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SUMMARY

Ion exchange is the leading candidate process for radioactive cesium removal from
Hanford’s alkaline supernates and dissolved salt cakes. Duolite™ CS-100 has been chosen as
the baseline material for cesium ion exchange in the Initial Pretreatment Module (IPM)
cohceptual design. A final exchanger down-selection will occur in FY 96 before IPM Title I
design. At that time, other cesium exchange materials will be considered to replace CS-100.
This report presents the results of an evaluation of commercially available exchangers to
determine which materials warrant further investigation. Only exchangers which are currently in

production or which can be purchased by special order have been included in this study.

To identify candidate exchangers, representatives from major ion exchange
manufacturers were consulted and literature from the DOE complex was reviewed. The
exchangers which were evaluated are shown in Table S.1. These materials were compared based
on the following criteria: (1) cesium distribution coefficient, (2) rate of cesium sorption, (3)
elution characteristics, and (4) chemical and radiochemical stability. Each exchanger was
compared to the baseline CS-100 resin. Resins with cesium distribution coefficients markedly

lower than CS-100 were eliminated from consideration.

TABLE S1. List of Ion Exchange Materials Studied

Organic Resins Organic Resins Inorganic Zeolites
Duolite™ CS-100 Amberlite™ IRC-718 Durasil® 210
Resorcinol Formaldehyde Amberlite™ IRC-50 - | Durasil® 230
Duolite™ C-3 Amberlite™ DP-1 IonsiviM IE-95:
Lewatit™ TP-207 ResinTech SIR-300 ] Tonsiv™ [E-96

Very few ion exchange materials show strong cesium selectivity in highly alkaline
solutions. Of the eight organic resins studied, only resorcinol-formaldehyde (R-F) and Duolite
C-3 resins have distribution coefficients as high or higher than CS-100. All of the zeolite

materials were also found to have cesium distribution coefficients of similar magnitude to CS-

il



100. A summary of how these materials compare in terms of the selection criteria is shown in
Table S.2.

Although R-F resin has a significantly higher distribution coefficient than CS-100, the
elutability and chemical and radiochemical stability of the resin may be a concern. Duolite™ C-
3 has equilibrium behavior similar to CS-100, but information is lacking with regards to mass
transfer rate and chemical stability. Furthermore, in the one elution test performed, C-3 showed

poor elutability.

Zeolites have similar cesium sorption characteristics to CS-100. However, their poor
chemical stability in both high caustic and acidic make loading in Hanford wastes and
subsequent elution difficult. Furthermore, since no eluants for zeolites are now being
considered, the loaded exchanger would be vitrified as high level waste. Studies have shown that

excessive amounts of HLW glass would be produced if zeolites were used.

TABLE S2. Summary of Exchanger Properties Relative to CS-100

| Property CS-100 R-F C-3 Zeolites
Distribution averége very high average average
Coefficient
Mass Transfer high high - average
Rate
Elutability - high average low very low
Chemical average below average - low
Stability
Radiation average below average average very high
Stability .

Future research should focus on addressing the limitations of these exchangers. The
chemical and radiochemical stability of R-F resin should be verified with further testing using
the newly available BSC-210 batch of R-F resin. The resin’s stability should be studied in the
context of the full-scale ion exchange process to determine how significant these problems really

are.
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Duolite C-3 was originally eliminated from consideration because it had to be purchased
by special order. Now that all organic resins require special order purchase, use of this resin
should be considered as a viable alternative to CS-100. Future work should obtain the data

required to compare C-3 to CS-100.
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1.0 INTRODUCTION

1.1 BACKGROUND

Approximately 61 million gallons of nuclear waste generated in plutonium production,
radionuclide removal campaigns, and research and development activities is stored on the
Department of Energy’s Hanford Site, near Richland, Washington. The waste is stored in 177
underground storage tanks (USTs) as a mixture of sludge, salt cake, and alkaline supernatant.
The sludge fraction of the waste consists of metal oxides and hydroxides and contains most of
the radionuclides of concern (e.g.’Sr, Pu, Am, U). The salt cake consists primarily of dried
sodium salts, and the supernates are concentrated aqueous solutiqns of sodium salts.

Radioactive cesium (‘3’Cs) is the primary water soluble radionuclide contained in the salt cake

and supernatant solutions.

The disposal options for these wastes are either as high-level waste (HLW) glass for
disposal in a repository or as low-level waste (LLW) glass for on-site disposal. To reduce
disposal costs and comply with environmental regulations, waste pretreatment will separate the
small quantities of radionuclides from the bulk non-radioactive - chemicals. Although the
pretreatment process and disposal requirements are still being defined, most pretreatment
scenarios include removal of cesium from the aqueous streams. In many cases, after cesium is
removed, the dissolved salt cakes and supernates can be disposed of as LLW. Jon exchange has
been a leading candidate for this separation. lon exchange systems have the advantage of

simplicity of equipment and operation and provide many theoretical stages in a small space.

1.2 PURPOSE

The organic ion exchange material Duolitt™ CS-100 has been selected asrthe baseline
exchanger for conceptual design of the Initial Pretreatment Module (IPM) by the Westinghouse
Hanford Company (WHC). Use of CS-100 was chosen because it is considered a conservative,
technologically feasible appfoach. During FY 96, final resin down-selection will occur for IPM
Title I design. Alternate ion exchange materials for cesium exchange will be considered at that

time.

The purpose of this report is to conduct a search for commercially available ion

exchange materials which could potentially replace CS-100. This report will provide where
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possible a comparison of these resin in their ability to remove low concentrations of cesium
from highly alkaline solutions. Materials which show promise can be studied further, while less

encouraging resins can be eliminated from consideration.

1.3 SCOPE

This assessment will include only ion exchange materials which are currently in
production or which are available by special order. Ion exchange materials which have been
used in the past, but which are now not commercially available will be mentioned, but not
included. There are several cesium selective resins which are now under development by EM-50

which are not commercially available. These materials are not considered in this report.

The supernate from the USTs varies widely in composition. For the purpose of this
study, these exchangers were evaluated with Neutralized Current Acid Waste (NCAW), Double
Shell Slurry Feed (DSSF), and West Valley Alkaline Supernate (WVAS) simulants. The
compositions of the waste simulants are shown in Table 1.1. The NCAW simulant was modeled
after the composition of Hanford tank 241-AZ-101 and represents a high sodium and cesium
waste. The DSSF simulant was modeled after the composition of Hanford tank 241-AW-101
and represents a high sodium and potassium and low cesium waste (Kurath et al. 1994). The
WVAS simulant is similar to NCAW in composition and was modeled after West Valley high-
level waste tank 8D2 (Bray et al. 1984).

TABLE 1.1. Simulated Hanford Alkaline Waste Solutions

Species, Total NCAW, M DSSF-7, M WVAS. M
Na 4.987 7.000 8.7

K 0.120 0.945 0.01

Rb 5.0E-05 -~ -~

Cs 5.0E-04 7.0E-05  7.8E-04
Al 0.430 0.721 -

SO, 0.150 0.008 0.29
OH (Total) 3.400 4.634 -

OH (Free) 1.680 1.750 pH = 10
CO,. 0.230 0.147 0.5

NO, 0.430 1.512 1.6

NO, 1.669 3.521 3.1

F 0.089 - -

cl - 0.120 0.004
PO, 0.025 0.014 0.06
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1.4 APPROACH

Two approaches were taken to identify candidate materials which might be selective for
cesium. First, technical and sales representatives from major manufacturers of ion exchangers
were contacted and asked to suggest ion exchange materials which they considered as potentially
selective for cesium in highly> alkaline solutions. Samples of these materials were sent to Los
Alamos National Laboratory (LANL) for determination of the batch distribution coefficient with
NCAW and DSSF. Second, data was collected from past studies by PNL, WHC, and others
which provided assessments of ion exchange materials. Only commercially available ion

exchange materials identified in the literature search were included in this study.

The exchangers were compared in four categories: (1) cesium batch distribution
bcoefﬁcient, (2) rate of cesium sorption, (3) elution characteristics, and (4) chemical and
radiochemical stability. The exchange materials were compared with the baseline CS-100 to
facilitate the comparison. Exchangers which exhibited poor cesium distribution coefficients were
eliminated from further study. Exchangers which had similar or higher cesium batch distribution
coefficients than CS-100 were studied further in terms of the subsequent three categories where

data was available.

1.3



2.0 ION EXCHANGE MATERIALS

This section provides a description of the ion exchange materials studied in this report.

It delineates how the materials were identified and their properties.

2.1 RESULTS OF SEARCH

Table 2.1 presents the resins suggested by the manufacturer representatives. In many
cases, the company did not have an exchanger which they believed was selective for cesium in
highly alkaline solutions. In other cases, the company did not have materials available which
were known to be selective cesium in alkaline solutions. When resins were suggested for these .
cases, their cesium selectivity was not known but the company representative believed that they
could provide some cesium selectivity. These resins are indicated with a (U) in the table below.

The resins known to be selective for cesium, at least to some extent are indicated with a (K).

A review of past literature was undertaken to find cesium selective exchangers. A
variety of materials were found in these past reports. Bray, et al (1984) studied Duolite CS-100,
Ionsiv IE-95, Duolite ARC-359', and Amberlite IRC-718 exchangers with West Valley Alkaline
supernatant. Gallagher (1986) provided sorption and column data on CS-100, Zeolon 900,
Duolite ARC-9359, and Durasil 210 contacted with NCAW simulant. The memos from
Prignano (1989a and b) provided batch distribution information in NCAW and HNO; elution
with Duolite CS-100, resorcinol formaldehyde (R-F), Duolite C-3, and ARC-359N in NCAW
simulant. More recent work has focused on cesium sorption with IE-96, R-F, and CS-100 resins
(Bray, et al. 1992; Kurath et al 1994). Marsh, et al. (1994a) has recently completed a
comparison of resins in 101-SY simulant with CS-100, R-F, lonsiv TIE-96 (IE-96 with titanium to
improve Pu and Sr sorption), Durasil 230, and several other exchangers. In an electrochemical
system developed in the UK, Lewatit DN-KR and R-F resins were tested for cesium removal
from a NCAW simulant (Griffiths 1994).

! Duolite ARC-359, -9359, and -359N are all believed to be analytical grades of Duolite C-
3. Rohm and Haas does not currently manufacture these analytical grade resins.
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TABLE 2.1. Exchangers Suggested by Manufacturers

Resin Manufacture Name of Contact Suggested Resins
Rohm and Haas Lloyd Brown Amberlite IRC-718 (U)
Amberlite DP-1 (U)
Amberlite IRC-76 (U)
Resin Tech Douglas Kellogg RT-3972 (U)
Miles Italious Chiari Lewatit TP-207 (U)
UOP Dennis Fennelly Ionsiv IE-95 (K)
, Ionsiv IE-96 (K)
GTS Duratek Regina Mowad Durasil 190 (K)
Durasil 230 (K)
Vydac Yanbo Yang Nothing selective for Cs
Pharmacia Randy Lowe Nothing selective for Cs
Purolite Jim DeBenedictis Nothing selective for Cs
Sybron Dave Dally Nothing as selective as CS-100
Dow Chemical Phyllis Ferris Nothing as selective as CS-100

2.2 ION EXCHANGER PROPERTIES AND HISTORY

Table 2.2 displays the properties of the ion exchangers studied here. Note that the list

contains a variety of functionalities, purposes, and costs. The phenolic resins have been used

successfully for cesium ion exchange, while other exchangers have not. The phenolics are

granular in structure while the other exchangers are spherical and usually macroreticular

(macroporous); the phenolic materials are made by a process which cannot produce spherical,
macroporous beads. Furthermore, the commercially available phenolic resins (CS-100, R-F, and
C-3) are not stock items and must be produced on a special order basis.

Most exchangers which were studied in the literature but are not commercially available

have been eliminated from this list. Zeolon 900? and Duolité ARC-359° are two of the

2 Zeolon 900 was originally produced by Norton Co. Worchester, MA. Philadelphia
Quartz now owns the rights to its production, but does not produce this material. It
produces similar but not identical mortenite materials: CBV10A-X16 and CP461.
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exchangers which will not be studied here. Although Lewatit DN-KR* and Durasil 210 are not
currently commercially available, because batch distributions for these exchangers were recently

performed and it showed reasonable selectivity for cesium, they have been included in the

evaluation.

The Rohm and Haas Duolite CS-100 resin has been used for several years as a full scale
process to remove '3’Cs from alkaline low-level radioactive wastes at Oak Ridge National
Laboratory (Chilton 1981). CS-100 was also considered for Hanford’s B-plant for cesium
removal from NCAW and CC wastes, but the process was never constructed. Currently, CS-100

is the IPM baseline for cesium ion exchange. Rohm and Haas will produce this resin on a

special order basis only.

3 This exchanger was originally produced by Diamond Shamrock, but when the ion
exchange products were sold to Rohm and Haas, this product was discontinued.

4 Originally produced by Miles, Inc. this material had a batch distribution coefficient
similar to CS-100. However, this resin’s manufacture has been discontinued both in the
US and Germany for approximately 5 years.
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The resorcinol formaldehyde resin was first developed by Savannah River Laboratory in
the early 1980s. It has been produced on a semi-commercial scale for the last six years by
Boulder Scientific Company on a special order basis. This resin has been used once one a large
scale to remove 700 curies of cesium from 350,000 gallons of alkaline waste (pH = 11-12). This

was an experimental test done by ECOTECH at a General Electric power plant.’

