
PNNL-11121 
UC-810 

Project Technical Information 

Assessment of Commercially Available 
Ion Exchange Materials for Cesium 
Removal from Highly Alkaline Wastes 

K. P. Brooks 
A. Y. Kim 
D. E. Kurath 

April 1996 

Prepared for 
the U.S. Department of Energy 
under Contract DE-AC06-76RLO 1830 

Pacific Northwest National Laboratory 
Richland, Washington 99352 



PNNL-11121 
UC-810 

Project Technical Information 

Assessment of Commercially Available 
Ion Exchange Materials for Cesium 
Removal from Highly Alkaline Wastes 

KP Brooks 
AY Kim 
DE Kurath 

April 1996 

Prepared for 
the U.S. Department of Energy 
under Contract DE-AC06-76RLO 1830 

Pacific Northwest National Laboratory 
Richland, Washington 99352 

Reprint of historical document TWRSPP-944%. dated September 1994. Data, formatting, and other convenliom reflect standards at the original date of printing. Technical peer reviews 
and editorial revlews may mt have been performed. 



This report was prepared a s  an account of work sponsored by an agency of the 
United States Government. h'either the United States Government nor any agency 
thereof, nor Battelle h4emorial Institute, nor any of their employees, makes any 
warranty, express or implied, or assumes any legal liability orresponsibilityfor the 
accuracy, completeness, or.usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned 
rights. Reference herein to any specific commercial product, process, or service by 
trade name, trademark, manufacturer, or othenvise daes not necessarily constitute 
or imply its endorsement, recommendation, or favoring by the United States 
Government or any agency thereof, or Battelle Memorial Institute. The views and 
opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 

PACIFIC NORTHWEST NATIONAL LABORATORY 
operated by 
BATrELLE 

for the 
UNITED STATES DEPARTMENT OF  ENERGY 

under Contract DE-AC06-76RLO 7 83C 

Printed in the United States of America 

Available to DOE and DOE contractors from the 
O%ce o i  )rcipnlitir and Techniral Inlnrma!ion P.O. Box 6 2 ,  Oak Ridae, Th' 37831; 

pricgavailable from (615) 576-8401. 

Available to the public from the National Technical Information Service, 
U.S. Department of Commerce, 5285 Pod Royal Rd., Springfield, VA 22161 

@ The document was printed on recycle3 paper. 



SUMMARY 

Ion exchange is the leading candidate process for radioactive cesium removal from 

Hanford's alkaline supernates and dissolved salt cakes. Duolitem CS-100 has been chosen as 

the baseline material for cesium ion exchange in the Initial Pretreatment Module (PM) 

conceptual 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 S 1. List of Ion Exchange Materials Studied 

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- 

Organic Resins 

Duolitem CS-100 

Resorcinol Fonnaldehyde 

~ u o l i t e ~  C-3 

~ e w a t i t ~  TP-207 

iii 

Organic Resins 

Amberlitem IRC-718 

Amberlitem IRC-50 

hnberlitem DP-1 

ResinTech SIR300 

Inorganic Zeolites 

Durasil' 2 10 

Durasil' 230 

lonsivm IE-95 

lonsivm IE-96 



100. A summary of how these materials compare in tenns 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. ~ u o l i t e ~  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 "itrified as high level waste. Studies have shown that 

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

TABLE S2. $ummary of Exchanger Properties Relative to CS-100 

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. 

. 

fi0~ertY 

Distribution 
Coefficient 

Mass Transfer 
Rate 

Elutability 

Chemical 
Stability 

Radiation 
Stability 

C-3 

average 

- 

low 

- 

average 

CS-100 

average 

high 

high 

average 

average 

Zeolites 

average 

average 

very low 

low 

very high 

R-F 

very high 

high 

average 

below average 

below average 



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 solutions of sodium salts. 

