.
0.25 - 0.5 gpm / cu. ft. initially, then 1.5 gpm / cu. ft.
60 - 75 gallons / cu. ft.
140OF

TECH SHEET MED-308



SIEMENS

USF A-464LC OH ANION RESIN

Description:

USF A-464LC OH is a Type I porous strong base gel anion resin consisting of a styrene divinylbenzene
matrix supplied in the hydroxide form. This resin product is specially processed to provide excellent
mixed bed separation, low TOC leachables and very low chloride content. It is analyzed kinetically to
ensure it is capable of producing high-quality mixed bed deionized water.

Chemical Properties

.. .. .mn

Functional Group
Ionic Form (as shipped)
Moisture Content
Exchange Capacity
Conversion to Hydroxide Form
Impurities

Sulfate (SO4)
Chloride (CI)
Carbonate (CO3 )

Kinetics

Trimethylamine
Hydroxide
52 - 59% (CI form)
1.0 meq / ml minimum (OH form)
94% minimum

0.5% maximum
0.1% maximum
5% maximum
> 17 megohm (Siemens Kinetics Test)

Physical Properties

Particle Screen Sizing
+16 Mesh
-50 Mesh

Whole Beads (%)
Shipping Weight

5% maximum
0.5% maximum
90 minimum
40 lbs. / cu. ft.

Operating Conditions

Operating pH Range
Service Flow Rate
Regenerant Flow Rate
Rinse Flow Rate
Rinse Volume
Maximum Operating Temperature

0to 14
2 - 4 gpm / cu. ft.

0.25 - 0.5 gpm/cu. ft.
0.25 - 0.5 gpm / cu. ft. initially, then 1.5 gpm / cu. ft.
60 - 75 gallons / cu. ft.
140°F

TECH SHEET MED-608



SIEMENS

USF A-674PSMBSG OH ANION RESIN

Description:

USF A-674PSMBSG OH is a Type I strong base macroporous anion resin consisting of a styrene
divinylbenzene matrix supplied in the hydroxide form. The general appearance is an opaque hard
spherical bead. This resin is resistant to organic fouling from waters containing dissolved organics
and is used in condensate polishing or other applications requiring excellent physical stability.

Chemical Properties

.." "-{ .... 7rlllll[ .

Functional Group
Ionic Form (as shipped)
Moisture Content
Exchange Capacity
Kinetics

Trimethylamine
Hydroxide
54 - 64% (Cl form)
0.9 meq / ml minimum (OH form)
> 17 megohm (Siemens Kinetics Test)

Physical Properties

Particle Screen Sizing
+16 Mesh
-50 Mesh

Whole Beads (%)
Shipping Weight

3% maximum
0.5% maximum
95 minimum
40 lbs. / cu. ft.

Operating Conditions

Operating pH Range
Service Flow Rate
Demineralization
Condensate Polishing

Regenerant Flow Rate
Rinse Flow Rate
Rinse Volume
Maximum Operating Temperature

0to 14

1-6 GPM/ft
2

1-65 GPM/ft2 (dependent on operating conditions
and performance expectations)

0.25 - 0.5 gpm / cu ft
0.25 - 0.5 gpm / cu ft initially, then 1.5 gpm / cu ft
60 - 75 gallons / cu ft
140°F

TECH SHEET MED-108



SIEMENS

USF C-361 MEG (H) CATION RESIN

Description:

USF C-361 MEG (H) is a 10% cross-linked gel strong acid cation exchange resin consisting of a sulfonated
polymer matrix of styrene and divinylbenzene supplied in the hydrogen form. The resin has a high
exchange capacity, excellent stability at elevated temperatures, and superior resistance to oxidizing agents.
It has been specially processed to provide high quality mixed bed separation and analyzed kinetically to
ensure the capability of producing 18 megohm mixed bed deionized water. This resin is specially
processed to be low in TOC leachables.

Chemical Properties

Functional Group
Ionic Form (as shipped)
Moisture Content
Exchange Capacity
Conversion to Hydrogen Form
TOC Leachables at 15 Bed Volumes

Metals at 15 Bed Volumes
Kinetics

Sulfonic Acid
Hydrogen
46 - 51% (H form)
2.0 meq / ml minimum (H form)
99% minimum
_< 10 ppb maximum as a mixed bed with low TOC
anion
Low ppt levels (feed water dependent)
18 megohm (Siemens Kinetic Test)

Physical Properties

Particle Screen Sizing
+ 16 Mesh
- 50 Mesh

Uniformity Coefficient
Whole Beads (%)
Shipping Weight
Friability

2% maximum
0.2% maximum
1.5 maximum
95 minimum
51 lbs. / cu. ft.
500 gm / bead (average)
95% > 200 g / bead