The Rohm and Haas Duolite C-3 resin has been used in its analytical form (ARC-359)
at Hanford’s B-plant to remove cesium frqm highly alkaline wastes. It was also considered for
use in the more recent B-plant operatiohs. However, because it had to be purchased on a
special order basis only, it was eliminated from consideration. It appears to be similar in

composition to Lewatit DN KR, which is no longer available. Duolite C-3 continues to be made

by Rohm and Haas on a special order basis.

Zeolites have been used extensively in a variety of nuclear applications for the removal
of cesium. They have higher temperature and radiation stability than organic exchangers.
Furthermore, the once-through processing usually done with zeolites offers operational simplicity
since the exchanger can be disposed of fully loaded with cesium. Their general limitations are
their chemical instability in highly alkaline solutions and their impact of the volume of final
waste form when used on a once-through basis. UOP’s zeolite exchangers Ionsiv IE-95 and IE-
96 have been studied extensively for cesium removal from alkaline wastes and TIE-96 are being
used in the full-scale unit to remove cesium from the wastes at West Valley. Durasil 230 has
also been used commercially for cesium removal from deionized waters to decontaminate

streams containing 107 uCi/mL of cesium.

3 Information is based on a discussion with John Birmingham, presidedt of Boulder
Scientific Company.
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3.0 EVALUATION OF ION EXCHANGE MATERIALS

Ion‘order for the exchangers discussed above to be considered for cesium ion exchange
at Hanford, certain criteria were develdped. The exchangers were evaluated based on their
distribution coefficient (Section 3.1), mass transfer rate (Section 3.2), elutability (Section 3.3),
and chemical (Section 3.4) and radiochemical stability (Section 3.5).

3.1 COMPARISON OF DISTRIBUTION COEFFICIENT

The Hanford alkaline wastes have high concentrations of sodium and potassium, as well
as other multivalent cations. In order to be effective, the exchanger must be capable of
separating the cesium from these other competing cations. The ion exchange process must
~ create a cesium depleted stream for LLW disposal and produce a cesium concentrate streamn
which does not impact the volume of HLW glass requiring disposal. If it cannot provide this

degree of separation, there is no value added by the ion exchange process.

The distribution coefficient K, is a measure of the effectiveness of a material to remove
cesium from a liquid stream. It is defined as the ratio of cesium concentration in the solid to
cesium concentration in the liquid. The Kj is generally determined with batch contacts between

the exchanger and solution and is calculated according to the following formula:

- (Ci-cf) V

= -5
d. c,  m,

where C; is the initial (before contact) and C; is the final concentration of cesium in solution, m,
is the mass of exchanger used, and V is the volume of solution. The distribution coefficient is

specific to the temperature and concentration of other ions in solution.

A common basis was sought in which to compare the ion exchange resins. Solution
concentration, volume, temperature, and dilution as well as the water content of the resin all
affect the distribution coefficient obtained. Fortunately, CS-100 resin has been included in all
batch distribution coefficient studies conducted. Therefore, not only is it the baseline for

Hanford ion exchange, it will also be used here as a common basis of comparison.
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The distribution coefficients for the exchangers are presented for DSSF, NCAW, and
WVAS simulant in Table 3.1. Based on the results of the table, only R-F resin consistently has
a higher K, than CS-100. Duolite C-3 is the only other organic exchanger that has a high ‘

distribution coefficient.

The ion exchange resins suggested by manufacturers had distribution coefficients which
were significantly less than CS-100 using NCAW, DSSF, and WVAS. Based on these results,
they ‘would be unacceptable for cesium ion exchange. On further inspection, most of these
exchangers are primarily used for chelating multivalent ions. Since cesium is a univalent cation,
it does not form chelates. Therefore it is not surprising that these exchangers produced

unacceptable behavior.
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TABLE 3.1. Batch Distribution Coefficients for Resins Studied

—

NCAW I DSSF WVAS
Marsh! | Prignane® | Gallagher’ Bray* } Marsh® | Bray® | Bray’
_

CS-100 9% 120 30 5 | %0 70 | 14
R-F 666 1200 - 450 236 650 -
C-3 - 115 35 - - - 12 .
IRC-718 0.1 - - - 2.0 - 2
IRC-76 0.8 - - I P - -
DP-1 0.5 - - - 34 - <1
RT-3972 0.6 - - - 6.6 - -
TP-207 <0.1 - - - - - -
Durasil - - 16 - - - -
210
Durasil - - - - 13 - -
230
IE-95 - - - - - _ 39
(T)IE-96 45 - - ) 12 - ~

Initial [Cs*] = 5x1074, [Na*] = 5.0, as received resin, ambjent temperature. K values obtained
after only 6 hours of contact. The slower sorbing exchangers may not have reached equilibrium.

Initial [Cs™] = 2.4x1074,[Na*] = 1.8, as received resin, irradiated to 107 rads. Slightly different
NCAW simulant recipe than shown in Table 1.1. '

Initial [Cs*] = 7.37x10'4,[Na+] = 1.94,as received resin. Slightly different NCAW simulant recipe
than shown in Table 1.1.

Final [Cs*] = 5x10'4,[Na"'] = 5.0,dried at 85C, experimental run at 25C.

Initial [Cs*] = 7x10-%,[Na*] = 7.0,as received resin, ambient temperature. K, values obtained
after only 6 hours of contact. The slower sorbing exchangers may not have reached equilibrium.

Final [Cs,] = 7x10'5,[Na+] = 7.0,dried at 85C, experiment run at 25C.

Initial [Cs*] = 7.4x10'4,[Na+] = 8.7,dried at 105C, experimental run at ambient temperatures.
These runs were performed at pH = 10 and 13. At pH = 13, IE-95 and CS-100 both have Ky
values of 34.
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The inorganic ion exchange resins Durasil 210 and 230 and IE-95 and -96 in most cases
had distribution coefficients of the same order of magnitude as CS-100. CS-100 in general had
better selectivity than these zeolite materials. This result may be in part because zeolites have
slower cesium sorption and the K, values for the Marsh data were allowed to equilibrate for

only 6 hours. Thus the exchangers with slower kinetics have not reached equilibrium by the end '

of the test.

Batch distribution coefficients were measured with NCAW simulant and Lewatit DN-KR
and R-F resins. Similar to the results of C-3 on Table 3.1, Lewatit DN-KR produced a K, value
of 76 mL/g. R-F produced a K, value of 458 mL/g. Because no additional data exists for
Lewatit DN-KR and it is not commercially available, it will not be discussed further in this

report.

The following materials have acceptable cesium selectivity for continued investigation in

this report: CS-100, R-F, C-3, and the zeolite materials.

3.2 COMPARISON OF MASS TRANSFER RATES

The rate of ion exchange is important in the design and operation of the ion exchange
system. The exchange rate will impact the size of the ion exchange columns required and/or the
its flow rate. Similar to the K, kinetics is affected by the speciﬁc exchanger, solution

concentration, and temperature at which the exchanger is operated.

The mass transfer rate for many of these ion exchange materials has been measured in
one of two ways. In the work done by Marsh,‘ et al (1994(a) and 1994(b)), the cesium uptake
was measured at 30 minutes, 2 hours, and 6 hours. Using the cesium sorption at each of these

time periods, the particle diffusivity can be approximated based on the formula:

-n3xipt
Fei-Sy e
Tt n=1 nz

where F is the fraction of equilibrium attained, D is the ion exchange particle diffusivity, and r is
the particle radius. This formula assumes (1) particle diffusion is rate controlling, and (2)

infinite solution volume (concentration in the solution is constant). Assumption (1) is based on

34



the composition and extent of solution mixing and may or may not be true. Assumption (2) is
not true under the conditions of study. Furthermore, Marsh only provides three data points to
fit this equation. In cases where the mass transfer is very slow, the final distribution coefficient
is not known. In order to determine thé particle diffusivity, both the particle diffusivity and the
final distribution coefficient are adjusted to minimize error between the model and the
experimental values. Therefore, the diffusivities obtained from this approach may not be
completely accurate. However, the results will provide a means of comparing the sorption rates

of the resins.

A second method of determining the rate of mass transfer is through column
breakthrough curves. Experimental breakthrough curves exist at a range of flow rates. A )
column ion exchange model was developed which regresses the mass transfer coefficient (Kurath
et al. 1994). The particle diffusivity (assuming once again no film mass transfer resistance) can

be calculated from the mass transfer coefficient based on the formula:

60D
ka =
P

dpz

where ka is the mass transfer coefficient assuming particle diffusion limited mass transfer, D is
the particle diffusivity, and d, is the resin particle diameter. Both these methods will be

employed to compare ion exchange resin kinetics.

The particle diffusivity describes the rate of diffusion of cesium into a particle but does
not necessarily describe the performance of the ion exchange column. The number of transfer
units (N), provides‘ a factor which is proportional to the slope of the ion exchange breakthrough
curve (Perry and Chilton 1973):

_ 60K,;pDVv
2
d,°F

where Py is the bed density, v is the bed volume, F is the volumetric flow rate, and d, is the
particle diameter. Both the particle diffusivity (D) and the number of transfer units (N) will be

presented to compare the exchanger kinetics.
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Using Marsh’s data (1994b), the particle diffusivities and number of transfer units of CS-
100, R-F, TIE-96, and Durasil 230 were calculated. These are shown in Table 3.2. Based on the
data, CS-100 has the fastest kinetics; nearly an order of magnitude higher than the other
exchangers shown. This also results in a larger number of transfer imits for CS-100. R-F resin
has very slow kinetics, especially in the case of DSSF, but because of its high Ky, it has a
reasonable number of transfer units. Both the zeolites have similar diffusivities which fall

between CS-100 and R-F resins. In the case of C-3 and the other zeolites, no mass transfer data

is available.

TABLE 3.2. Particle-Phase Diffusivities and Number of Transfer Units from Batch Tests

’ NCAW DSSF
Exchanger (cmZZnin) N (cmzznin) A
CS-100 7x10°¢ 93 7x10°¢ 48
R-F 1x1077 40 4x10® 9.3
TIE-96 6x107 21 1x10¢ 9.2
Durasil 230 - - 1.5x10°6 13 |

~ Based on data from Marsh 1994b

*Assuming 3 cv/hr flow rate.

Using the mass transfer coefficients from analysis of column run data, Kurath et al
(1994), similar values are obtained (See Table 3.3). Although the method of obtaining this data
is significantly different from that taken with the Marsh data, the result are very similar for R-F.
The particle phase diffusivities of CS-100, however are lower than those obtained from the
Marsh data, causing in turn a reduction in the number of mass transfer units. In this case,
although R-F resin has a significantly lower cesium particle diffusivity than the other exchangers,
it has more mass transfer units because of it high distribution coefficient. Therefore, the slope

of the breakthrough curve will be acceptable for the R-F resin.
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TABLE 3.3. Particle-Phase Diffusivities and Number of Transfer Units from Column Tests

=/
Exchanger NCAW DSSF
D N* D N*
(cm?/min) (cm?/min)
CS-100 1x10® 12 1x10¢ 4.8
R-F 2x107 39 4x108 5.8
Based on data from Kurath 1994

*Assuming 3 cv/hr flow rate.

3.3 EXCHANGER ELUTABILITY

Once exchange material in a column operation is loaded to equilibrium with cesium,
either the cesium or the exchanger itself must be removed from the column and disposed of. In
the case of organic exchangers, the cesium is most often eluted from the column using an acidic
solution. A resin which cannot be eluted effecti\;ely may require an unrealistic quantity of

eluant or inay have to be removed from the column and disposed of after each loading cycle.

In the work done by Prignano (1989a), CS-100, C-3, and R-F were investigated for their
elution characteristics using 0.3M nitric acid. The samples were allowed to equilibrate in a
constant quantity of the eluant for four hours. The percent elufedl from an average of three
runs per resin is shown in Table 3.4. In this study, C-3 did not elute easily, while CS-100 eluted

very nearly 100% of the cesium from the column. R-F resin eluted reasonably well.

TABLE 3.4. Results of Batch Elution Tests

Exchanger Percent Eluted
CS-100 100.1 £ 3
C-3 27.5+0.3
R-F 89 +4

~ Data taken from Prignano (1989a)

In more recent studies, the elution of R-F resin was studied in a column arraignment

(Kurath, et al. 1994). For these tests, it was difficult to remove the cesium down to a C/C,y of
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less than 0.1, even after passing 25 to 40 column volumes of acid through the column. The
relatively poor elution behavior of the resin appears to be the result of resin agglomeration due
to the ~35% volume shrinkage during elution. The shrinkage resulted in column channelling
along the column walls. Recent runs with a newer batch of R-F (BSC-210) indicate much
improved performance. Using BSC-210, the columns were eluted to a C/C, of of less than 0.01

in 11 cv. This is nearly the elution rates achieved with CS-100. The reason for this improved

elution performance is still uncertain.

In general, zeolites have not eluted and are considered for once-through operatidn only.
Because they are not reused after a loading cycle, other concerns must be addressed including:
‘(1) their impact of the final waste form is more significant than eluted resins; and (2) the
exchangers will be stored in the solid form, safety issues associated with their storage must be

addressed.

Goheen and Kurath (1994) have shown that their use may be precluded due to the large
increasé in HLW glass logs produced as compared to an eluted exchanger. They found that in
order to remove the cesium from a total blend of Hanford wastes using IE-96, 160,000 HLW
canisters would be produced. For an eluted resin, only 26,000 HLW canisters would be

produced in processing the same feed to similar cesium product levels.