Radioactive cesium (13'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. Ion exchange has 

been a leading candidate for this separation. Ion 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 ~ u o l i t e ~ ~  CS-100 has been selected as the 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 approach. During N 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 



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 W A S )  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 

W A S  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 

S~ecies. Total 

Na 
K 
Rb 
Cs 
A1 
SO4 
OH (Total) 
OH (Free) 
CO, . 
NO2 

NCAW. M W A S .  M 



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 

coefficient, (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. 



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. Ln 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 HN03 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, Ionsiv 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). 

1 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. 



TABLE 2.1. Exchangers Suggested by Manufacturers 

ION EXCHANGER PROPERTIES AND HISTORY 

Resin Manufacture 

Rohm and Haas 

Resin Tech 

Miles 

UOP 

GTS Duratek 

V ydac 

Pharmacia 

Purolite 

Sybron 

Dow Chemical 

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 90d  and Duolite ARC-35g3 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: CBVlOA-X16 and CP461. 

Name of Contact 

Lloyd Brown 

Douglas Kellogg 

Italious Chiari 

Dennis Fennelly 

Regina Mowad 

Yanbo Yang 

Randy Lowe 

Jim DeBenedictis 

Dave Dally 

Phyllis Ferris 

Suggested Resins 

Amberlite IRC-718 (U) 
Amberlite DP-1 (U) 

Amberlite IRC-76 (U) 

RT-3972 (U) 

Lewatit TP-207 (U) 

Ionsiv IE-95 (K) 
Ionsiv IE-96 (K) 

Durasil 190 (K) 
Durasil 230 (K) 

Nothing selective for Cs 

Nothing selective for Cs 

Nothing selective for Cs 

Nothing as selective as CS-100 

Nothing as selective as CS-100 
L 



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 13'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. 





The resorcinol formaldehyde resin was first developed by Savannah River Laboratory in 

the early 1980s. It has been produced on a semicommercial 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.5 

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 from highly alkaline wastes. It was also considered for 

use in the more recent B-plant operations. 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 pCi/mL of cesium. 

5 Information is based on a discussion with John Birmingham, president of Boulder 
Scientific Company. 



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 developed. 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 DISTRlBUTION 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 stream 

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 & 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 ihe liquid. The & is generally determined with batch contacts between 

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

where Ci 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. 



The distribution coefficients for the exchangers are presented for DSSF, NCAW, and 

W A S  simulant in Table 3.1. Based on the results of the table, only R-F resin consistently has 

a higher Kd 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 W A S .  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 

umcceptable behavior. 



TABLE 3.1. Batch Distribution Coefficients for Resins Studied 

1. Initial (cs+] = 5xl0~.(Na*] = 5 .0 , s  received resin. ambient temperature. Kd values obtained 
after only 6 hours of contact. The slower sorbing exchangers may not have reached equilibrium. 

2. Initial [cs+] = 2.4x104,[Na+] = 1.8.a~ received resin, irradiated to 107rads. Slightly different 
NCAW simulant recipe than shown in Table 1.1. 

3. Initial [cs+] = 7.37x10'.[Naf] = 1.94,s received resin. Slightly different NCAW simulant recipe 
than shown in Table 1.1. 

4. Final [cs+] = 5xlo4, [Na+] = 5.0, dried at 85C, experimental run at 25C. 

5. Initial [cs+] = 7x10".[NaC] = 7.0,as received resin. ambient temperature. Kd values obtained 
after only 6 hours of contact. The slower sorbing exchangers may not have reached equilibrium. 

6.  Find [Cs+] = 7x10-~, [Na+] = 7.0,dried at 85C. experiment nin at 25C. 

7. Initial [cs+] = 7.4x10".[Naf ] = 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 Kd 
values of 34. 



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: 

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 



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 the 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 nlass transfer resistance) can 

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

where kpa 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): 

where pb 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. 



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 units for CS-100. R-F resin 

has very slow kinetic., especially in the case of DSSF, but because of its high &, it has a 

reasonable number of transfer units. Both the zeolites have similar difi ivit ies 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 ~ i f i i v i t i k s  and Number of Transfer Units from Batch Tests 

11 I NCAW I DSSF 11 

'Assuming 3 cvthr flow rate. 