Operating Conditions

Operating pH Range
Service Flow Rate
Regenerant Flow Rate

HCI
H2SO4

Rinse Flow Rate
Rinse Volume
Maximum Operating Temperature

1 to 14
1 to 50 gpm /ft

0.5 to 1.0 gpm / cu. ft.
0.5 to 2.0 gpm / cu. ft.
0.5 to 1.5 gpm / cu. ft.
40 to 75 gallons / cu. ft.
250°F

TECH SHEET MED-308



SIEMENS

USF C-361C H CATION RESIN

Description:

USF C-361C H is a 10% cross-linked gel strong acid cation resin in bead form. The resin has a
high exchange capacity, excellent stability at elevated temperatures, and superior resistance to
oxidizing agents. It has been specially processed to provide high-quality mixed bed separation
and analyzed kinetically to ensure the capability of producing high-quality mixed bed deionized
water. This resin is used in condensate polishing or other applications requiring excellent physical
stability.

Chemical Properties

Ionic Form (as shipped)
Moisture Content
Exchange Capacity
Conversion to Hydrogen Form
Kinetics

Hydrogen
46 - 51% (H form)
2.0 meq / ml minimum (H form)
99% minimum
> 17 megohm (Siemens Kinetics Test)

Physical Properties

Particle Screen Sizing
+ 16 Mesh
- 50 Mesh

Friability
Average
% > 200gm / bd

Whole Beads (%)
Shipping Weight

2% maximum
0.5% maximum

350 grams / bead minimum
95%
95 minimum
51 lbs. / cu. ft.

Operating Conditions

Operating pH Range
Service Flow Rate

Demineralization
Condensate Polishing

Regenerant Flow Rate
Rinse Flow Rate
Rinse Volume
Maximum Operating Temperature

1 to 14

1-6 GPM/ft2

1-65 GPM/ft 2 (dependent on operating conditions
and performance expectations)

0.5 to 2.0 gpm / cu. ft.
0.5 to 1.5 gpm / cu. ft.
40 to 75 gallons / cu. ft.
250OF

TECH SHEET MED-308



SIEMENS

USF C-373 PSSG H CATION RESIN

Description:

USF C-361C H is a uniform particle size 10% cross-linked gel strong acid cation resin in bead
form. The resin has a high exchange capacity, excellent stability at elevated temperatures, and
superior resistance to oxidizing agents. The resin is processed by Siemens for enhanced
separability, low TOC and high kinetics and is analyzed kinetically to ensure the capability of
producing 18 megohm mixed bed deionized water.

Chemical Properties

Ionic Form (as shipped)
Moisture Content
Exchange Capacity
Kinetics
Conversion to Hydrogen Form

Hydrogen
46 to 51% (H form)
1.9 meq / ml minimum (H form)
18 megohm (Siemens Kinetics Test)
99% minimum

Physical Properties

Particle Screen Sizing
+ 16 Mesh
- 50 Mesh

Mean Size
Whole Beads (%)
Friability

Average (gm / bd)
% > 200 gm / bd

Swelling
Shipping Weight

2% maximum
0.2% maximum
600 to 700 microns
95 minimum

350
95
6% sodium to hydrogen form
50 lbs. / cu. ft.

Operating pH Range
Regenerant Flow Rate
Rinse Flow Rate
Maximum Operating Temperature

Operating Conditions

1 to 14
0.5 to 1.0 gpm / cu. ft.

0.5 to 1.0 gpm / cu. ft.
250°F

TECH SHEET MED-308
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USF C-381C H CATION RESIN

Description:

USF C-381C H is a strong acid cation exchange resin that is manufactured from polystyrene and
is cross-linked with divinylbenzene. This resin is a macroporous cation with an opaque bead
appearance and is supplied in the hydrogen form. This type of resin is more resistant to chemical
attack and has been processed by USFilter to meet the following specifications for low TOC and
high kinetic requirements.

Chemical Properties

lENS

Ionic Form (as shipped)
Moisture Content
Exchange Capacity
Kinetics

Hydrogen
49 to 56% (H form)
1.7 meq / ml minimum (H form)
> 17 megohm (Siemens Kinetics Test)

Physical Properties

Particle Screen Sizing
+ 16 Mesh
- 50 Mesh

Effective Size (Approximate)
Swelling
Whole Beads (%)
Shipping Weight

5% maximum
1% maximum
0.47 - 0.63 mm
5% sodium to hydrogen form
95 minimum
48 lbs. / cu. ft.