3.4 CHEMICAL STABILITY

Study of the R-F resin has shown that its chemical stability during storage, loading, and
cycling may be a concern. Ion exchange studies were performed with the R-F resin in 1988.
Similar experiments were performed with the same batch of resin in 1993 and the resin was
shown to have degraded (Bibler 1994a). In some cases, the distribution coefficient decreased by
more than an order of magnitude. The exact cause of the degradation was not clear. Freezing

and oxidation were investigated but conclusions were not reached.

Resin degradation in caustic was studied with a 10M Na™ DSSF simulant by Bibler
(1994b). The results of this study consistently show > 50% decrease in cesium distribution

coefficient after the resin is exposed to the caustic solution for 451 hours.

The Bibler study contradicts the earlier work by Bray (1990). Using SRL simulant, Bray

loaded and eluted the same ion exchange column for seven cycles. He found that the
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distribution coefficient decreased between the third and fifth cycle by approximately 20%. The
distribution coefficient remained relatively constant between the fifth and seventh cycle. Over
the course of these cycles, the resin was exposed to caustic for ‘approximately 700 hours, while in
Bibler’s work, the resin was exposed for only 451 hours. Therefore, the stability of R-F resin
must be studied further to address this difference. '

The results of Bray’s work (1990) are very similar to those seen by Chilton (1981) with
CS-100. Chilton cycled the resin between the acid and sodium form for 30 cycles. He found
that the distribution coefficient of CS;IOO decfeased by approximately 2-3% after each cycle.
Therefore, the resin degradation for both CS-100 and R-F during cycling appears to be fairly
comparable.

Zeolites are not chemically compatible with highly alkaline wastes such as DSSF and
NCAW and tend to degrade with time. Zeolites are contain significant quantities of aluminum.
In high alkaline solutions, the caustic dissolves the aluminum as aluminate ion which in turn
reduces the cesium K, and/or capacity. Therefore, the hydroxide 'concentration must be
considered before zeolites can be used. The operational range of Durasil 230, for example, is

specified as between a pH of 3 and 10.

3.5 RADIATION STABILITY

Zeolite materials, being inorganic, are virtually immune to radiation damage. Organic
materials, however, degrade with accumulated radiation dose. Several static radiation studies
have been performed to quantify its effect (Bibler et. al. 1990; Bibier 1994b; Bryan 1993). These
results are shown in Figure 3.1. Bibler’s work measured the distribution coefficient of R-F resin.
For both cases, the distribution coefficient did not decrease from its original value of 3000 mL/g
until the resin had been exposed to > 107 rads. Above these dose levels, the resin distribution
coefficient quickly becomes unacceptable. By 108 rads accumnulated dose, the distribution
coefficient drops to 900 and 100 mL/g for the 1994 and 1987 tests, respectively. CS-100 was
studied in NCAW simulant and shows only a 20% reduction in the K, over a similar range as R-
F (exposed to 10° rads). It should be noted that even after the significant decrease due to a
radiation exposure of 10° rads, R-F still has a higher Kd than CS-100.
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4.0 CONCLUSIONS AND RECOMMENDATIONS

There are very few commercially available ion exchange materials which are suited for
cesium removal from alkaline supernates. Among those studied, CS-100, R-F, C-3, and zeolites
may be acceptable, but these materials are not without their limitations. R-F resin has
reasonable ion exchange performance, but concerns remain with respect to its elutability in a
column, and chemical and radiolytic stability. C-3 has reasonable ion exchange performance, but
showed poor elution behavior. The zeolites have K, values as high as CS-100, but appear to be
unstable in the highly alkaline solutions which comprise most of Hanford’s supemates' and
saltcakes. Furthermore, if the zeolites are used once-through, they may produce unacceptable

quantities of HLW glass.

Work should be done to address the limitations of these exchangers. The chemical and
radiochemical stability of R-F should be verified with the new batch of R-F resin (BSC-210).
The channelling during elution may not be a significant concern in the larger columns during
actual operation. Furthermore, the levels of chemical and radiochemical degradation which are

seen with R-F may be acceptable from a processing standpoint.

Only limited data is available on C-3 resin. It was eliminated for consideration for B-
plant because it was available only by special order. Since all of the promising organic resins are
only available by special order, it should be considered as a viable alternative to CS-100.
Although it does not appear much better than CS-100 in terms of its cesium distribution
coefficient, further study may show it has other advantages over CS-100. If this resin is
investigated, laboratory work should be done to confirm earlier batch distribution and elution -

results, and the kinetics and chemical compatibility of the C-3 resin shouid be tested.

Although zeolites degrade in acid eluant, the cesium may be effectively eluted and the
zeolites disposed of a LLW glass. This would reduce their impact to HLW glass. This option as

well as other similar elution strategies' should be considered.
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APPENDIX A

ION EXCHANGER MANUFACTURER INFORMATION

Amberlite is a registered trademark of Rohm and Haas, Philadelphia, PA, (215) 592-
3000.

Duolite is a registered trademark of Rohm and Haas, Philadelphia, PA, (215) 592-3000.
Durasil is a registered trademark of GTS Duratek, Columbia, MD, (410) 312-5100.
Lewatit is a registered trademark of Miles, Inc., Pittsburgh, PA, (412) 777-2000.

Ionsiv is a registered trademark of UOP, Mt. Laurel, NJ, (609) 727-9400.

Boulder Scientific Company, Mead, CO, (303) 5354494,

ResinTech, Inc., Cherry Hill, NJ, (609) 354-1152.

Vydac, The Separations Group, Inc., Hesperia, CA, (619) 244-6107.

Pharmacia Biotech, Piscataway, NJ, (800) 526-3593.

Purolite Company, Bala Cynwyd, PA, (215) 668-9090.

Sybron Chemicals, Birmingham, NI, (609) 893-1100.

Dow Chemical Company, Midland, MI, (517) 636-1000.
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| Duohte CS-‘IOO

Weak Acld Catlon Exchange Resin

Technical Sheet

1822
Product Descriphon

Duolite CS-100 is a granular weak-acid catlon exchange résin containing both carboxylic acid and phenolic
hydroxyl groups. Because of its unusually high selectivily lor cesium and multivalent cations, this resin is
particularly eftective for the treatment of alkalina low level radioactive waste soiutions. This high degree of
selectivity may suggest other uses for this unique resin. _

Duolite CS-100 has% rigid macroporous structure which is unusuaily resistant to attrition. Because it swells
much less than most weak-acid cation exchangers, very little resin breakdown is encountered in acid-base

cycling. Phenolic resins are more resistant to radiatlon than

rene ex uolite CS-100 is easily |

and completaly converted to the hydrogen form with little more than stoichiometric quantities of mineral

clds,

-1able 1.

Physical and Chemical Characteristics of Duollte cs-100

Resin mptrlx . .
Functional groups .
lonic form, as shipped
. Physicai lorm
~  Particie size (moist)
Bulk density, Hﬁ!crm .

Molstura retentfon capacity
Void Volume -

Maximum reversible swelling, H to Na larm

Total ion-exchange capacity .
Operating pH range
Suggested ltemperature limitation
, Chemical Stability:
’ Ftos:stanca.to most acids ceon
' Resistance-tx alkalies ne
Maximum chiorine concentratlon
Maxlmum HNO, concentration

LG ..

Low-Level. Radloacttve Waste Treatment

rouo increases the selectivi
This very weakly acidic group is activated at pH values above 9. For this reason. Duolite CS-100 has
been particularly usefui in the selective removal of Cs-137 (and Sr-90) from alkaline low-ievel radioactive

The presence o B ohen llc hydro

Phenol-formaldehyce concensate
Carbox)"llc and phenolic

Hydragen (other forms on request)
Porous granuies

'0.3-1.3 mm. {16-50 mesh, U.S. standard sieves)

600-700 grams {moist)/liter 8.5.40.
{38-45 Ibs/cu. L) '

48-58% (H form)

40% (0.4 1/1 or 3 gai/cu. f1.)

20-25% (e.g., 1.0—»1.23)

Minimum 1.0 eq/1 {22 Kgr/cu. it., as CaCQ,)

6-14

Up to 80°C (about 175°F)

exceilent
good

0.1 ppm
1.0 M (at 25°C)

ol this resin for cesium by a factor of 10

wastes. This process, developed originally at the Oak Ridge National Laboratory (1), consists of precipitation
with aikall to remove suspended solids and hardness, sludge removal. then filtratio through a column of
Duolite CS-100 to remove residual radicnuclides. The resin is effectively regenerated with dilute solutions of
nitrie, hydrochioric or sulfuric acids. Based on the published reports, ihis scavenging-precipitation ion-
exchange process removes more than 99.9% of the cesium and strontium to levels well below the maxumum

perrmssuble concantration (MPC) of these radionuciides,

(1) ORANL-3038, ORNL-TM-S. QRNL‘JJZZ. ORNL-3349, ORNL-1863.
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“e decontamination factors lor cesium and strontium with Duolite CS~100 have been in the range of 103 to
=104, Capacily is influenced by the presence of other multivalent cations since they compete [or the exchange
sites. Thus the overall performance of the abave system depends considerabiy on the efficiency o!f the

{locculation and filtration. Any hardness ions present will reduce the ion-exchange capacity for cesium and
strontium. If this problem occurs, residual hardness can be removed by using a column of Quolite C-464 prior
to the Duolite CS-100. Duolite C-464 in the primary position wiil selectively remove the divalent cations .
(including strontium); Duclite CS-100 will then selectively remove cesium, Both resins are ellectively
regenerated (in series) with dilute HNO5 or HCI. Some operating conditions [or low level waste treatment with

Duolite CS-10Q are given in Tahle 2.

Table 2. g .
Operating Conditions for Duolite CS-100 in the Treatment of Low Level Radloac ive Waste

Minimum 50 cm (36 inches)

Sed depth:

Height to depth ratio: .21 to 10:1 .
Service flow rate: 12 to 20 IitersAlter/Mr (1.5 to 2.5 gpm/cu. ft) -
Solution pH: 11.2 to 12.0 .

1500 to 6000 bed volumes
(11,000 to 45,000 gals/cu. n.) .
0.5 N HNO,, 10 to 15 bed volumes -

Volume throughput:

Regeneration:

: (Ditute HC! and HeSC, have aisc been used)
Rinse: One bed volume soft water

Conversion to sodlum foem: 20 bed volumes of 0.1 N NaQH

Adsorption of Organic Compounds

The unique properties of Duolite CS-100 suggest its use in the nsolatlon or chromatographic separation ol
grganic compounds such as the basic amino acids (arginine, histidine and lysine), alkaloids (nicotine and
quinine), vitamins (thiamine, nicotinamide, adenine, folic acid and B,,) and enzymes. These substances can
be adsorbed by either the hydrogen or sodlum lorm of the resin and are eluted by near stoichiometric
amounts ot dliute acid (or alkall). In general, the hydrogen form is suggested [or adsorption of compounds in
the [ree-basa [orm whereas the sodlum foem is mare elfective in the adsorption of acidie salts. <

In an interesting application'(Z). coenzyme A was adsorbed by Duolite CS-100 from an acidic solutlon, the
impurities stripped off with 0.2 N HCL, and the cosnzyme eluted off with water,

{2) J. Am. Chem. Soc. 74.854 (1952),
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PRODUCT DESCRIPTION

DUOLITE C 3 is a highly porous strongly acl-
dic cation exchange resin basad on crossiin-
ked phenol-formalidehyde polycondensate, in
granular form. The configuration of this resin
ditters significantly from thatof & folyatyuno
catlon exchanger: the funotional groups of
Duolite C 3 are methylene sulphonic rather

Duolite International SA, a Unit of Rohm and Haas Company

than benzene sulphonic. This has a favourable
infiuence on the regeneration efficiency, the
gelectivity and the adsorptivity. The highly
porous matrix of DUOLITE C3comblined with
its sorptive properties makes It particularly
useful where a combination of catlon ex-
change and adsorption is necessary.

PROPERTIES
Resin matrix Crosslinked phencl-formaidehyde
polycondensate
Functional groups Methylene sulphonic
Appearance Dark red granules (wet)
Specific gravity 1.24 (M form)
Bulk density 700 to 770 g/litre (fully hydrated)
Particle size 0.3 to 1.4 mm (fully hydrated)
lonic form as shipped Hydrogen

Molsture retention capacity
Total exchange capacity

Reversible swelling
Pressure drop per metre of bed

depth
Hydraulic expansion

£0:91 ¢661°60°60

45 to 68 % (fully hydrated M form)

1.0 oq/litre (wet)

2.8 eq/kg (dry)

Approx. 3 % (from sodlum to hydrogen
form)

Approx. 2 kPa per m/h linear flow
rate (water, 20°C)

Approx. 60 % at 16 m/h (water, 20°C)
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AP RivA IV

-

The principal uses of DUOLITE C 3 are in the
nuclear, starch hydrolysates and pharmaceu-
tical industries.

Nuclear Power 8tations:

Caesium removal.

Slarch Hydrolysates Industries:

Taste and odour removal, refining, HMF
removal. '
Pharmaceutical Industries:

Chromatographic separation of amino acids
and alkaloids.