Exchanger 

CS-100 

R-F 

TIE-96 

Durasil 230 

Using the mass transfer coefficients from analysis of column run data, Kurath et a1 

(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 difiivities 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 d i f i iv i ty  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. 

Based on data from Marsh 1994b 

D 
(cm2/min) 

7x10" 

lx10-~ 

6x 1 o - ~  
- 

N 

93 

40 

2 1 

- 

D 
(cm2/min) 

7x10" 

4x 1 o - ~  
1x10" 

1 .5x104 

N 

48 

9.3 

9.2 

13 



TABLE 3.3. Panicle-Phase Diffusivities and Number of Transfer Units from Column Tests 

3.3 EXCHANGER ELUTABILITY 

Exchanger 

CS- 100 

R-F 

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 

Based on cata from Kurath 1994 
*hsuming 3 cvhr flow rate. 

the case of organic exchangers, the cesium is most often eluted from the column using an acidic 

NCAW 

solution. A resin which cannot be eluted effectively may require an unrealistic quantity of 

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

DSSF 

D 
(cm2/min) 

1x10" 

2~ 10“ 

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 

D 
(cm2/min) 

lxlo" 

4x 1 o - ~  

N 

12 

39 

constant quantity of the eluant for four hours. The percent eluted' from an average of three 

N 

4.8 

5.8 

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 

Percent Eluted 

CS-100 100.1+3 

27.5 + 0.3 

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/Co of 

R-F 89 + 4  
Data taken from Prignano (1989a) 



less W 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/Co 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 operation 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 

increase 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 10hJ 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 



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-100 decreased 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 > 10' rads. Above these dose levels, the resin distribution 

coefficient quickly becomes unacceptable. By lo8 rads accumulated 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 lo8 rads). It should be noted that even after the significant decrease due to a 

radiation exposure of lo8 rads, R-F still has a higher Kd than CS-100. 



- R-F (1 994) - R-F (1 987) - CS-100 

Dose (Rads) 

FIGURE 3.1. Cesium Batch Kd for CS-100 and R-F as a Function 
of Gamma Dose. Kd Taken with NCAW for CS-100 and a 6M 
Na+, 1.5M OH, 2 x 1 0 ~ ~  Cs Solution for R-F Runs. 



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 Kd values as high as CS-100, but appear to be 

unstable in the highly alkaline solutions which comprise most of Hanford's supernates 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 should 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 Rohrn 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) 3 12-5100. 

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) 535494.  

ResinTech, Inc., Cherry Hill, NJ, (609) 354-1 152. 

Vydac, The Separations Group, Inc., Hesperia, CA, (6 19) 244-6 107. 

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

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

Sybron Chemicals, Birmingham, NJ, (609) 893-1 100. 

Dow Chemical Company, Midland, MI, (5 17) 636-1000. 
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~uolite CS-100 

. * 
' (9) Diamond Shamrock Weak Acld Callon Exchange Rcr ln 

Technical Sheet 
1927 

Product Description 
Ouolltr CS-100 is a granular weak-acid catlon exchange ru i n  containing both carboxylic acid and phenolic 
hydroxyl groups. Because of its unusually high selectivity for cesium and multivalent cations. this resin is 
particularly effective lor the treatment of alkaline low level radioac:ive waste solutions. This high degree of 
selectivity may suggest other uses for this unique resin. 