Operating Conditions

Operating pH Range
Service Flow Rate

Demineralization
Condensate Polishing

Regenerant Flow Rate
Rinse Flow Rate
Rinse Volume
Maximum Operating Temperature

1 to 14

1-6 GPM/ft
2

1-65 GPM/ft2 (dependent on operating conditions
and performance expectations)

0.5 to 2.0 gpm / cu. ft.
0.5 to 2.0 gpm / cu. ft.
25 to 50 gallons / cu. ft.
250°F

TECH SHEET MED-308



SIEMENS

USF NR-1 CATION RESIN

Description:

USF NR-1 is a premium grade, 8% cross-linked gel, strong acid cation resin in bead form. The
resin has a high exchange capacity, excellent stability at elevated temperatures, and good
chemical resistance over a wide pH range. This resin is typically used in deionization and
chemical processing applications.

Chemical Properties

111111111 .......

Ionic Form (as shipped)
Moisture Content
Exchange Capacity
Conversion to Hydrogen Form
Kinetics

Hydrogen
50 - 55% (H form)
1.8 meq / ml minimum (H form)
99% minimum
> 17 megohm (Siemens Kinetics Test)

Physical Properties

Particle Screen Sizing
+ 16 Mesh
- 50 Mesh

Friability Average
Whole Beads (%)
Shipping Weight

5% maximum
0.5% maximum
200 grams/bead minimum
90 minimum
50 lbs. / cu. ft.

Operating Conditions

Operating pH Range
Demineralization
Condensate Polishing

Regenerant Flow Rate
HCI
H2SO4

Rinse Flow Rate
Rinse Volume
Maximum Operating Temperature

1 to 14
1-6 GPM/ft2

1-65 GPM/ft2 (dependent on operating conditions
and performance expectations)

0.5 to 1.0 gpm / cu. ft.
0.5 to 2.0 gpm / cu. ft.
0.5 to 1.5 gpm / cu. ft.
40 to 75 gallons / cu. ft.
250°F
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USF NR-20LC NUCLEAR GRADE MIXED BED RESIN

Description:

USF NR-20LC is a 1:1 chemical equivalent of USF NR-26 and NR-2LC. USF NR-26 is a strong acid cation
exchange resin that is manufactured from polystyrene, is crosslinked with divinylbenzene, and is in the
lithium 7 form. This resin is a gel cation with an amber to dark bead appearance. USF NR-2LC is a strong
base Type I gel anion resin consisting of a styrene divinylbenzene matrix with an amber color processed to
have extremely low chloride content. USF NR-20LC is designed for use in the primary systems of nuclear
applications.

Chemical Properties

Functional Groups
Ionic Form (as shipped)
Moisture Content

Exchange Capacity

Impurities
Hydrogen (H)
Chloride (CI)
Carbonates (C0 3)

Sulfonic Acid, Trimethylamine
Lithium 7 / Hydroxide mix
55% maximum (H form cation) / 48% maximum (CI form
anion)
1.8 meq / ml minimum (H form cation) / 1.1 meq / ml
minimum (OH form anion)

1% maximum (cation)
0.1% maximum (anion)
5% maximum (anion)

Physical Properties

Particle Screen Sizing
+ 16 Mesh
- 50 Mesh

Whole Beads (%)
Shipping Weight

3% maximum
0.5% maximum
90 minimum
43 Ibs. / cu. ft.

Operating Conditions

Operating pH Range
Service Flow Rate
Maximum Operating Temperature

1 to 14
1 to 4 gpm / ft3

140OF
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USF NR-31LC MIXED BED RESIN

Description:

USF NR-31LC is a 1:1 chemical equivalent of a 10% cross-linked cation and a Type I gel anion.
The cation and anion components are specially selected to provide a high quality mixed bed resin.
Both resins are styrene divinylbenzene based. The individual components are specially
processed to have low TOC leachables and be highly converted with low impurities. This mixed
bed resin is specially processed to have very low chloride content.

Chemical Properties
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Functional Groups
Ionic Form (as shipped)
Moisture Content
Exchange Capacity

Kinetics
% Conversion

Cation
Anion

Impurities
Chloride (CI)
Sulfate (SO4)

Sulfonic Acid, Trimethylamine
Hydrogen / Hydroxide mix
51% max. (H form cation)/48% max. (Cl form anion)
2.0 meq / ml minimum (H form cation) /
1.2 meq / ml minimum (OH form anion)
> 17 megohm (Siemens Kinetics Test)

99% minimum (H form)
94% minimum (OH form)

0.1% CI maximum
0.2% SO 4 maximum

Physical Properties

Particle Screen Sizing
+ 16 Mesh
- 50 Mesh

Whole Beads (%)
Shipping Weight

5% maximum
0.5% maximum
95 minimum
45 lbs. / cu. ft.

Operating Conditions

Operating pH Range
Maximum Operating Temperature

1 to 14
140°F

TECH SHEET MED-308
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USF NR-35LC NUCLEAR GRADE MIXED BED RESIN

Description:

USF NR-35LC is a 2:1 equivalent mix of USF C-381 H and NR-2LC. USF C-381 H is a macroporous
hydrogen form strong acid cation exchange resin that is manufactured from polystyrene and is cross-
linked with divinylbenzene. USF NR-2LC OH is a Type I strong base gel anion resin consisting of a
styrene divinylbenzene matrix with an amber color.