SUGGESTED OPERATING CONDITIONS

pH range: Qto 13
Temperature Iimitation: max 60°C
Minimum bed depth: 700 mm

Service flow rate:
e When treating high viscosity

liquors or high levels of Impurities: up to 8 BV/h

o With low viscosity liquors or low

levels of impurities: 8to 24 BV/h
Regenerstion:

Regenerants H, SO,
Regeneration level g/litre resin 50 to 100
Concentration w/v 210 4%
Flow rate 2108 8BV/h
Minimuym contact time 30 minutes

Rinse flow rate

Food Processing Applications:

DUOLITE C 3 complies compositionally with
the US regulation FDA 21 CFR 173.25. As
governmental regulations vary trom country
to country, it s recommended that potential
users of resins for food procesaing apelica-
tions contact their Duolite representative to
assess the best choice of resin and optimum
operating conditions,

HCI
40 to 80
2108%

18 8v/h (2 BV displacament at

regenaration flow rate)

Remarks

1.Inspeclal cases, in order to reactlvate totally
the surface adsorption properties of DUOLITE
C 3, a perlodic dliute caustlc rinse before the
acld regeneration Is recommended.

2. Combinations of factors such as strong oxl-
dizing agents, high pH and elevated tempera-

ture can produce undesirable effects on the
life time of the resin,

3. Volume delivered Is measured in the fully
hydrated form, after being exhausted with di-
lute NaOM solution, regenerated (see above),
backwashed oxtensively, settied and drained.

Safe Haadling Information :
A Matenisl Selety Data Sheet i sveilsdle for each produet
UPON TeQUes,
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" Lewatit DN KR

b A

Senen-m

Prod uktinformatibn'en | 5-3020

Gelfdrmiger Kationenaustauscher mit gemischt sauren Gruppen auf Basis eines Polykondensationsturzes,
pereinigl und ausgewaschen entsprachend den Spezifikationan der Kerntechnik,
far Jun Einsale in :

Einzeibent-Filtern zur  selektiven Cisiumbindung aus
Losungen mit groien Mengen an Alkali-innen

Dekontaminierung von
Kroisiuten in kemtechnischen Anlagen

bai nlhﬁo;xsgcachwindigkcitcn bis 40 rm/h und Detriebstamperaluisn bis 50°C.

Ziel der Anwendung von Lawatit® DN KR ot 0o, das Csium aneine lestsubstanz zu binden und bis cum 1sliwaisen
AbKlingen der RadioaktivitAt aicher 71 Ingemn. Es ist dahar im aligemainen keine Regencrution des Austauschers .
vorgesehen.

Dle Bestandigkeil cues Lewutit ON KR nimmt mit steigendem pH-Wert ab. Dias zeigt sich an siner zunehmenden
Peptisation, die bei p!l-Werten Gber 11 2ur Jdeutlichen Verfarbung des autbereitelen Wassers tihn.

Wirhtige Produkidaten und Empfohlungen zum Belrieb von Lewatit DN KR sind auf der ROchseite dieses Blanes -
zusammengestellt. '

Spczifikation t0r den Cinsatz in kesiilethnischen Aniagen:

Gcehalt an Chlorid und

organisch gebundenem Chior max. 300 mg/|
Strahienbeziindigheit Matrix 10"~ 10" 1aud
Strehlenbestindigkeit Funktonelle Gruppen 10°-10" rag

Die Leistung der Kn-Ha_rze wird wesentlich auch van der Konstruktion der Apparaturen. der Verfahrenstechnik :
und den Anforderungen an das aufbereitete Wasser im Verhditnis zu den Zulaufwerten beeinliuBt

Bayer - | @
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.4 Lewatit DN KR
Usteform Divivindy M Na ffua Na
Komform K DADS Kugein
Farbe lowant: Smtac schwarx
Grundgerlst  Sycrvil = Pooy ConiENIATE Polykondensationsharz
Anm,-upp. Priesv X SV U A DS Phenol/Suifonsiiure
Knrngrﬁnonberelch' (min. 90%) s LANE mm | 0,.315-1,6 )
E Effektive KarngraSe (+003) . wacd mm | 0,45 i T L
-§ Gluichheilskoeffizient , max. | 2,1
332 SchOttgewicht  Peimimmant, £ ACE NG DEWCI 1 9/| | 800900 _
g _?.id.“’ ) DIEAL ﬁ"],, ca. g/mi | 1,21
& Feuchlwyehalt® oSN U™ WNTENT Goew % | 50-55 -
Totale Kapazitit®  In AustaUscheinhelien ¢, min, mol1 | 1,1
S™adi -7 bei Temperaluren *C | + 1 bis +50
Bestlindig im oH Boreich B 0-11
A Lagerfihig bel Ternperaturen °C | +1 bis +40
i in Originalvarpackung min. Jahre | 5
Standardverpackung 200-I-Fibretrommel
Nutebare Kapazitit " in Austauscheinhelten  max. moint | -
Schichthone min. mm | 1000
Volumen&ndeorung No —» pH 7 ' cu. % | -8
Druckveriusttaktor je m Schicht u. msh hei 15°C .ca. | 0,008
c E:tﬂebshmpentur max. + *C | S0
% pH-Arbeitsbereich 5-13
'g o Beladen i . max. mm | 10 .
k-] i o -
g s lél:::;:indigkeik Regenerieren il -
% g bei Auswaschen mMhi- B
Da Rickepllen (beladencs Harz) mh | -
_:;g g _ﬁicksp(ilraum {Lrcugen aul das Harzvolumen) % | 70 " _:
Ez Hettausdehnung (hel Rilcksplien) max. % jem/m [ § B '
o~ Produkt -
% Regeneriermittes Konzentration % | - T T
w _ . | Menge (100% iye Ware) ca. g/l larz | - T
‘Waschwasserbedart . ca. ViHarz | - T
' Spezit. organ. Belastung ja Zykius max. g KMaO /1 Harz | - T )
Zulsesiger Druckverlust - max bur 1,5
Emptohlene Beladungstormen bei lingeren Betriehspausen | Na, betrisbebedingts iei.aungﬂomo..
M‘Mﬂbnmbnaduwcuwm * » Delnn nach DIN arnier
m".‘ vy .ln‘ “-II'A " f—:‘*hﬂ.:.r-“‘!—' i
Eniserpeng: ::u:;.,, -; :,:’h:#,,'m“ m‘ TS m‘:‘ - i;,..‘ .d': Kein gefihriiches Dansporigut
Umey tres oL In Wer, 3CviR

mmohwmﬂm“u“
B ohe Sendden sisl Son » ynd
-nnu-mmm.nl"n Hoh
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[ ) o o w8 Zwarh
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lon Exchange Resins

AMBERLITE® IRC-718

AMBERLITE IRC-718 chelating cation exchange  to give starting points for choosing a resm for
resin has & high dffinity for heavy metat cafions  selective metal removal.

over alkali or alkaline earth metals, such as sodium,
potassium, caicium and magnesium. Selectivity R—~
is achieved by an iminodiacetic acid functionality  TABLE 4
chemicgally bonded to @ macroreticular resin :
matrix. The functional group coordinatesheavy  Typical Physical Properties

metal ions with several active sites, binding 1he . o
ions very tightly. (These do not constitute specifications)

The selective nature of AMBERLITE IRC-718 resin .

may dramaticaily decrease the cost of waste Appearance Hydrated, opaque beads
freatment. When small amounts of toxic metals  Shipping Weight 42 Ibs./ft.3 (Na form)
are in solution with larger amounts of alkali or -
clkaline earth cations, AMBERLITE IRC-718 resin ~ Screen Grading (wet) 16 to 50 mesh
will prefer the ‘toxic metals over the other (US. Standard Screen)
cations. This allows removal of the undesirable : o
metal contaminant without the need to com- Moisture Content 62 to 68% (Na form)
pletely deionize the waste stream. Regenerant  Swelling 40% H - Na
costs and, in some cases, capital costs can be . - -
reduced. since a smaller systemn can be used. Cation Exchange Capocity 11 meg/ml wet resin
The macroreticuiar structure of AMBERLITE IRC-718 escoerwomscamsnzarra= v
resin provides c number of advantages over 4) pH = 2 KM
fraditional gel resins. It is highly resistant fo osmotic Metal lon Co
shock, providing greater resin life than gel resins
used under the same conditions. Due to the Fe+ ++ 325,000
short ion diffusion path, the high porosity of
AMBERLITE IRC-718 resin improves the kinetics of Cu++ 130.000
ion exchange. Hg+ + > 43000
AMBERLITE IRC-718 resin is ideal for use in non-
aqueous media, such cs chemical process Aut*+ > 8100
streams, becaouse of its macroreticular structure. Ag+ 4.600
The resin is based on a very stable styrene-divinyi i
benzene matrix. Typical physical properties are Ni+ + 3.200
given in Tabie 1. :
Cd++ 620
Selectivity Fo+ + 190
The apparent selectivity of any ion exchange N
resin for a given metal depends upon concen- Mn 120
fration, the presence of other species, and pH. In++ 120
This makes absolute selectivities very difficult to
... determine, especially for waste treatment appli- Alt+++ 50
£y cations. Because of this, aboratory testing is essen-
X ,) tial when a resin is required to remove one or Mg+ + 20
more types of metal ions selectively. Selectivities Co+ + 10

have been measured under various conditions

B.7
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e Operating COpOCifY

2) pH = .4 kM The total exchange capacity of AMBERLITE IRC-748
Metal ion Co resin in the sodium form is 1.1 meg/mi wet resin.
Hg+ + 2800 In normal use, however, the resin bed is usually
: notcompletely exhausted during operation,and
Cu++ 2,300 economic considerations may dictate less than
100 percent regeneration. Actual operating
Pb++ 1200 capacity will be less than the total exchange
Ni+ + 57 copacity and should be determined by specific
applications testing.
n++ 17
Backwashing
Cda++ 15 ) )
Many feed streams contqin particulate matter
Cot+ 6.7 which can clog an ion exchange bed. Back-
washing is necessary at reguiar intervals to remove
Fe++ 40 this material. When there are large amounts of
Mn+ + 12 suspended matter, backwashing may be nec-

essary at each regeneration cycle. The back-
Ca++ 10" wash should be at a sufficient rate to give at
least 50 percent bed expansion. The proper
———se——————e—————  {lOW rate can be found in Figures 3 and 4.

3) pH = 9, very high ammonium background

(200g/L(NH 4),S0.). M Exhaustion Flow Rate
Metal ion Ca Chelating ion exchange resins may have slightty
. poorer kinetic characteristics than conventional
Ni 30 (strong electrolyte) ion exchangers. Flow rates,
Ca++ 14
e |
Cu++ 10 TABLE 2
n++ 3 ) N
Suggested Operating Conditions for
Ca++ 10 AMBERLITE IRC-718
. o . H 1510140
These data provide a guideline of relative PR P
selectivities; no table can provide selectivities (minimurn pH depends on application)
under all conditions. Using these starting points, ~ Maximum Temperature 190°F. (90°C) (No)
the affinily of the resin for a given metal can 160°F. (70°C) (H)
be increased or decreased by adjusting pH. Service Flow Rate 1.0 to 40 gpm/tt3
. s 8.0 to 32.0 BV/hr,
Operating Conditions . [ ]
. oo Regeneration 5 10 15% HCI or H,50,
AMBERLITE IRC-718 resin is widely used in waste 0.25 to 0.50 gpm/ft2
freatment, chemical processing, and hydro- (20to 4.0 8V/hr)
metaliurgical applications where there is high 6 1o 12 Ibs. acid/ft.3
variability in feed streams and competition from — ;
other species present in solution. Changes in I\.lfeuhchzchon 110 3% sxlumhhédrogéde
PH, concentration, and background composi- (if necessary) grzgnt'\moogéum y/f;chl e
fion (especially complexing ions such as EDTA) 2'0 4 © 46 ng,ﬁm ’
may change sorption characteristics. The sug- (2010 4 3 ")
gested conditions listed in Table 2 should, there- 2to 4 los/ft
fore, be cogsidered Q starting point; laboratory  Pressure Drop See Figures 1 and 2 .
experiments should be done to determine the " ; . N
eftectiveness of any ion exchange process for a gﬁgggéxmg:on See Figures 3 and 4

desired gpplication.
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Figure 4. AMBERLITE IRC-748
SODIUM FORM HMS—0.55
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Figure 2 AMBERLITE IRC-748
HYDROGEN FORM HMS—054
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Figure 3. HYDRAULIC EXPANSION OF THE
SODIUM FORM OF AMBERUTE IRC-718
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Methic Conversion
gpMM2 fo M. = gom/m? x 245

therefore, may need to be somewhat slower
than would be typical for water treatment resins.
Flow rates of 1.0 to 4.0 gpmy/tt3 (8.0 to 32.0 BV/hr)
should be acceptable for less demanding appli-
cations but should be reduced when high flow
rates prevent efficient removal of the heavy
metal ions.

Regeneration

Becouse AMBERLITE IRC-718 resin has an extremely
high dffinity for metal ions, the amount of acid
required is higher than that required for con-
ventional weakly acidic ion exchange resins. A
regeneration level of 6 1o 10 Ibs. HCI/ft.3 may be

B.9




sufficient for metals with moderate selectivity,
but this should be increased slightly for ﬁghﬂ!
held metals. Flow rates of 0.25 to 0.5 gpm/ft.

(2.0 to 4.0 BV/hr.) provide the best results. Acid
concentration should be 5 to 15 percent, with
higher concentrations needed for more tightly
bound species. '

Neutralization

Because it is a weakly acidic chelating resin,
AMBERLITE IRC-718 resin may require neutralizo-
tion aofter acid regeneration. The resin shouid be
rinsed after acid regeneration with several bed
volumes of water, then treated with 2to 4 Ibs./ft.2
of 1 to 3 percent sodium hydroxide or ammo-
nium hydroxide. Neutralization may not be nec-
essary for tightly bound ions or when the pH of
the influent is high. Laboratory tests on individual
influent compositions will indicate whether
neutralization is needed.