Q 
Ouolitr CS-100 has a rlgid macroporous structure which is unusually resistant to attrition. Because i t  swells 
much less than most weak-acid cation exchangers. very little resin breakdown is encountered in acid-base 
cycllng. P ~ a n ~ g ~ J u o l i t e  CS-iOO is easily 
and complrtely converted to the hydrogen form with llttle more than stoichiometric quantities of mineral 
rclds, - 
,Table 1. 
Physlcal and Chemical Characterlst la of DuolIte CS-100 .. .. 
Resln matrix ' * .  . Phenoblormaldehyde condensa!e ' 

~ u n c t i o k l  grdLps ~arboxylic and phenolic 
Ionic bnn. as shipped Hydrogen (other forms on request) 

. Phy$cai foqn Porous granules .... 
~a r t i c i ;  sbe (moist) : 

* 
'0.3- 1.3 mm. (16-30 mesh. U.S. standard'sieves) 

Bulk density, H form ; 600-700 grams (moist)/liter B.S.bD. . 
L. -. %. (38-45 Ibdcu. It.) 

Molsturc retrnifG.n' &pacity 4&58?C (H form) . . 

Void Volume - :' ' 4096 (0.4 1/1 or 3 gallcu. I t )  
Maximum ~ ~ n l b l e  swelling, H to Na fnrm 20-25% (e.9.. 1.0-1.23) 
Total ion-'exchange capacity. Minimum 1.0 eq/l (22 Kgr/cu. :t. as CaCO,)' 
Operatlnq pH range 6-11 
Suggusted temperature limltatlon Up to 80eC (about 17SeF) . . 

, Chrrniul stablnty: ' 

~esis&n'&+o most i c i d j  -. . -#. . excellent 
r:: '.. 

" ' Resistance-taalkallas . good 
.Z'., Maximum chiorin8 cpncmuation , , _ ' . 0.1 ppm . . .  

Maximum HNO, concentration . 1.0 M (at 2SeC1 . . . . . . . . . ,  ,. . 
LOW-ieue~.~adioaciive'white %atmen t 

*A. 2.0.-  f 
%'bns;nca o P t h  ohenolk hydroxyi DM incieases me se1ec:ivity of  this resin for cesium bv a factor of i 0  
! p m h l s  vary weakly acidlc group b activated at pH values above 9. For this reason. Ouolite CS-100 has 
bean particularty useful in the selectbe rem&ii of 0-137  (and Sr-90) from alkaline low-level radioactive 
wastes. This proceu. dwdoped originally at the Oak ilidge National Laboratory (1). consists of precipitation 
4 t h  alkafl to ramove sljspended solids and hardness. sludge removal. :hen filtration through a Column of . 
Duollte CS-100 to remove residual radionuclldes. The resin is eIlec:ively regenerated with dilute solutlonS of 
nitric,'hydrocnloric or sulfuric acids. Based on the published reports. :his scavenging-precipitation ion- 
sxcnangr process removes more than 99.9% of the cestum and strontium to levels well below tne maximum 

. . .  pemissible concentratlon (MPC) of these radionuclldes. 

11) OANL.3036. OANL-TM-S. ORNL-1322. ORNL.33~9. ORNL-3863. 

- B.1 - 
Duolife In1ernallona~. Inc. 1983 
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he decontamination factors lor cesium and strontium with Duolite CS-100 have been in the range o l  1 8  to 
' -,V. Capacity is influenced by the presence of other multivalent catlons since they Compete for the 5xchange 

sites. Thus the overall performance o l  the abave system depends considerably on the efficiency o l  :he 
~locculalion and filtration. Any hardness ions present will reduce the ion-exchange capacity lor cesium and 
strontium. Il this problem occurs. residual hardness can be removed by using a column o l  Ouollte C464 prior 
to lhe Ouolite CS-100. Ouolite C464 in the primary position will selectively remove the divalent cations . 
(including strontium): Ouolite CS-100 will then selectively remove ccsium.~Both resins are effectively 
regenerated (In series) with dilute HNO, or HCI. Some operating conditions for low level waste treatment with 
Ouolite CS-100 are given in Table 2. 

Table 2. 
Operating Condit ions for Duolite CS-100 in !he Treatment of  L o w  Level Radkac!ive Waste 

aed depth: Minimum 90 cm (36 inches) - . .  
Height to depth ratio: 2 1  to 10:1 

Service flow rate: '12 to 20 l i t e ~ i t e r / h r  (15 to 25  gpm/cu. It.) . 