Chemical Properties

Functional Groups
Ionic Form (as shipped)
Moisture Content
Exchange Capacity

Kinetics
Conversion:

Cation
Anion

Impurities:
Chloride (CI)
Sulfate (SO4)

Friability
Average
% > 200

Sulfonic Acid, Trimethylamine
Hydrogen / Hydroxide mix
56% max. (H form cation) / 60% max. (OH form anion)
1.65 meq / ml min. (H form cation) /
1.1 meq / ml min. (OH form anion)
> 17 megohm (Siemens Kinetics Test)

99% minimum (H form)
94% minimum (OH form)

•0.1%
_ 0.5%

>_ 350 gm / bead
95%

Physical Properties

Particle Screen Sizing
+ 16 Mesh
- 50 Mesh

Effective Size (Approximate)
Whole Beads (%)
Shipping Weight

5% maximum
0.5% maximum
0.40 - 0.60 mm
95 minimum
47 lbs. / cu. ft.

Operating Conditions

Operating pH Range
Service Flow Rate
Regenerant Flow Rate
Rinse Flow Rate
Rinse Volume
Maximum Operating Temperature

1 to 14
1 to 4 gpm / cu. ft.

0.5 gpm / cu. ft.
0.5 to 2.0 gpm / cu. ft.
50 gallons / cu. ft. (approximate)
140OF
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USF NR-57LC NUCLEAR GRADE MIXED BED RESIN

Description:

USF NR-57LC is a 1:1 equivalent mix of USF C-471SG H and USF A-254PSSG OH. USF C-471SG H
is a 16% cross linked uniform particle size strong acid gel cation exchange resin consisting of a
sulfonated polymer matrix of styrene and divinylbenzene. USF A-254PSSG OH is a uniform particle
size Type I porous strong base gel anion resin consisting of a styrene divinylbenzene polymer matrix
functionalized with a quaternary amine.

Chemical Properties

Functional Groups
Ionic Form (as shipped)
Moisture Content
Exchange Capacity

Kinetics
Conversion

Cation
Anion

Impurities:
Chloride (CI)
Sulfate (SO4 )

Friability
Mean
% > 200

Particle Screen Sizing
+ 16 Mesh
- 50 Mesh

Particle Size
Whole Beads (%)
Shipping Weight

Sulfonic Acid, Trimethylamine
Hydrogen / Hydroxide mix
42% max. (H form cation) / 60% max. (OH form anion)
2.4 meq / ml min. (H form cation) /
1.0 meq / ml min. (OH form anion)
> 17 megohm (Siemens Kinetics Test)

99% minimum (H form)
94% minimum (OH form)

•0.2%
•0.2%

Ž350 gm / bead
95% minimum

Physical Properties

2% maximum
0.2% maximum
525 +50 um (Cation), 590 +50 um (Anion)
95 minimum
44 lbs. / ft2

Operating Conditions

Operating pH Range
Service Flow Rate

Demineralization
Condensate Polishing

Maximum Operating Temperature

1 to 14

1-6 GPM/ft2

1-65 GPM/ft2 (dependent on operating conditions
and performance expectations)
140°F
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USF NR-62 STATOR COOLING MIXED BED RESIN

Description:

USF NR-62 STATOR COOLING MIXED BED is a 60:40 volumetric mix of USF A-284C OH and C-361C
H. USF C-361C H is a 10% cross-linked gel strong acid cation exchange resin that is manufactured
from polystyrene and is cross-linked with divinylbenzene. USF A-284C OH is a strong base, Type I, gel
anion resin consisting of a styrene divinylbenzene matrix. This resin is designed for use in Stator
Cooling applications and satisfies GE Spec A50A306-S8.

Chemical Properties

Functional Groups
Ionic Form (as shipped)
Moisture Content
Exchange Capacity

Kinetics

Particle Screen Sizing
+ 16 Mesh
- 50 Mesh

Effective Size (Approximate)
Whole Beads (%)
Shipping Weight

Sulfonic Acid, Trimethylamine
Hydrogen / Hydroxide mix
51% max. (H form cation) / 48% max. (CI form anion)
2.0 meq /m I min. (H form cation) /
1.2 meq / ml min. (OH form anion)
> 15 megohm (Siemens Kinetics Test)

Physical Properties

5% maximum
0.5% maximum
0.40 - 0.60 mm
90 minimum
45 lbs. / cu. ft.