Commissioning New Resin

AMBERLITE IRC-718 resin is supplied in the sodium
form and can, therefore, be used immediately
after rinsing with several bed volumes of water.

Suggested Applications

Chlor-alkali Industry. AMBERLITE IRC-718 resin
effectively removes hardness 1o less than 50
ppb from brine that is fed to chlor-alkali electrol-
ysis cells, atthough an aminophosphonic resin
(such as DUOLITE® C-467) should be used for
maximum performance.

Purification of Process Streams Containing Trace
Heavy Metals. Objectionable levels of metals
may be present in process streams due to their
use as catalysts and their presence in raw mate-

rigls. The high surface area and good selectivity
of AMBERLITE IRC-718 resin, as well as ifs ability to
remove metals over a wide pH range, make it a
good choice for this application.

Electroplating Industry. The high selectivity of
AMBERLITE IRC-718 resin for heavy metais is use-
ful in the removal and recovery of metal ions
from plating baths and rinse waters common to
the plating indusiry. The macroreticular struc-
ture of this resin ensures its stability in the aggres-
sive solutions of plating baths.

Recovery of Heavy Metals from Hydrometal-
lurgical Leach Streams. Because of the ability
of AMBERLITE IRC-718 resin to function over a
wide pH range, it can be used to recover heavy
metal cations that have been leached from
ores by acids or bases. Eiution of metals from this
resin is extremely efficient, yielding a concen-
trated solution of the desired metal ion.

Safe Handling Information

A Material Safety Data Sheet is available for
AMBERLITE IRC-718. To obtain @ copy contact
your Rohm and Haas representative.

CAUTION: Acidic and basic regenerant solu-
tions are corrosive and should be handled ina
manner that will prevent eye and skin contact.

Nitric acid and other strong oxidizing agents
can cause explosive-type reactions when mixed
with ion exchange resins. Proper design of proc-
ess equipment to prevent rapid buildup of pres-
sure is necessary if use of an oxidizing agent
such as nitric acid is contemplated. Before using
strong oxidizing agents in contact with ion
exchange resins, consult sources knowledge-
able in the handling of these materials.

AMBERLITE ond DUOUITE are registered trademcarks of Rohm and Haas Company., or of ifs subsidionies or
dffiliates. The Company’s policy is 10 register ifs frogdemarks where products designated thereby are
marketed by the Company, its subsidiaries or affilictes.

These suggestions and data are based on information we believe 1o be reliable. They are offered in
goad faith, but without guarantee, as conditions and methods of use of our products are beyond our
control. We recommend that the prospective user determine the suitability of our materials and
suggestions before adopting them on a commercial scole.

Suggestions for uses of our products or the inclusion of descriptive material from patents and the
citation of specific patents in this publication shouid not be understood as recommending the use of
our products in viokation of any patent or as permission or license to use any patents of the Rohm and

Hoas Company.

HARS I

PHILADELPMIA, PA 19905

IE-313

April 1993
B.10
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SEPARATION
TECHNOLOGIES

AMBERLITE' IRC-76

CATION EXCHANGE RESIN

m mberlite IRC-76 resin is a high capacity, weakly
acidic, macroreticular cation exchange resin. it
has carboxylic acid functional exchange sites within
a crosslinked acrylic matrix. Amberitte IRC-76 resin is
supplied as white spherical particles in the hydrogen
form. As a weakly acidic resin, Amberiite IRC-76 can
spiit alkaline salts of multivalent cations such as
calcium and magnesium, and also alkaline salts of
sodium. Amberiite IRC-76 resin combines a very high
capacity with lower swelling than is exhibited by
~conventional carboxylic resins. Amberiite IRC-76
resin offers high regeneration efficiency, excellent
chemical stability, and high resistance to physical
breakdown due to osmotic or mechanical stress.

IMPORTANT FEATURES
High Capacity

Amberiite IRC-76 resin has an exchange capa-
city of 4 equivalents per liter.
Excellent Stability

Amberlite IRC-76 resin has excellent resistance to
attrition from osmotic or mechanical stresses.
Stable Over a Wide pH Range.

High Regeneration Efficiency

Because it is a weakly acidic resin, Amberiite
IRC-76 resin can be easily regenerated with slightly

©rRohm and Hoos Company 1990 B.11

more than stoichiometric amounts of dilute solutions
of mineral acids. The result is a process which is very
chemically efficient.

PHYSICAL CHARACTERISTICS

Physical Form - Opaque spherical beads, ship-
ped in the hydrogen form. Typical physical proper-
ties for Amberlite IRC-76 resin are listed in Table 4.

TABLE4 . e |
L |
TYPICAL PHYSICAL PROPERTIES OF

AMBERLITE IRC-76 RESIN

Type Weakly acidic,
carboxylate cation
exchanger

Moisture Content, % 54 to 58

Bulk Density, lb/ft3 48

Specific Gravity 1.14

Screen Grading (wet) 46 to 50 mesh

(U.S. Standard screen)
% Swelling A
H+ to Ca+* form
H* to Na+ form
Total Exchange Capacity,

meq/g (dry), 14
meg/mi (wet) 4

451 (full conversion)
60" (full conversion)

‘opproximgctely



SUGGESTED OPERATING CONDITIONS®

Service Cycle pH 5to 14

Maximum Temperature 250°F (120°C)
Minimum Bed Depth 24 inches (0.61 m)
Backwash Flow Rate See Figure 1

0.5 to 8 gpm/ft?

(4 to 64 I/he/l)

2 to 5% (HCD),

0.5 to 4% (H,504)
0.25 to 1.0 gpm/ft?
(2.0to 8.0 lI/he/)

Service Fiow Rate

Regeneration Concentration

Regeneration Flow Rate

Rinse Water Requirements

Slow Rinse 2 BV ot regenero-
tion flow rate

Fast Rinse 410 8 BV atservice
flow rate

]

‘These suggestions cover the maijority of conditions encountered
in operating units. Some situations may require operation out-
side these parameters (e.Q. regenerant flow rate). Recommen-
dations concerning operations of this nature should be sought
from the equipment supplier., a knowledgeable consultant or
your local Rohm and Haas technical representative.

B.12

APPLICATIONS
Dealkalization

in the hydrogen form Amberlite IRC-76 resin is
very effective in removing ions associated with
corbonate and bicarbonate alkglinity. This can be
accomplished by using Amberlite IRC-76 glone inthe
hydrogen form or before a strongly acidic cation
exchanger operating in the sodium form. A degasi-
fier is placed ofter the weak acid resin bed to
remove carbon dioxide.

Deionization

Amberlite IRC-76 mQy be used as the primary
cation exchanger in a separate bed, folliowed by a
bed of strong acid resin such as Amberiite IR-120 Plus.
This type of operation can provide extremely effi-
cient removal of cations.

An glternate system using o layered resin bed
in a single cation vesse! will also achieve excelient
cation removal. This system uses Stratabed* 76 resin
with Stratobed 122, a strong acid resin. These two
Strotabed cation exchaonge resins are specially
sized for layered bed operation.

Softening

In the sodium form, Amberlite IRC-76 is
extremely eftective in removing hardness weill
below the ppm leakage level even in the pres-
ence of high levels of common salt. kRegeneration
is accomplished with an acid strip followed by @
caustic treatment step.

Amberlite IRC-76 can be used directly as a
softener, or as a polishing softener following beds
of strong acid cation resin such as Amberlite IR-120
Plus.

i




HYDRAULIC CHARACTERISTICS
Backwash Characteristics

To insure proper cleaning and hydraulic classifi-
cation of Amberiite IRC-76 resin , the resin bed should
be backwashed with water after every operating
cycle. Backwash should be continued for about 10
minutes at a flow rate sufficient to expand the bed
volume by 50 to 75 percent. Figure 4 shows typical
hydraulic expansion curves for Amberiite IRC-76 resin
at various flow rates and temperatures.

FIGURE 1

Hydraulic Expansion of
Amberiite IRC-76 Resin
Hydrogen Form

Tomp.‘F/ 70/ 80/ 100

MATERIAL SAFETY DATA SHEETS

Material Safety Data Sheets (MSDS) are avail-
able for all Amberlite ion exchange resins. To obtain
a copy for a particular resin we suggest you contact
your local Rohm and Haas technical representative
or the Rohm and Haas Company.

3
]

% Expansion
3
!

20 —
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Pressure Drop

Figure 2 shows the expected clean bed pressure
drop per foot of bed depth in normal downfiow
operation at various flow rates as a function of
temperature. The total pressure drop can be esti-
mated by multiplying the pressure drop determined
from Figure 2 at the design flow rate by the bed
depth in feet.

FIGURE 2

Approximate Pressure Drop of -
Amberlite IRC-76 Resin

Hydrogen Form
5.0
Temperature, °F 50
Eao—
a 70
qa
Q30—
o g
§ 100
H 20—
a 120
1.0 — /
I | | |
0 4 8 12 16 20 24

SAFE HANDLING

Caution: Acidic and basic regenerant solutions are
corrosive and should be handied in amanner that will
prevent eye and skin injury.

Nitric acid and other strong oxidizing agents can
cause explosive reactions when mixed with ion
exchange resins. Processing equipment designed to
prevent rapid buildup of pressure is necessary when
an oxidizing agent such as nitric acid is utilized.
Before placing strong oxidizing agents in contact
with lon exchange resins, consult sources know-
ledgeable in the handiing of these materials.
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lon Exchange Resins
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AMBERLITE® IRC-50

IMPORTANT NOTICE

The fundamental data contained in this
technical bulletin may not be applicable
to all field situations without some modi-
fication. An engineering company or
equipment manufacturer who will give
consideration to the specific conditions
of operation should be consulted be-
fore any attempt is made to use these
data in the design of a commercial
scale operation.

TABLE 1

Suggested Operating Conditions

pH Limitation None

Maximum Temperature 212°F (100°C)
Minimum Bed Depth 24 inches
Backwash Flow Rate 2 to 3 gal/ft2/min

Regenerant Concentration 1 1o 5§ percent HCI or
: 1 1o 5 percent H2S04

Introduction

Amberiite IRC-50 is a synthetic cation ex-
change resin produced in the form of white,
opaque beads. its unusudlly high exchange
capacity is derived from carmoxylic acid
groups.

Supplied in the hydrogen or “free-acid” form,
Amberiite IRC-50 can be converted readily to
the sodium salt by treatment with a solution
of sodium hydroxide. In the sodium form, the
resin undergoes reactions typical of the salt
of a weak acid and strong base.

Because of its selectivity for the hydrogen
ion, any absorbed cation can be desorbed
easily with @ regeneration efficiency ap-
proaching 100 percent by treatment with
dilute mineral acid.

The carboxylic functionality and exchange
selectivities of Amberiite IRC-50 lead to im-
mediote consideration of this ion exchange
resin in @ variety of applications such as the
neutralization of strong bases; the recovery of
metdaliic ions; the isolation and concentration

of antibiotics, basic amino acids, enzymes,

and peptides.

Summary

Table 1 suggests general operating condi-
tions for Amberiite IRC-50.

®Rohm ond Hoos Company 1986

Buffering Concentration See Text

Regenerant Flow Rate 0.25 to 1.0 gal/ft3/min

Regeneration Level See Text

Rinse Flow Rate Same as regeneration flow
rate initially, then 1.5 gal/
ft3/min

Rinse Water Requirements 25 to 50 gal/ft?

Service Flow Rate 1 to 2 gal/ft*/min

Exchange Capacity See Text

Physical and Chemical Characteristics

Amberlite IRC-50 is fumished in the fom of
white, opaque spherical particles. it is shipped
in the hydrogen (H+ ) form (free acid) in a wet,
swollen condition.

Density (hydrogen form, as shipped): Approx-
imately 43 pounds per cubic foot in plaoce
(backwashed and drained bed volume).

Swelling: Maximum of 100 percent upon
complete conversion from hydrogen form to
sodium form.

Screen Grading (wet): 16 to 50 mesh (U.S.
Standard Screens)

Effective Size: 0.33 to 0.50 milimeters
Moisture Content: 43 to 53 percent
Unitormity Coefticient: 2.0 maximum

B.14



Total Exchange Capacity: .-
(@) Volumetric . . .3.5 meg/ml, minimum’ TABLE 2

(b) Weight . .. 10.0 meq/g dry. minimum
Percentage Swelling of AMBERLITE IRC-50
Physical Stability as a Function of Defense of Conversion from

4. Swelling: Amberiite IRC-50 swells approxi- Hydrogen Form
mately 40 percent on transformation from

the hydrogen to the calcium and magnesium Percent Calcium and
form as shown in Table 2. This sweling is  Converted Sodium Magnesium
reversible and does not cause any apparent 0 0 0
damage to the bead structure. When the

exchanger is converted from the hydrogen 25 25 10

to the sodium form, particle swelling varies 50 50 ) 20
linearly with increasing pH; at a pH of about

10, the resin expansion reaches a maximum 75 75 30

of 100 percent. 100 100 20

2. Effect of Temperature: Exchange rate and
equilibria of Amberlite IRC-50 are more af-
fected by temperatures than are the phy-
sical characteristics of the resin. The rate of TABLE 3
exchange and the offinity for hydrogen
(H+) increase as operating temperatures
are elevated.