112  to 120  Solution pH: . .  
1540 to 6000 bed volumes Volume throughput 

(1 1.000 to 45.000 gaWcu. It) 
Regeneration: 0 3  N hNO,. 10 to 15 bed vo1;mes . . -. 

(Dilute HCI and HSO, have also been used) 
Rlnse: One bed volllme soft water 
Conversion to sodlum form: 20 bed volumes 01 0.1 N NaOH 

Adsarption of organic Compounds 
The unique propenier o l  Duollte CS-100 suggest ib use in the isolation or chromatographic separation o i  
organic compounds such as the basic amino acids (arginine. histidine and lysine). alkaloids (nicotine and 
quinine), vitamins (thiamine. nicotinamide. adenine. lolic acid and BIZ) a d  erzymes. These substances can 
be adsorbed by either the hydrogen or sodlum l o r n  o l  the resin and are eluted by near stoichiometric 
amounts o l  dllute acid (or alkali]. In general. the hydrogen form is suggested lor adrorptlon o l  compounds in 
the free-base form whereas the sodlum form is mare elfectlve in Vie adsorption o l  acidic salts. 

In an interesting application'(2). coenzyme A was adsohed by Ouolite CS-100 from an acidic rolutlon. the 
impurities stripped olf with 0.2 N HCI. and the coenryme eluted off with water. 



Duollte lnternatlonal SA, a Unlt of Rohm and Haas Company 

PRODUCT OIOCRIPTION 
OUOLITE C 3 la a hlghly porous strongly acl- than benzene sulphonlc. Thls ha8 a favourable 
dlc cstlon exchange rmln based on crosrlln- Influence on the ngeneratlon efflclency, the 
ked phenol-formaldehyde polycondenmte, In selectlvlty and the adaorptivlty. The hlghly 
granular form. The conflguratlon of thl8 rerln poroua matrlx of OUOLITE C 3 comblned with 
dlffsn dgnlflcantly from that of a olyatyrens It8 aorptlve properties maker It partlcularly P catlon exchanger: the funotlona groups of uaeful where a tomblnatlon of cation ex- 
Ouol l t~ C 3 a n  methylone rulphonlc rather change and adaorptlon I8 neceata~. 

PROPERTltS 
Realn matrlx 

Functlonal group8 
Appearance 
Specific grrvlty 
Bulk denalty 
Partlcle ,126 
lonlc form 88 rhlppod 
Molatun ntentlon capaclty 
Total exchange capaclty 

Pnwun drop per metre of bed 
depth 
Hydraulic expanalon 

Croaallnked phenol-formaldehyde 
polycondensate 
Methylene sulphonlc 
Dark red granuks (wet) 
1.24 (H form) 
700 to 770 g/lltn (fully hydrated) 
0.3 to 1.4 mm (fully hydrated) 
Hydrogen 
45 to 66 % (fully hydrated H form) 
1.0 eq/lltro (wet) 
2.8 W k a  (dw) 
Approx. 3 W (from sodlum to hydrogen 
form) 
Approx. 2 kPa per m/h linear flow 
rate (water, 20%) 
Approx. 60 % at 16 m/h (water, 20°C) 

U 3 1  5 U U H  QNU YHOU YOUd 



w r r b a r n  I bun9 

a The prlnclpei uaes of DUOLITE C 3 are In the 
nuclear. starch hydrolysrtes and pharrnaceuw 
tlcal Industries. 
Nuatear Powor blrtJon8: 
Caeslum removal. 
8lamh Hydrolyutes Industrles: 
Taste and odour removal, rellnlng, HMF 
removal. 
Pharmaceutical Indurtrlw: 
Chromatographic separation of amino acld3 
and alkaloids. 

Food Procetrlng Appllcatlont: 
DUOLITE C 3 eornplles compoaltlonrlly wlth 
the US regulation FDA 21 CFR 173.25. As 
governmental regulatlona vary from country 
to country, It I8 ncommended that potential 
users of realns for food proceasing appllca- 
tlons contact thelr Ouollle representative to 
asaess the beat choice of resin and optimum 
operating condltlona. 