Operating Conditions

Operating pH Range
Service Flow Rate
Maximum Operating Temperature

1 to 14
1 to 4 gpm / cu. ft.
140°F
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USF NR-63RLS MIXED BED RESIN

Description:

USF NR-63RLS is a 1:1 chemical equivalent mix of USF C-471RLS H and A-284RLS OH. USF C-
471RLS H is a 16% cross-linked strong acid cation exchange resin that is manufactured from
polystyrene and is cross-linked with divinylbenzene. C-471 RLS H is a gel cation with a dark color which
is easily distinguished from USF A-284 RLS OH in the mix. A-284RLS OH is a strong base Type I gel
anion resin consisting of a styrene divinylbenzene matrix with an amber color. C-471RLS H and A-
284RLS OH are produced using selected starting resins meeting USFilter specifications and are
processed to have very low TOC leachables and dynamic sodium levels for use in the nuclear industry.

Chemical Properties

Functional Groups
Ionic Form (as shipped)
Moisture Content
Exchange Capacity

Kinetics
Conversion:

Cation
Anion

Impurities
TOC (15 bed volumes of rinse)
Sodium (15 bed volumes)
Metals (15 bed volumes of rinse)

Sulfonic Acid, Trimethylamine
Hydrogen / Hydroxide mix
42% max. (H form cation) / 48% max. (CI form anion)
2.4 meq / ml min. (H form cation) /
1.2 meq / ml min. (OH form anion)
18 megohm (Siemens Kinetics Test)

99% minimum (H form)
94% minimum (OH form)

•<10 ppb maximum above the influent
•_20 ppt maximum above the influent
Low ppt levels (feedwater dependent)

Physical Properties

Particle Screen Sizing
+ 16 Mesh
- 50 Mesh

Whole Beads (%)
Shipping Weight
Bead Strength (friability)

5.0% maximum
0.5% maximum
95 minimum
48 lbs. / cu. ft.
350 gm / bead (minimum)

Operating Conditions

Operating pH Range
Service Flow Rate
Maximum Operating Temperature

1 to 14
1 to 4 gpm / cu. ft.
140°F

TECH SHEET MED-108



SIEM ENS Siemens Industry, Inc.
Water Technologies Business Unit

Material Safety Data Sheet

SECTION 1 - CHEMICAL PRODUCT AND COMPANY INFORMATION
Product Name: NR-63RLS Ion Exchange Resin
Part Number: multiple Chemical Family: cation and anion exchange polymers

Manufacturer's Name: Siemens Industry, Inc. - Water Technologies Business Unit
Address: 4669 Shepherd Trail, Rockford, IL 61103
Product/Technical Information Phone Number: (815) 877-3041
Medical/Handling Emergency Phone Number: Call CHEMTREC at 800/424-9300

24 hours a day
Transportation Emergency Phone Number: Call CHEMTREC at 800/424-9300

24 hours a day
Issue Date: July 2007
Revision DatelRevision Number: April 2011/ Rev 1

SECTION 2 - COMPOSITION INFORMATION
Chemical Name % By Weight CAS #

Sulfonated copolymer of styrene and divinylbenzene in 20 - 30 069011-20-7
hydrogen form

Trimethylamine functionalized, chloromethylated copolymer of 15- 30 069011-18-3
styrene and divinylbenzene in hydroxide form

Water 30-60 007732-18-5

SECTION 3 - HAZARDS IDENTIFICATION
Appearance & Odor: Spherical beads/Odorless to slight amine odor

Emergency Overview:
4 Corrosive to the eyes (may cause severe eye burns)
# Spills make the floor slippery

Fire & Explosion Hazards: This material will not burn until moisture is removed, then resin
starts to burn in flame at 2300 C. Under fire conditions some components of this product may
decompose. The smoke may contain unidentified toxic and/or irritating compounds. Nitric acid
and other strong oxidizing agents can cause explosive-type reactions when mixed with ion
exchange resins. Proper design of equipment to prevent build up of pressure is necessary if use
of an oxidizing agent such as nitric acid is contemplated.

Primary Route(s) of Exposure: skin and eye contact

Inhalation - Acute Effects: Vapors are unlikely due to physical properties.

Skin Contact - Acute Effects: No adverse effects are expected from brief skin contact.
Extended skin contact may cause skin rash.

Eye Contact - Acute Effects: The spherical beads may cause severe damage to eyes, eye
irritation, redness, and moderate corneal injury.



SIEM ENS Siemens Industry, Inc.
Water Technologies Business Unit

Material Safety Data Sheet

Ingestion - Acute Effects: Single dose oral toxicity is considered to be low. No hazards
anticipated from swallowing small amounts incidental to normal handling operation. Swallowing
large amounts may cause irritation to the gastrointestinal tract.

SECTION 4 - FIRST AID MEASURES
Inhalation First Aid: Remove affected person from area to fresh air and provide oxygen if
breathing is difficult. Give artificial respiration ONLY if breathing has stopped and give CPR
ONLY if there is no breathing and no pulse. Obtain medical attention. No adverse effects
anticipated by this route of exposure.