3. Aftrition: Extended field experience has
shown that Amberiite IRC-50 has excelilent  (Calcium Form - Effective Size = 0.4 mm, Uniformity

Pressure Drop of AMBERLITE IRC-50 Beds as @
Function of Flow Rate

attrition resistance. Coefficient — 1.6) Pressure Drop, Ibs/in2/ft of Bed Depth
Chemical Stability Flow, gpm/fi2 35% 45°F 55°F 75%
Amberiite IRC-50 is stable in the presence of 2 0.30 0.25 0.22 0.16
strong alkalies and acids, aliphatic and aro-
matic solvents. On prolonged contact with 4. 0.66 0.55 0.48 0.35
certain organic solvents, the resin swells to 6 1.02 0.85 0.74 0.55
some extent, but no disintegration of the
exchanger beads has been observed. 10 1.74 1.45 1.27 0.93
. . 15 2.70 2.25 1.96 1.45
Operational Characteristics 20 3.60 3.00 562 193
Pressure Drop . 30 6.00 500 440 3.21

The cpproximate drop in pressure to be
expected for each foot of bed depth of
"~ Amberiite IRC-50 in normal downflow opera-
tion at various flow rates and temperatures is
indicated by the data in Table 3.

Hydrauiic Expansion

To insure proper cleaning and hydraulic classi-
fication of Amberiite IRC-50 after each opera-
tional cycle, the bed of resin should be
backwashed with water for about ten minutes
at a flow rate sufficient to effect a minimum of
50 percent expansion in bed volume.

The hydraulic expansion of the bed during
backwashing operations is reported as a
function of the flow rate at various tempera-
tures in Table 4. Values for the calcium and
sodium forms are used in the table.
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Swelling

Amberlite IRC-50 has swelling properties similar
to those of all weakly acidic and weakly basic
ion exchange materials. In the hydrogen form,
the exchanger is at its smallest volume. When
completely converted to the sodium form, the
exchanger will have swollen to approximately
double its volume in the hydrogen form. The
calcium and magnesium forms are approxi-
mately 40 percent larger than the original
hydrogen form.

The amount of swelling as a function of
degree of conversion is given in Table 4.
Values are based on a capacity of 3.5
miliequivalents per millliter for the sodium
form and 2.4 miliequivalents per mililiter for
the calcium and magnesium forms. The value
of 3.5 milliequivalents per milliliter for conver-
sion 1o the sodium form is of interest only for
cases where sodium hydroxide is being re-
moved. This will apply usually only to special
cases, for exampie, in polishing units where
conversion 1o the sodium form will be quite
high. The capacity value of 2.1 miliequiva-
lents per milliliter for the calcium and magne-
sium forms was selected as an average value
to be used for the exchange of calcium and
magnesium salts from their bicarbonate saits.

Titration Characteristics

The potentialities of Amberlte IRC-50 in ion
exchange processes can be detemmined
conveniently by comparing it with one of the
well-known sulfonic-acid type cation exchan-
gers, Amberlite IR-120. The following equa-
tions, illustrating the reaction of each resin
with sodium chloride and sodium bicarbo-
nate, point to the fundamental differences in
“reactivity” of the two exchangers:

Amberiite R-120
1. R2-SOsH+NaCl 7=—= RzSO3Na+HC! °
2. Rz-SO3H+NaQHCO3 +=—= Rz503Na+COs+HO
Amberlite IRC-50
3. Rz-COOH+NaCl =—= Rz-COONa+HCI
4. Rz-COOH+NaHCO; T=— Rz-COONa+CO,;+HyO
These reactions clearly illustrate that Amberiite
R-120 and Amberlite IRC-50 differ funda-
mentally in their relative affinities for the hydro-
gen ion. Amberlite IR-120, containing strongly
acidic sulfonic-acid groups, is highly ionized
and shows little offinity for hydrogen ion. In
contrast, Amberlite IRC-50, containing slightly

ionized carboxylic acid groups, shows tremen-
dous offinity for hydrogen ions. As shown by

]
TABLE 4

Hydraulic Expansion of AMBERLITE IRC-50 (Ca orNa) as
a Function of Backwash Flow Rate—Percent Expansion

35°F 45°F 75°F
Flow, gpm/ft2 A B A B A B
1 11 5 8 0 0 0
39 22 31 16 13 5
66 39 54 KY| 28 1

93 57 77 a6 4 - 24
121 74 101 61 59 34
6 148 91 125 77 75 44

A. Effective size 0.36 mm. Uniformity Coefficient—1.56
B. Effective size 0.44 mm. Uniformity Coefficient—1.65

nlbjwid

Figure 1. TITRATION CURVES OF AMBERLITE IRC-50
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equation (1), sodium easily displaces the
hydrogen in Amberiite IR- 420 with the resulting
formation of hydrochloric acid. As shown by
equation (3), sodium displaces with great
difficutty the hydrogen in Amberiite IRC-50
since hydrochloric acid, a strong acid, is one
of the reaction products. Thus, the equilibrium
is shifted far to the left. As shown in equations
(2) and (4). both Amberiite IRC-50 and
Amberiite IR-120 react easily with the salt
of a weak acid. In these reactions, Amberiite
IRC-50 is active because few free hydrogen
ions result from the exchange.

The hydrogen ions of both exchangers can
be removed readily by simple neutralization
with alkalies as shown in the following reac-

tion between the carboxylic-acid exchanger

and sodium hydroxide:
R2-COOH + NaOH T—= Rz-COONa+H0

Here, Amberiite IRC-50 functions because only
a low concentration of free hydrogen ion is
formed during the neutralization reaction.

The. product obtained on neutralization of
Amberlite IRC-50 is the salt of a weak acid;
and some hydrolysis will occur, therefore, as
the salt form remains in contact with water.
The extent of this reaction will depend upon
the vaience of the cation involved. Whereas
the hydrolysis of the resin salts of polyvalent

(di-, tri-, etc.) cations is negligible, the hy-

drolysis of the alkali metal derivatives of
Amberlite IRC-50 occurs to a slight, but
measurable, degree.

The relative affinity of Amberlite IRC-50 for
various cations has been checked carefully.
With the exception of hydrogen, the ex-
change potentials of all metal ions are in the
same range for both carboxylic and suifonic
exchangers. Exchange potential series for
Amberlite IRC-50 and Amberlite IR-120 are
shown for comparison:
Amberlite IRC-509

H+> CA++> Mg+ +> Na+

Amberlite IR-120°
Fe+ + +>Al+ + +>Ca+ +>Mg+ + >Na+>H+

Seach series represents decrecsing exchange poten-
tials, reading from left to right.

Exchange Capacity

The total exchange capacity of Amberlite
IRC-50 is attainable only at high pH values. In
strongly alkaline mediq, it is possibie to utilize
all of the carboxylic acid groups calculated
to be present in the resin matrix. Amberlite
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IRC-50 exhibits a minimum weight capacity of
10.0 milliequivalents per dry gream, and a
volume capacity of approximately 3.5 milli-
equivalents per milliliter, when all capacity
measurements are based on the density of
the hydrogen form of the exchanger.

Since Amberiite IRC-50 possesses great affin-
ity for hydrogen ions, the exchange capacity
will be affected considerably by the pH of the
solution being treated. Above the neutral
point (pH 7.0). aimost all of the carboxylic
acid groups participate in exchange reac-
tions, while below pH 7.0, the resin rapidly
reverts to the hydrogen form and shows
progressively less capacity for metallic ion
exchange. At a pH of about 3.5, Amberlite
IRC-50 exists primarily as the free acid and
does not exchange appreciably with other
cations. :

At the point of neutrality (pH 7.0), Amberiite
IRC-50 possesses a weight capacity that can
be as high as 8.0 milliequivalents per dry gram
and a volume capacity as high as 2.8 milli-
equivalents per milliliter, depending on the
ionic strength of the solution being treated.

Regeneration

Dilute hydrochloric or sulfuric acid can be
employed to regenerate Amberiite IRC-50.
Concentrations from one to ten percent may
be used, however, care must be observed
when using sulfuric acid not to precipitate
calcium sulfate. Amberlite IRC-50 can be
completely regenerated by treating with an
amount of acid equivalent to 110 percent of
the amount of cations removed. For exam-
ple, if 3.0 equivalents per liter are utilized in
the cation uptake. one would use approxi-
mately 3.3 equivalents of acid per liter of
Amberlite IRC-50 for regeneration. For appro-
priate rates of flow during regeneration, see
Column evaluation section 3.

Determination of Exchange Capacity

To facilitate evaluation of Amberlite IRC-50in
various applications, standard techniques for
obtaining total exchange capacity and ca-
pacity at pH 7.0 are described:

Tolal exchange capacity: The maximum
capacity of Amberlite IRC-50 can be deter-
mined conveniently by equilibrating a repre-
sentative sample in the hydrogen form with
an excess of 0.1 N sodium hydroxide. The
resin should remain in contact with the excess
caustic for 24 to 48 hours. The amount of
sodium hydroxide neutralized is considered




equivalent to the maximum capacity of the
exchanger. .

Capacity at pH 7.0: The maximum capacity
available at pH 7.0 is detemnined by first
saturating Amberiite IRC-50 with a normal
solution of sodium chioride whichis 0.1 N with
respect to sodium hydroxide. The exchanger
is next rinsed with a pH 7.0 buffer (sodium
acetate-aeetic acid) until the rinsings main-
tain a constant pH of 7.0. After the sample
has been washed several times with distilled
or deionized water, it is placed in an excess
of 0.1 N hydrochloric acid. The decrease in
amount of acid is considered equivalent to
the exchange copacity at pH 7.0.

Column Evaluations

When Amberlite IRC-50 is employed in co-
lumn studies. several precautions should be
observed.

1. It should be recalled that the exchanger
swells approximately 100 percent on con-
version from the hydrogen to the sodium
form. In small tube evaluations, extreme care
is necessary to prevent column packing, bed
channeling, or improper hydraulic classifica-
tion resulting from this volume change. A two-
inch column instead of the standard one-inch
tube is recommended for laboratory work.

2. Exhaustion flow rates must be adjusted
to the resin form. if Amberiite IRC-50 is being
employed in the free acid (H+) form for
adsorption, the exchange rate is slow and a
very low rate of flow is advisable (0.134
milliliters per minute per milliliter of resin). On
the contrary, if the sodium salt of Amberlite
IRC-50 is used for the adsorption cycle, rapid
exchange occurs, and a much higher flow
rate (0.268 milliliters per minute per milliliter)
can be employed.

3. The exchanger form Qiso detemines re-
generation flow rates. If it is desired to
convert Amberlite IRC-50 from the free acid
(H+) to a salt by regeneration with sodium
hydroxide, potassium hydroxide, ammonium
hydroxide, etc., a flow rate up to (0.670
milllliters per minute per milliliter of resin) can
be employed. To regenerate an exhausted
salt form of the exchanger with acid, fiow
rates of 0.434 milliliters per minute per milliliter
should be used.

Applications

The foregoing sections of this bulletin, des-
cribing the fundamental characteristics of

Amberlite IRC-50, have shown that the use-
fulness of this resin in exchange processes
stems from the exchange selectivity of the
carboxylic acid groups. These functional
groups impart three basic properties to
Amberlite IRC-50, all of which depend upon
the exchanger's offinity for the hydrogenion.

Non-reactivity toward neutral salts: Since
Amberlite IRC-50 shows only slight activity
below pH 3.5, neutral salts can not be split
effectively. This point was illustrated in an
earlier section of this bulletin (see Titration
Characteristics).

Buffering capacity: Amberlite IRC-50 can be
buffered easily because of its weak-acid
characteristics. Almost any ratio of salt to free
acid (H+) groups can be obtained by
treating the resin with appropriate buffer
systems. Thus, adsorption can be performed
at controlled pH values—operations almost
impossible to achieve with astrong-acid type
cation exchanger such as Amberlite IR-120.

Acld regeneration efficiency: Because of
the affinity of Amberlite IRC-50 for hydrogen
ion, dilute acids con be employed to re-
generate the exchanger with efficiencies
approaching 100 percent. Previously, where
sulfonic-acid type exchangers have been
applied to certain processes, the adsorbed
ions are held so strongly that very large
volumes of acid are required to recover the
desired materials from the resin. In fact,
the efficiency of acid (H-) as a regenerant
for sulfonate exchangers is so low that
many ion exchanger applications have been
found impractical for large-scale operations.
Amberiite IRC-50 eliminates these difficulties.

Organic Compounds

The buffering capacity and acid-elution effi-
ciency of Amberlite IRC-50 have been de-
monstrated by opplying the exchanger to
the absorption aond recovery of several
classes of organic compounds. The com-
pounds investigated included the follow-
ing: basic amino acids (arginine, histidine
and lysine); alkaloids (nicotine and quinine);
vitamins (thiamine); and miscellaneous bases
such as adenine, pyridine, hydrazine and
ammonia.

Basic amino acld separations with Amberilte
IRC-50: Considerable information has been
collected by investigators on the use of a
synthetic sulfonic-acid type cation exchan-
ger to concentrate and separate the basic
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amino acids (arginine, histidine and lysine)
from a protein hydrolysate. Present processes
" involve treating a protein hydrolysate with
the hydrogen form of a sulfonic exchanger.
The arginine, histidine and lysine are ac-
sorbed preferentially, because their basicity
is greater than that of the neutral and acidic
amino acids. But difficulties are experienced
in eluting the adsorbed amino acids from the
exchanger. The resin-basic amino acid com-
bingtion is so stable that large volumes of
acid or base are required for desorption. The
ultimate necessity for separating the eluting
reagent from the desorbed amino Qcids
poses a serious problem, and because of
these elution difficulties, the development
ion exchange process has been restricted.

with Amberlite IRC-50, the difficuities in the
ion exchange process for basic amino acid
separation can be eliminated. Treatment of
the carboxylic acid exchanger with an appro-
priate buffer (sodium acetate-acetic acid)
converts the resin to @ combined sait-acid
form so that cation exchange occurs at a
controlied pH. if the ratio of sodium (salt form)
to hydrogen (free-acid form) in the exchan-
ger is adjusted to give pHbelow the isoelectric
points of arginine, histidine and lysine, but
above the isoelectric points of the neutral and
acidic amino acids, only the basic amino will
exist as cations in solution and will be ad-
sorbed by Amberlite IRC-50, while the other
amino acids will pass through the resin bed
unaffected.