8UQOESTtO OPLRAllNa CONDITIONS 
pH range 0 to 13 
Temperature ilmltation: mrx 60°C 
Minimum bed depth: 700 mm 
8ewlce flow rrto: 
a When treatlng high vlacoaity 
llquon or hlgh levela of Impurltlas: up to 8 BV/h 

Wlth low vlacoslty llquon or low 
level8 of Impurltlea: 8 to 24 0V/h 

Raganerrtlon: 
Regeneranta H, SO, HCI 
Regeneration level g/l ltn re8ln 50 to 100 40 to 80 
Concentration w/v 2 to 4% 2 t 0 8 %  
Flow rate 2 to 8 BV/h 
Mlnlmurn contact tlme 30 mlnutea 
Rlnw flow rate 16 8V/h (2 BV dlsplacoment at 

regeneratlon flow rate) 

1. In speclal cues, In order to nactlvate totally ture can produce undeslrabie effects on the 
the 8urtace ad8orption properties of DUOLITE Ilk tlme of the reeln. 
C 3, a ~(1r10dlc d j l ~ t e  caua1Ic rinse befon the 3. Volume drllvend 1s m ~ r u r e d  in the fully acid regeneratlon Ir recommended. hydrated form. after belna exhaurted with dl- 
2. Combination8 of factonauch a8 atrong oxl- lute NaOH aolutlon, rege~emted (age above), 
dlzing rgenta, hlgh pH and elevated tempera- backwaahed sxtensiveiy, settled and aralned. 

All 1n1ormr11m. ruommanaalboaa rna wgg.amna rg#r 
nng m lhta l l ~ r a ~ u t a  concotnhg lnb ru ol out voQuc1a r r  
Um UDQn IDbIa b M  QID M b W  10 D. laldblt ; Rowvw. 11 
Y tna uu1.a trwnalonltv m wom~tm (M WII~YIIIV IOI m a  
e-numot IruPlOlueIo d n c t b a  hw*n. S l n c a ~ ~ a c ~ ( ~ l u u  
4 otMn I1 U v m d  ourcontrol. w ubrbnc... aswnuO a 
I-. rr m u a  w ~ o n m  rnawtrr !omen). or ~u wwlqu. 
We ba to (H oHrctb 01 wen un a nr m d t a  (O D. oownao. 
net omm nonm and )UII IWM rnv I~OI~IIT a iaml o n  of 
u r n  w ocrun ol ma ecwut~a t m n r r  co fW18M. wa s cn 
Idotmrum nanm 10 rn eon~ruw u a b ~ u ~ d v  c o m p ~ ~ a  
Ynco aQdNLOrYl ncofmmor, m- br m.urr) or Q l r t a a  

HnLO~Ioon~ll l~erclrrrmlHncar arulot Ouauw 
d n o ~ h U l r  01 .OrYfmml m U U O M .  Ilom)n h m l m  

hG-n d procrr  ogrpmwc m ~ m n ~  tr& wurlauq eocrutwd race ) r c o n - a ~ r w ~ u r p k H t r o n o t ~ o m ~ ~ a r .  
01 mown Y n r c r l u n  I( urn 01 m DIIQIW #am wen ra Uon I@ Mnnm rsr  wwu 



7 Lewatit DN KR 
Produktinformationen 
&lfi3rmioer ~rrtiinenaustauscher nllt gmu'rcht uuren Gruppcn auf Basis e i n u  h ~ n d c n s a t i o ~ ~ f u u ~ e ~ ,  
per&liit und ausgewaschen entsprerhand den Spdlikalionon der Karntechnik, 

Elnrelnett-Flltem zur malokt'mn Ciitiumblndung ous 

Ldsungen mit groaen Men~en an AIWClnmn -. 
Dokonbminie~ng von 

. . .-) ! .. - 
bai Filbob'on~euchwindigkcitcn bh 40 m/h und Oetrlebslamperalut~ri Iris 50 .C. 

tlel der Awndung van k w ~ t ~  DN KR iot orb, das CAsivm an tine restwbsbnz zu binden u i d  bls rum tsllwlsctn . 
ADklingen der HadIoaklMlllt dchr 711 kgcm. Es ist daher im aUgemoinen ktinc Rcgcncrution des ~ushLiscnsn 
vorgesehun. 