Skin Contact First Aid: Immediately remove clothing from affected area and wash skin
vigorously with flowing water. Clothing should be washed before reuse. Seek medical attention
if irritation occurs. DO NOT instruct person to neutralize affected skin area.

Eye Contact First Aid: Immediately irrigate eyes with flowing water continuously for 15 minutes
while holding eyes open. Contacts should be removed before or during flushing. Obtain medical
attention. DO NOT instruct person to neutralize.

Ingestion First Aid: No adverse effects anticipated by this route of exposure incidental to
proper industrial handling. If ingestion does occur, if victim is alert and not convulsing rinse
mouth with water and give plenty of water to drink. If spontaneous vomiting occurs, have
affected person lean forward with head down to avoid breathing in of vomitus. Rinse mouth
again and give more water to drink. Obtain medical attention.

Medical Conditions Aggravated: There are no known conditions aggravated by exposure.

Note to Physician: No specific antidote. Supportive care. Treatment based on judgment of the
physician in response to reactions of the patient.

SECTION 5 - FIRE FIGHTING MEASURES
Flash Point/Method: N/A

Auto Ignition Temperature: Above 5000 C (9000 F)

UpperlLower Explosion Limits: N/A

Extinguishing Media: Water, carbon dioxide, dry chemical

Fire Fighting Procedures: Keep people away. Isolate fire area and deny unnecessary entry.
Cool surrounding area with water to localize fire zone. Soak thoroughly with water to cool and
prevent reignition.

Fire-Fighting Equipment: NIOSH approved positive-pressure self-contained breathing
apparatus (SC1BA) and protective fire fighting clothing (includes fire fighting helmet, coat, pants,
boots and gloves). If protective equipment is not available or not used, fight fire from a
protected location or a safe distance.

NR-63RLS Ion Exchange Resin Page 2 of 6



SIEM ENS Siemens Industry, Inc.
Water Technologies Business Unit

Material Safety Data Sheet

Fire & Explosion Hazards: This material will not burn until moisture is removed, then resin
starts to burn in flame at 2300 C. Under fire conditions some components of this product may
decompose. The smoke may contain unidentified toxic and/or irritating compounds. Nitric acid
and other strong oxidizing agents can cause explosive-type reactions when mixed with ion
exchange resins. Proper design of equipment to prevent build up of pressure is necessary if use
of an oxidizing agent such as nitric acid is contemplated.

Hazardous Products of Decomposition and/or Combustion: May include but not limited to
hydrocarbons, sulfur oxides, organic sulfonates, carbon monoxide, carbon dioxide and benzene
compounds.

NFPA Ratings:
HEALTH- 1 FLAMMABILITY- 1 REACTIVITY- 1 OTHER- none

SECTION 6 - ACCIDENTAL RELEASE MEASURES
Spill/Leak Procedures: Isolate spill area to prevent falls as material can be a slipping hazard.
Avoid contact with eyes and skin. Material is heavier than water and has limited water solubility.
It will collect on the lowest surface.

Cleanup: Clean up floor area. Sweep up. Avoid generation of dust.

Regulatory Requirements: Follow all applicable Federal, State, Local, or Provincial
regulations.

Disposal: DO NOT DUMP INTO ANY SEWERS, ON THE GROUND, OR INTO ANY BODY
OF WATER. All disposal methods must be in compliance with all Federal, State, Local and
Provincial laws and regulations. Regulations may vary in different locations. Waste
characterizations and compliance with applicable laws are the responsibility solely of the waste
generator.

SECTION 7 - HANDLING AND STORAGE
Handling: Practice reasonable care and caution. Metal equipment should be compatible with
feed, regenerant, resin form and effluent of that process.

Storage: Keep containers tightly closed when not in use. Store between 20 - 380 C (350 -
100°F).

General Comments: Containers of this material may be hazardous when empty since they
retain product residues (dust, solids); observe all warnings and precautions listed for the
product.

SECTION 8 -PERSONAL PROTECTION/ EXPOSURE CONTROL

Respiratory Protection: No respiratory protection should be needed.

Skin Protection: Wear gloves impervious to this material to prevent skin contact.

NR-63RLS Ion Exchange Resin Page 3 of 6



SIEM ENS Siemens Industry, Inc.
Water Technologies Business Unit

Material Safety Data Sheet

Eye Protection: Wear protective eyeglasses or chemical safety goggles. Contact lenses are
not eye protective devices. Appropriate eye protecting must be worn instead of, or in
conjunction with contact lenses.

Ventilation Protection: Good general ventilation should be sufficient.