The resuits in Table 5, were obtained using the
column technique and an exhaustion flow
rate of 0.268 milliliters per minute per milliliter
of resin. The effluent charocteristics were
ascertained with @ ninhydrin spot test, sensi-
tive to @ microgram of amino acid per milliliter
of solution. The influent amino acid concen-
trations were approximately 1 milligram per
millliter of solution. In preparing the resin
column for adsorption of the amino acids. a
butfer consisting of a mixture of 1 N sodium
acetate and acetic acid was employed. The
treatment involved first putting the resin in
the sodium form by treatment with sodium
hydroxide and then passing the buffer (three
volumes per volume of resin) through the
exchanger at a low rate of flow. The Iast
portion of the buffer was alliowed to remain
in contact with the resin bed for fifteen
minutes. The exchanger column was rinsed
free from residual buffer with deionized or
distiled water.

The results indicate that resin pre-treatment
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with a pH 4.70 buffer is necessary for the
adsorption of all of the basic amino Qcids.
Only lysine and arginine are adsorbed by

Amberiite IRC-50 when the exchanger is

treated with a pH 7.0 buffer. This leads to a
method for separating histidine from arginine
and lysine.

A remarkable feature of Amberlite IRC-50 in
the process is the small volume of dilute acid

‘required for complete elution of the ad-

sorbed amino acids. Two milliequivaients of
0.1 N hydrochloric acid per milliliter of resin
effect complete dispiacement of the argin-
ine, histidine, and lysine. In contrast, over
thirty volumes of 6 N hydrochloric acid per
unit volume of resin are required to remove
the basic amino acids from sulfonic-ocid type
cation exchangers. Moreover, a certain frac-
tion of the basic amino acids appears to be
held very tenaciously by the sulfonic resins
and recycling of the acid elutrient is neces-
sary to effect complete recovery of the
adsorbed material. Only one elution is neces-
sary with Amberiite IRC-50.

Recovery of miscelianeous substances with
Amberiite IRC-50: The unique properties of
Amberiite IRC-50 have been exploited further
by determining the adsorption-elution char-
acteristics of the resin in the recovery of many
ionic substances, including quinine, nicotine,
thiamine, adenine, pyridine, hydrazine, am-
monia, and sodium hydroxide. Both the
hydrogen and sodium forms were studied in
agueous and alcohol solutions. The results of
these investigations are reported in Table 6.

These results bear out the selective function
of the carboxylic acid group in exchange
reactions. The choice of the sodium (salt
form) or hydrogen (free acid form) derivative
of Amberiite IRC-50 for the adsorption cycle
will vary with the nature of the substance to
be recovered. If the compounds selected for
study are in the salt form, the sodium deri-
vative of the exchanger should be used,
whereas the hydrogen form of the resin
should be employed -in the isolation of
compounds in the “free base” form, especi-
ally where the materials to be adsorbed are
weak bases.

If Amberiite IRC-50 is used as the hydrogen
derivative, the acidity generated during the
exchange reaction must be removed in
some manner before the resin will exhibit
appreciable adsorption capacity. Thus, If a
“free base” is being adsorbed. exchange
occurs because the displaced hydrogen ion
from the exchanger combines with the hy-
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TABLE S
Basic Amino Acid Adsormption on AMBERLITE IRC-50
Leakage Capacity
Amino Acid Column Pre-Treatment Percent mg/mi g/f?
Histidine H-fesin 25 very low
Lysine ~ H-resin 25 very low
Arginine H-resin 25 very low
_ Histidine Column buffered—pH 5.76 25 very low
Histidine Column buffered—pH 5.30 10 very low
Histidine Column buffered—pH 5.0 510 18 510
Histidine Column buffered—pH 4.7 2-10 35 980
Lysine Column buffered—pH 7.0 0-3 , 120 3400
Lysine Na-resin Ca-100 very low
Arginine Column buffered—pH 7.0 0-2 180 : 4248
Arginine Na-resin 30 — —
Leucine pH 4.70 buffer _ 100 nil nil
Glutamic Acid pH 4.70 buffer 100 nil nil

TABLE 6
Recovery of Miscellaneous Substances with AMBERLITE IRC-50
Form of Lteakage Capacity

Substance Recovered AMBERLITE IRC-50 Solvent Percent mg/mi g/
Quinine sulfate Na H20 2 1.320 37.400
Nicotine Na H20 100 — —
Nicotine H H20 02 385 10.950
Thiamine hydrochloride Na H20 5-8 53.5 1.510
Thiamine hydrochioride Na C2HsOH 25 — —
Adenine sulfate Na H20 100 — —
Adenine H H20 100 — —
Pyridine H H20 0 14 396
Hydrazine H HO 0-2 51.2 1,450
Ammonia H HO 0 78 2.210

H C2HsOH 0 13 369

Sodium hydroxide
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droxide ion of the “free base”, as in neutrali-
zation. For very weak bases (pKB > 40).
adsorption will be negligible with either the
salt or acid form of Amberlite IRC-50.

Another significant feature of the Amberlite
IRC-50 is the exchanger's reactivity in organic
solvents. From the data reported in Table Vi,
it can be seen that both organic and inor-
ganic ions are adsorbed by the resin from al-
cohol solutions. The ability of Amberiite IRC-50
to swell in such solvents as water, ethanol,
dioxane. ethylene glycol, acetone, and iso-
propanol indicates the exchanger may ex-
hibit oppreciable capacity in all of these
solvents.

Suggested uses for Amberiite IRC-50: The
foregoing discussion describes the varied uses
for this carboxylic-acid type cation exchan-
ger. Amberlite IRC-50 has been shown to
effect considerable improvement in certain
exchange reactions previously accomplished
with sulfonate resins, but this resin is designed
to supplement the available cation exchan-
gers such as Amberiite IR-4120.

Amberlite IRC-50 deserves consideration in
the treatment of sugar solutions, amino acids,
enzymes, hormones, mik and milk by-prod-
ucts, alkaloids, viruses, antibiotics, citrus der-
vations, fermentation products, water sup-
plies and industrial wastes. The exchanger
should offer interesting possibilities in catalysis,
ore dressing, pharmaceutical compounding,
plant nutrition, and recovery of rare metals. in
every field of chemistry, Amberlite IRC-50
presents new opportunities for application of
ion exchange processes.

Food and Drug Uses

When employing Amberlite IRC-50 in the
processing or production of any food mater-
ial which is to be consumed by human beings

or animals, precautions must be taken to
avoid contamination which may result from
extractables, bacterial action orintroduction
of extraneous poisonous materials. For exam-
ple, low molecular weight acrylic polymers
may be present in fresh unconditioned resins
and they may be extracted by the process
stream unless removed by proper precondi-
tioning treatment.

In one successful preconditioning treatment,
the bed of Amberiite IRC-50 was subjectedto
at leost three cycles of exhaustion and
regeneration. The resin was exhausted witha
0.5 percent solution of sodium hydroxide.
Following each of the three preconditioning
exhaustion steps. the resin was regenerated
with five percent sulfuric acid at alevel of ten
pounds H2SO4/cubic foot of resin. Experience
has shown that this treatment reduces the
extractables to levels complying with F.D.A.
Food Additive Regulation #173.25 (Formerly
#121.1148).

When resins are in continuous use, no further
special treatment is necessary. When use is
intermittent, however, resins should be stored
under water in the regenerated form and in
the absence of materiais which would nourish
bacterial growth. When resins have been so
stored for extended periods of time, it may
be necessary that the conditioning proce-
dure described above be employed before
returning the Amberlite IRC-50 to service.

Since Amberlite IRC-50 has the capacity of
adsorbing and releasing metal cations, care
should be taken to avoid contacting the
resins at any time with poisonous metaliic
salts which might subsequently be released
to food or drug products. Also, regenerant
chemicals should be chosen so as not to
contain trace quantities of poisonous metal
salts.

AMpERLITE is o trodemark of Rohm and Haas Company, or of its subsidiaries or atfiliates. The Company’s policy is to
register its trademarks where products designated thereby are marketed by the Company, its subsidiaries or offiliates.
These suggestions and data are based on information we believe to be reliable. They are offered in good faith, but
without quorcmee, Qs conditions and methods of use of our products are beyond our control. We recommend that the
prospective user determine the suitability of our materials and suggestions before adopting them on a commercial scale.
Suggestions for uses of our products or the inclusion of descriptive material from patents and the citation of specific
patents in this publication should not be understood as recommending the use of our products in violgtion of ony
patent or as permission or license to use any patents of the Rohm and Hoas Company.
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ResinTech™ SIR-300

%+ Resivleah cATON SCHANCE Fean

~

TRE O \NOVATIONS IN ION EXCHANGE

615‘DEER ROAD ¢ CHERRY HILL, NJ 08034 ¢ (609) 354-1152 TELEX: 6503023149 ¢ FAX: (609) 354-6165

ResinTech SIR-300 is @ macroporous cation exchange resin based on the Iminodiacetate acid functional group
which has chelating properties for heavy metal ions even against high concentrations of Calcium; It is intended for
use in polishing heavy metal lons from near neutral industrial wastes and process streams, and recovery of
precious metals. ResinTech SIR-300 is supplied in the sodium form as moist, tough, uniform spherical beads.

FEATURES & BENEFITS

* ABLE TO CHELATE HEAVY METAL IONS EVEN AGAINST HIGH CALCIUM CONCENTRATIONS - This gives
high capacity for removing traces of heavy metals from waste waters that have been treated by conventional
hydroxide precipitation.

* ABLE TO CHELATE HEAVY METALS IN THE PRESENCE OF COMPLEXING AGENTS - Llke complexing
amines and carboxylic acids, including organic acids such as citric, tartaric, oxalic, and gluconic, phosphates etc.

* UNIFORM PARTICLE SIZE - 98% of all beads are in the minus 16 to plus 40 mesh range; giving a LOWER
PRESSURE DROP while maintaining the SUPERIOR KINETICS of standard mesh size products.

* SUPERIOR PHYSICAL STABILITY - 95% sphericity combined with a macroporous potymer structure, high crush
strengths and uniform particle size distribution gives ResinTech SIR-300 greater resistance to bead breakage and
osmotic shock. This results in longer resin life and lower pressure drop, especially in frequently regenerated
systems.

HYDRAULIC PROPERTIES | i.

PRESSURE DROP - The graph below shows the BACKWASH - After each cycle the resin bed should
expected pressure loss per foot of bed depth as a be backwashed at a rate that expands the bed 50 to
function of flow rate, at various water temperatures. 75 percent. This will remove any foreign matter and
reclassify the bed.
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TYPACAL PROPERTIES

|
Polymer Structure Macroporous Styrene with DVB
Functional Group R-CHy-N(COOH),
fonic Form, as shipped Sodium
Physical Form Tough, Spherical Beads
Screen Size Distribution 16-45 Nominal

| +18 mesh ( U.S. Std) Less than S Percent

-40megh * ° Lass than 2 Percent

-50mesh * ° Lass than 1 Percent
pH Range 15-14
Water Retention

~ Sodium Form $0 to 60 Percant
Solubility insoluble
Approximate Shipping Weight

" Sodium Form 45 Ibs. per cubic foot
Swelling H to Na" Form 40 Percent
Total Capscity >2.4 meq / mL Hydrogen form
Sphericity > 95 Percent
SUGGESTED OPERATING CONDITIONS
Maximum Temperature

Sait form 0 °C
Hydrogen torm 60 °C

Maximum Free Chiorine NONE
Minimum Bed Depth 35 inches
Backwash Rate S0 to 75 % Bed Expansion
Acid Regenerant Cone.” 4 - 10%
Regenerant Flow Rate 0.25t0 .Sgpm / #°
ch’onorant Contact Time At lsast 30 Minutes
Regenerant Level 8.7 (HQY), or 12.5 (13SO.) pounds
/%

Displacament Rinse Rate Same as Regenerant Fiow Rate
Displacernent Rinse Volume 10 16 20 Gallons / #1°

Fast Rinss Rate Same as Service Flow Rate
Fast Rinss Volume 3Sto 60 gal. /1

Caustic Neutralization Cone.” 4 - 10%

_ Castic Solution Fiow Rate  0.25 0 .5 gpm / 3
Caustic Contact Time At least 30 Minutes
Caustic Dose Leve 2.5t0 6.0 pounds / 1

Displacernent Rinse Rate Same as Regenerant Fiow Rate
Displacernent Rinse Volume 10 to 20 Gallons / 1t

Fast Rinss Rate Same as Service Fiow Rate
Fast Rinse Voiume 3St0 60 gal. /17
p 102 gpm /8

Sorrw- Flow Rate

“CAUTION: DO NOT MIX ION EXCHANGE RESINS WITH
STRONG OXMIDIZING AGENTS. Nitric acid and other strong
ox.l’ izing agents can cause explosive reactions when mixed
with organic materiais, such as lon exchange resins.

PP T I,

~— -~
OPERATING CAPACITY

The relative affinity of ResinTech SIR-300 for heavy metals in
near neutral solutions is in accordance with the following

ssquencs.
H*1>>Cu*2>V+25>>(U02)*25>Pb+25>Ni*2>2Zn*2>
Co*2>Cd*2>Fe*2>Be*2>Mn*2>Mg*2,
Ca*2>Sr*2>Ba*2>>Nat!