Dle BestAndtgkeil Jes -tit ON KR nlmmt mil atei~sndsrn pH-WeR ab. Dies rdot aich rrn einer zunehrnenden 
Pcptisation. die bei pl I-Weften Qbcr 11 rw duutlichen Vedarbung des aufbereiteren Wassers fuhn. 

W k h l l ~ e  Produktdaten und Empfohlungcn rum B&eb von Lrwa!il ON I(R slnd auf dtr ROchsello dltsos Blanss. * 
zusammengeswlt ' 

Spcziflkdon 101 den Gnssk In Lrur~~trulr~lrchen Anlapen: 

Goholl an Chlorid und 
arganlsch gebundonero Ctrbr mmx. 300 mg/1 

Die Lrialung der Kn-liarze wird wtsentllch such w n  dsr Konsvuktlon der Ao~amturcn. der Verfahren,sfechnik : 
tlnd den ~nfordenrngdn an dac ouhereitete Warsor im Verh6ltnu zo den Zulaufwerten DeeiolluBt. 

,.I 

Bayer 
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AMBERLIE IRC-718 chelating cation exchange 
resin has a high affinity for heavy metal cations 
wer alkali or alkaline earth metals, s x h  assodium, 
potassium, calcium and magnesium. Selectivity 
is achieved by an iminodiacetic acid functionality 
chemically bonded to a macroreticular resin 
matrix. The functional group coordinates heavy 
metal ions with several active sites, binding the 
ions very tightty. 

The selective nature of AMBERLIE IRC-718 resin 
may dramatically decrease the cost of waste 
treatment. When small amounts of toxic metals 
are in solution with larger amounts of alkali or 
alkaline earth cations, AMBERLIE IRC-718 resin 
will prefer the Yoxic metals over the other 
cations. This allows removal of the undesirable 
metal contaminant without the need to com- 
pletely deionize the waste stream. Regenerant 
costs and, in some cases, capital costs can be 
reduced, since a smaller system can be used. 

The macroreticular structure of AMBERLITE IRC-718 
resin provides a number of advantages over 
traditional gel resins. tt is highty resistant to osmotic 
shock providing greater resin life than gel resins 
used under the same conditions. Due to the 
short ion diffusion path, the high porosity of 
AMBERLIE IRC-718 resin improves the kinetics of 
ion exchange. 

AMBERLm IRC-718 resin is ideal for use in non- 
aqueous media, such as chemical process 
streams, because of its macroreticular stnrcture. 
The resin is based on a very stable styrene-d~nyl 
benzene matrix. Typical physical properties are 
given in Table 1. 

Selectivity 
The apparent selectivrty of any ion exchange 
resin for a given metal depends upon concen- 
tration, the presence of ofher species, and pH. 
This makes absolute selectivities very difficult to 

. determine, especially for waste treatment appli- 
i' cations. Because of this, laboratory testing is essen- i\ j tial when a resin is required to remove one or 

more types of metal ions selectively. Selectivities 
hove been measured under various conditions 

to give starting points for choosing a resin for 
selective metal removal. 