Other Protection: Never eat, drink, or smoke in work areas. Practice good personal hygiene
after using this material, especially before eating, drinking, smoking, using the toilet, or applying
cosmetics. Safety showers, with quick opening valves which stay open, and eye wash
fountains, or other means of washing the eyes with a gently flow of cool to tepid tap water,
should be readily available in all areas where this material is handled or stored. Water should be
supplied through insulated and heat-traced lines to prevent freeze-ups in cold weather.

Exposure Limits:
Exposure limits have not been developed.

SECTION 9 - PHYSICAL AND CHEMICAL PROPERTIES

Appearance & Odor: Spherical beads/Odorless to slight amine odor

Vapor Pressure: N/A* Vapor Density (Air=1): N/A

Boiling Point: N/A Melting Point: N/A

Specific Gravity: N/D** Solubility in Water: Insoluble

Volatile Percentage: N/A pH: N/A

Flash Pointlmethod: N/A Auto Ignition Temperature: Above 5000 C (9000 F)

Upper/Lower Explosion Limits: N/A Other: N/D

*N/A=Not applicable
**N/D=Not determined

SECTION 10 - STABILITY AND REACTIVITY
Stability: Stable under normal handling and storage conditions.

Incompatibilities: Oxidizing agents such as nitric acid attack organic ion exchange under
certain conditions and could result is slightly degraded resin up to an explosive reaction. Before
using strong oxidizing agents, consult sources knowledgeable in handling such materials.

Polymerization: Hazardous polymerization cannot occur.

Decomposition: Hazardous decomposition products depend upon temperature, air supply,
and the presence of other materials. Hazardous decomposition products may include and are
not limited to: aromatic compounds, hydrocarbons, organic sulfonates, sulfur oxides.

NR-63RLS Ion Exchange Resin Page 4 of 6



SIEM ENS Siemens Industry, Inc.
Water Technologies Business Unit

Material Safety Data Sheet

Conditions to Avoid: Resin can decompose at temperatures greater than 900 C (1940 F). Do
not pack column with dry ion exchange resins. Dry beads expand when wet. This expansion
can cause a glass column to shatter.

SECTION 11 - TOXICOLOGICAL INFORMATION

Inhalation - Acute: Vapors are unlikely due to physical properties.

Inhalation - Chronic: There are no known chronic inhalation effects.

Skin Contact - Acute: Skin contact may cause mild irritation and redness.

Skin Contact - Chronic: There are no known chronic dermal effects.

Eye Contact - Acute: May cause severe eye irritation and redness. May cause moderate
corneal injury. Effects are likely to heal.

Ingestion - Acute: Single dose oral toxicity is considered to be low. No hazards anticipated
from swallowing small amounts incidental to normal handling operation. Swallowing large
amounts may cause irritation to the gastrointestinal tract. Swallowing extremely large amounts
may produce gastrointestinal disturbances.

Ingestion - Chronic: There are no known chronic ingestion effects.

CarcinogenicitylMutagenicity: There are no known carcinogenic/mutagenic effects.

Reproductive Effects: There are no known reproductive effects.

Neurotoxicity: There are no known neurotoxic effects.

Other Effects: There are no other known toxic effects.

Target Organs: Target organs include the eyes and skin.

SECTION 12 - ECOLOGICAL INFORMATION
The environmental fate and ecological toxicity are not known.

SECTION 13 - DISPOSAL CONSIDERATIONS
Spill/Leak Procedures: Isolate spill area to prevent falls as material can be a slipping hazard.
Avoid contact with eyes and skin. Material is heavier than water and has limited water solubility.
It will collect on the lowest surface.

Cleanup: Clean up floor area. Sweep up. Avoid generation of dust.

Regulatory Requirements: Follow all applicable Federal, State, Local, or Provincial
regulations.

NR-63RLS Ion Exchange Resin Page 5 of 6



SIEM ENS Siemens Industry, Inc.
Water Technologies Business Unit

Material Safety Data Sheet

Disposal: DO NOT DUMP INTO ANY SEWERS, ON THE GROUND, OR INTO ANY BODY
OF WATER. All disposal methods must be in compliance with all Federal, State Local and
Provincial laws and regulations. Regulations may vary in different locations. Waste
characterizations and compliance with applicable laws are the responsibility solely of the waste
generator.

SECTION 14 - TRANSPORTATION INFORMATION
DOT Shipping Description: This product is not regulated by DOT when shipped domestically
by land.

Canadian TDG Information: For TDG regulatory information, if required, consult transportation
regulations, or product shipping.