High concentrations of Chiorides or Sulfates, or the presence of

‘cheating or complexing agents can aiter this sequencs and

likewise will affect the operating capacity. ResinTech SIR-300
has similar chelating charecteristics to EDTA and NTA. Thereiore
it is etfective when these agents are present.

As the pH decreasas $o does the capacity. For each particular
metal ion, there is a critical or minimum pH below which
ResinTech SIR-300 cannot remove significant amounts of that
ion. These pH vaiues are as foliows.

Manganese 4.0
fron 3.0
Zinc, Cobalt 27
Nickel 25
Copper 1.5

SELECTIVITY SEQUENCE IN HIGH CHLORIDE SOLUTIONS

Cu*2>Ni*2>Co*2>2n*25Cd* 25 Fe*2

SELECTIVITY SEQUENCE IN HIGH SULFATE SOLUTIONS

Cut2oNI*25Cd*252Zn*25Cot 2> Fe*2

Applications Inciude Waste Treatment, Chemical Processing
and Resource Recovery - ResinTech SIR-300 can be used to
remove hsavy metal multivalent ions from a variety of industrial
stfluents like oil refineries, plating shops, mine drainage, battery
manufscturing, cooling towers etc. Consult your ResinTech
technical representative for recommendations for specific
applications.

RESINTECH is a trademark of RESINTECH INC.

These suggestions and data are basad on information we belisve
to be reliable. They are offered in good taith. However we do not
make any guarantee Of warrantee. We caution against using
these products in an unsafe manner or in viclation of any patents;
further we assume no liability for the consequences of any such
actions.
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Orgenic Chemicais

Product Information

Lewatit TP 207

Product Inforamstion 3;0

Lewatit TP 207 is » weskly acigic, macroporous c¢ation exchange rasin
with chelsting iminodiscetate groups for the selective extraction of
heavy metal cations from weakly acidic to weakly basic solutions.
Divalent cations are removed from nevtralized waters in the fol-

lowing order:
copper > vansdium (V0) > ursnium (UQ,) > lead > nicksl > 2inc > cedmium >
iron (divalent) > beryllium > manganése > calcium > msgnesium > strontium >
barivm > socium.

Lswatit TP 207 is of standerd dead size distribution. Its good che-
mical and mechanicsl stability make it spacislly sviteble for use in

the following spplicstions:

- selective removal of hesavy metals trsces from effluents after
their normal precipitstion by hydroxides, even in the presencs of
high celcium contents

- recovery of precious metals from elsctroplating rinse waters

- congcentretion and extrsction of heavy metals from hydromezallur-
gica) solutions :

- recovary of precious metals from pickling bsths.

The selective sxtraction is achieved even in the presence of the

following complexing agents:

- nitrogen compounds, e.g. sammonias. aliphetic, amd sromatic amines

- multivelent carboxylic scids, s.g. citric scid, gluconic acid,
glvcuronic scid, oxalic acid, tartsric scid

- Phosphates, e.g. tetrasodium diphosphate, sodium polyphosphete.

Lewatit TP 207 does not remove heavy metals from solutions contain-
ing EQTQ or NTA respectively. Only cadmium is removed from solutions
contesining cysnides.

For the extrgction of those hesvy metals which follow the uranyl
oxide ion in the selectivity.sequencs as shown sbove, Lewstit TP 207
hss to be conditioned with cesustic sods solution sfter every rags-
nerstion Cycle/before avery sxhaustion tycle. After the condition-
ing it is partislly in 2 salt-form, e.g. mono-sodium~-form.

Before commissioning & Lewatit TP 207 uynit. see Technj
Information OC/I 20343¢ for ladorastory tnsés. our Techniexl
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f ~ Gensrsl Description Lewstit TP 207 310
lonic form, as celivered Na°
) Functional group iminodiacetic acd
Marix crosslinked polystyrene
Structure macroporous
Appearance beige, Odague
Physical and Chemical Propertias
Bead stze® (U.S. Stanoard) min, S0X mesh 16 - 40
Effective si20° fn 0.55 (2 0.0%5) J
Uniformity coefficient® max. 1.7 i
Bulk weight (= 5 X) 1bs/ft? 50
Density : approx. g/ml 1,18
watar retention 3 wt. 80 - 85
Tota) capacity® (k°-form) min. eq/L ' 2.4
volume change Na® -==) W° approx. % =30
temperature range , 'F -4 up to 176
Stability
pH range 0 - 14
of the product min. years 2
Storadility -
temperaturs range F -4 yp to 104
Recommanded Opersting Conditions®*
Opsrating temperature max. 'F 176
Operating pH range 1.5~ 9
8ed depth min, ft 3.3
Pressure drop (55 °F) par gom/ft? approx. psi/ft 0.12
Pressurs droo max. psi k]
Flow veloeity service : gom/fEd 16
, backwash{68 °F) approx,gpm/ft? 4
Regenarant type HCY H2804
Co-Current level approx. 1bs/ft? 8.7 12.5
concentration 4 - 10 § = 18
Flow velocity regsnerstion approx. gom/rtd 2
rinsing min. gpm/fté 2
Conditioning with NaOM
Co-turrent level(form as shioped) 1bs/ft? |Mono-Na: 2.5-3 Di-Na: 5-6
concantration X . 4
Flow valocity regeneration approx. sgpm/ft? 2
rinsing min. gpm/ft? 2
Rinse water reguirement aporox. gal/ft? resin 317
Bed expansion  per gom/ftd (68 'F)  approx. % 10 i
Freedoard (as % of resin voluma) approx. 80

Miles Inc.
Organic Products Division ¢ Organic Chemicals s Mobay Road » Pittsburgh, PA 15205-8741 * Phone: 412 777-2000

The conditions of your use and application of our products, technical assistance and information (whether verbal, writien or by way of production evaluations),
including any suggestad formulations and recommendsations. are beyond our control, Therefore. [t is imperative that you test our Products, chrica! assistance
and information 10 determine to your own satisfaction wnether they are suitable for your intended uses and applications, This applicetion-specific analysia
&t lesst Must include 1esting 10 aatermine sultability from a technical ss weil as hewitn, safety, and snvironmental standpoint. Such testing has not necessarlly
been done by Mlles. All informstion is given without warranty or guarantes. It is sxpressly undersicod and agreed that customer assumes and hereby
exprussiy reioases Miles from all liability, in tort, contract or ctherwise, incurrad in connection with the use of cur products, Wachnical assistance and information,
Any sisiement or recommendstion not contained herein is ynauthorized and shall not bind Miles. Nothing herein shall be construed as s recommendation
10 use any product in conflict with paiems covering any material or s use. No license is implied or in fact granted under the claims of any patem,
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DURASIL®

'|i5"'""‘ DURATEK

TECHNICAL BULLETIN

230 lon Exchange Media

DURASIL® 230 media is an inorganic oxide based cation

Descr P fion exchanger with a high specificity for radioactive cesium (Cs)
.and a low specificity for such nonradioactive species as sodium
(Na) and lithium (Li). ,

Application DURASIL® 230 media was designed to selectively remove Cs
radioisotopes from radwaste streams, and has been used at
commercial nuclear power plants and DOE sites. It is
sluiceable, bridges retention screens, and can be used in
systems designed for organic resins.

Characteristics | DURASIL® 230 media has the following characteristics:

* High capacity for Cs

* Excellent mechanical stability

* Invulnerable to attack by oxidants such as chromates
and nitrates

* Non-flammable

* Does not shrink or swell

* Resists oil fouling

« Virtually immune to radiation damage and biological
decay

* No effect on pH of waste stream

» Low pressure drop
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Properties

Operating
Performance

Average Cs Influent Activity
O 1.9E-03 uCimi

Average Cs Effluent Activity
a 7.7€-06 uCi/mi

Average
Decontamination Factor = 247

GTS DURATEK, INC.
8955 Guilford Road
Suite 200

Columbia, MD 21046
(410) 312-5100

(301) 621-8211 (FAX)

Base Material Inorganic Oxide
Bulk Density (dry) 40 lbs/cu.ft. (0.65 g/mi)
Maximum Swelling (%) 0
Particle Size 20-50 mesh (840u-290u)
lon Exchange Mechanism Sodium Exchange
Functional Group : Acidic
lonic Form Shipped Sodium
Exchange Capacity 2.0 meg/ml (3.1 meq/Q)
pH Range ' : 3-10
Operating Temperature 32-140°F (0-60° C)
Storage Temperature 32-140°F (0-60° C)
Shipped Wet

The selectivity of DURASIL® 230 media resuits in high media
capacity and large DFs for Cs. The graph below shows actual
operating performance of DURASIL® 230 media in the
treatment of a radioactive wastewater stream. The total volume
radwaste processed was 2,120,100 gallons with an average
conductivity of 163 umho/cm. Other chemistry data is
presented below.

Actual Plant Data
Total Cesium Removal by Durasii 230
1M!
100024
3 . 'p‘-‘y.-—
1 -’ ° * o o= Al
1.00-03 4 o, b, o e ¢ °
] R Hepan LT
%ubug S LI
g“u“; - - .:‘ - - ..‘: !3.,\.r
S S T LS S A
1.o.m; 4 AN P sy TS oAt

1.0008 —_— : -
10,000 20,000 30.000 40.000 50,000 80,000 70.000 80,000 0,000 100.000
Theoughput (VM)

GTS Duratek, Inc. reserves the right to alter characteristics of the
Durasil® and Dura C™ media. This technical bulletin is subject to
revision without notice.

DURASIL® is a registered trademark of GTS Duratek, Inc.
DURA C™ is a trademark of GTS Duratek, Inc.
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PRODUCTINFORMATION gg&¥

\

MOLsiv e

® ADSORBENTS
© prochat of UOD
Description Typical Properties
UOP IE-95 Ion Exchanger is an alkali metal Partical Size Mesh (20x 50)
alumino silicate primarily of the chabazite structure gorl: gepcngngs 37x4.2Aand26 A
type supplied in the mixed ionic ulk Density ,
As shipped 40 Ibs/cu-fi.
(Na+, Mg++, Ca++) form. 640 kg/en.mm.
Chemical Formula Hydrated, packed ‘;23’;;,";_“,;,.
(Na,0, MgO, Ca0) « Al,0, 4-6 Si0,*H,0 BS&D Density (hydratcd) 38 lbs/cu.m.
A 610 kg/cu.m.
) i H,0 Content
Shipping Information o sh;; pod I
IE-95 Ion Exchanger is available in 20X50 mcsh Hydrated R-17w.%
form. Samples may be obtained on request. Ion Exchange Capacity 20-2.5meq/lgm .
(anhydrous)

Regeneration

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

Additional Information

Typical Application Aress

UOP 1E-95 lon Exchanger products have been
found to be effective for recovery and storage of
radio-nuclides and for cation cxchange from acid

solutions.

Bullctins discussing additional applications of UOP.Molecular Sieves arc available. Call or write your nearest
UOP Molecular Sieve Sales Office.

Sales Offices

uUoP

Molecular Sieva Adsorbents
25 F.. Algonquin Road

Das Plaines, 1L 80017-5017
(708) 391-2000

FASTFRN REGION
Moleccular Sieve Adsorbents
307 Fallowship Drivo

Suite 207

Mt Laurcl. NJ 03054

MIDWESTERN RECION
Molocular Sieve Adsorbenta

10 South Riverside Plaza, Sufte 2200
Chicage, 1. 60606-3852

(312) 454-2230

Molecular Sieve Adsorbents
25111 Country Club Biwd.
Suite 285

N. Olmsted, OH 44070
(216) 734.0086

SOUTHWESTERN REGION
Molecular Sleve Adsorhents
13105 Northwes! Freeway
Sufte 600

Houston, TX 77040

(713) 744-2840

PACIFIC REGION .
Molecular Sieve Adsorbents
12399 Lew-is Street, Suite 201
Garden Growe, CA 92640
(734) 750-1551

CANADA

UOP Csnads, Inc.

Suite 1860, 444-5th Ave, S W,
Calgary. Alberta T2P 2TR, Canada
(403) 294.1757

B.28

UOP Canads, Inc.
120 Edintun Ave. Fast
Suite 304 . .
Toronta, Ontarla, M4P JE2, Canada
(416) 4RR.47S82

EUVROPE
UOPM.S. 5.p.A.
Via Durini 27
0122 Milana, ltaly
39-2-7T8004773

vor

Molccular Sieve Advorbents

P.O. Box 9248. 1. 25

Dubai International Trade Centro
Dubui, United Arab Fmirates
(971-4) 313.84)

FAR EAST

UOP X.X.

Singapere Representative Office
Molccular Sieve Adsorbents

101 Thomson Rnad

11-05 United Square

Singapore 1130

(6S) 283.1852

UNJON SHOWA K.X.
Molecular Sieve Adsorbents
Sanwa Building

27-17 Hamamatsu-cho, 1 Chome
Minato-ku, Tokyu 10S. Japan
(81) 3-3432-7553
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~Property

gulk Density
Particle Size.

Ion Exchange Capacity
Pofe Openings

H,0 Content

Chemical Formula

Typical Properties
IONSIV IE-96

Iypical Valye

55 LBS/FT3

20 X 50 Mesh

2.0-2.5 meg/gm
(anhydrous)

3.7 X 4.2 A and 2.6 A

10=-15 wt}

(Na,0, MgO, Ca0)e Al,0,* 4-6 Si0, ® H,0
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