SECTION 15 - REGULATORY INFORMATION
US Regulations:
SARA HAZARD CATEGORY: This product has been reviewed according to the EPA "Hazard
Categories" promulgated under Sections 311 and 312 of the Superfund Amendment and
Reauthorization Act of 1986 (SRA Title Ill) and is considered, under applicable definitions, to
meet the following categories: An immediate health hazard

TSCA Considerations: Every different salt or ionic form of an ion exchange resin is a separate
chemical. If you use an ion exchange resin for ion exchange purposes and then remove the by-
product resin from its vessel or container prior to recovery of the original or another form of the
resin or of another chemical, the by-product resin must be listed on the TSCA Inventory (Unless
an exemption is applicable). It is the responsibility of the customer to ensure that such isolated,
recycled by-product resins are in compliance with TSCA. Failure to comply could result in
substantial civil or criminal penalties being assessed by the EPA.

State Regulations: Consult individual state agency for further information.

Canadian Regulations:
WHMIS INFORMATION: The Canadian Workplace Hazardous Materials Information
System (WHMIS) Classification for this product is: D2B - eye or skin irritant. Refer elsewhere in
the MSDS for specific warnings and safe handling information.

CPR Statement: This product has been classified in accordance with the hazard criteria of the
Canadian Controlled Products Regulations (CPR) and the MSDS contains all the information
required by the CPR.

SECTION 16 - OTHER INFORMATION
Disclaimer: The information contained herein is based on data considered accurate. However,
no warranty is expressed or implied regarding the accuracy of these data or the results to be
obtained from the user thereof. It is the buyer's responsibility to ensure that its activities comply
with federal, state, provincial and local laws.

Revision Indicator: April 2011, Revised Section 1 (Updated manufacturer's name)
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SIEMENS

USF NR-6LC MIXED BED RESIN

Description:

USF NR-6LC is a 1:1 chemical equivalent of USF NR-1 and NR-2LC. USF NR-1 is a strong acid
cation exchange resin that is manufactured from polystyrene and is cross-linked with divinylbenzene.
This resin is a gel cation with an amber to dark bead appearance. USF NR-2LC is a strong base
Type I gel anion resin consisting of a styrene divinylbenzene matrix with an amber color. NR-1 and
NR-2LC are specially processed to have low TOC leachables.

Chemical Properties

Functional Groups
Ionic Form (as shipped)
Moisture Content
Exchange Capacity

Kinetics
Conversion:

Cation
Anion

Impurities
Chloride (CI)
Sulfate (SO4)

Sulfonic Acid, Trimethylamine
Hydrogen / Hydroxide mix
55% max. (H form cation) /48% max. (CI form anion)
1.8 meq / ml min. (H form cation) /
1.2 meq / ml min. (OH form anion)
> 17 megohm (Siemens Kinetics Test)

99% minimum (H form)
94% minimum (OH form)

0.1% maximum
0.5% maximum

Physical Properties

Particle Screen Sizing
+ 16 Mesh
- 50 Mesh

Effective Size (Approximate)
Whole Beads (%)
Shipping Weight

5% maximum
0.5% maximum
0.40 - 0.60 mm
90 minimum
45 lbs. / cu. ft.

Operating Conditions

Operating pH Range
Service Flow Rate
Maximum Operating Temperature

1 to 14
1 to 4 gpm / cu. ft.
140°F

TECH SHEET MED-408
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USF PURCAT C-373 H CATION RESIN

Description:

USF PURCAT C-373 H is a strong acid cation exchange resin that is specially processed using a
patented cleaning procedure for high-purity condensate polishing applications where extremely
low organic leachables are important and amines, such as ETA, are being added for pH control.
This resin is a 10% cross-linked uniform particle size gel resin and is typically used in mixed bed
applications. The resin is processed by USFilter to meet the following specifications for enhanced
separability, low TOO and high kinetics and is analyzed kinetically to ensure the capability of
producing 18 megohm mixed bed deionized water.

Chemical Properties
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Ionic Form (as shipped)
Moisture Content
Exchange Capacity
Kinetics
Conversion to Hydrogen Form
16 Hr. Soak TOC

Hydrogen
46 to 51% (H form)
1.9 meq / ml minimum (H form)
18 megohm (Siemens Kinetics Test)
99% minimum
< 5 ppm

Physical Properties

Particle Screen Sizing
+ 16 Mesh
- 50 Mesh

Mean Size
Whole Beads (%)
Friability

Average (gm / bd)
% > 200 gm / bd

Swelling
Shipping Weight

2% maximum
0.2% maximum
600 to 700 microns
95 minimum

500
95
6% sodium to hydrogen form
50 lbs. / cu. ft.

Operating Conditions

Operating pH Range
Service Flow Rate
Demineralization
Condensate Polishing

Regenerant Flow Rate
Rinse Flow Rate
Maximum Operating Temperature

0to 14

1-6 GPM/ft2

1-65 GPM/ft2 (dependent on operating conditions
and performance expectations)

0.5 to 1.0 gpm / cu. ft.
0.5 to 1.0 gpm / cu. ft.

250°F

TECH SHEET MED-108