TABLE 1 

Typical Physical Properties 
Fese do not constitute specifications) 

Appearance Hydrated, opaque beads 

Shipping Wight 42 lbs./ft3 (Na form] 

Screen Grading [wet) 16 to 50 mesh 
[U.S. Standard Screen] 

Moisture Content 62 to 68% [Na form] 

Swelling 40% H + Na 
- 

Cation Exchange Capacity 1.1 meq/ml wet resin 

1) pH = 2 
Metal Ion 



2) pH = 4 
Metal ion 

-. - - - 

3) pH = 9, very high ammonium background 
1200gfYNHd2SOd- 
Metal ion 

KM 
Ca 

Operating Capacity 
The total exchange capacrty of AMBERLITE IRC-718 
resin in the sodium form is 1.1 meg/ml wet resin. 
In normal use, however, the resin bed is usually 
not completely exhausted during operation, and 
economic considerations may dictate less than 
100 percent regeneration. Actual operating 
capacrty will be less than the total exchange 
capacity and should be determined by specific 
applications testing. 

Backwashing 
Many feed streams contain particulate matter 
which can clog an ion exchange bed. Back- 
washing is necessary at regular intemls to remove 
this material. When there are large amounts of 
suspended matter, backwashing may be nec- 
essary at each regeneration cycle. The back- 
wash should be at a sufficient rate to give at 
least 50 percent bed expansion. The proper 
flow rate can be fdund in Figures 3 and 4. 

Exhaustion Flow Rate 
Chelating ion exchange resins may have slightly 
poorer kinetic characteristics than conventional 
(strong electrolyte] ion exchangers. Flow rates, 

-- 

TABLE 2 
-- 

Suggested Operating Conditions for 
AMBERLITE IRC-718 

These data provide a guideline of relative 
selectivities; no table can provide selectivities 
under all conditions. Using these starting points, 
the affinrty of the resin for a given metal can 
be increased or decreased by adjushng pH. 

Operating Conditions 
AMBERLIE IRC-718 resin is widely used in waste 
treatment, chemical processing, and hydro- 
metallurgical applications where there is high 
variability in feed streams and competition from 
other species present in soluiion. Changes in 
pH, concentration, and background composi- 
tion (especially complexing ions such as EDt9) 
may change sorption characteristics. The sug- 
gested conditions listed in Table 2 should, there- 

PH 1.5 to 14.0 
[minimum pH depends on application] 

Maximum bmperature 190°F. (90°C) [No] 
160°F. 170°C) N 

Service Flow Rate 1.0 to 4.0 gprn1ft.J 
[8.0 to 32.0 BVIhr,) 

Regeneration 5 to 15% HCI or H$O4 
0.25 to 0.50 gpm/ft3 
(2.0 to 4.0 BV/hr.] 
6 to 12 Ibs. acid/fta3 

Neutralitahon 1 to 3% sodium hydroxide 
(if necessaw or ammonium hydroxide 

0.25 to 0.50 gpm/ft? 
(2.0 to 4.0 BV/hr.] 
2 to 4 lbs./ft3 

fore. be considered a starting point; laboratory Pressure Drop See Figures 1 and 2 - 
experiments should be done to determine lhe 

Hydraulic Expansion See Figures 3 and 4 L 
effeChveness of any ion exchange process for a During Backwash desired application. 



Figure iAMBERUlE IRC-718 
SODIUM FORM HMS-0.55 

. . 

Fbure PAMBERUE IRC-718 
HYDROGEN FORM HMS-024 

Flgure 3.mDRWUC EXPANSION OF THE 
SODIUM FORM OF AMBERUTE IRC-718 

therefore, may need to be somewhat slower Regeneration 
than would be typical for water treatment resins. 

, . Flow rates of 1.0 to 4.0 gpm1ft.j (8.0 to 32.0 BVlhr.] Because AMBmLm IRC-'I8 resin an e*emeb 
; ) should beacceptableforlesdemandingappli- high m n w  for metal me amount of acid 
=. cations but should be reduced when high flow required is higher than that required for con- 

rates prevent efficient removal of the hw ventional weakly acidic ion exchange reslns. A 
metal ions. regeneration level of 6 to 10 Ibs. ~C1~ft.j may be 



sufficient for metals with moderate selectrvity, 
but this should be increased slightly for tigh 9 held metals. Flow rates of 0.25 to 0.5 gpmlft. 
(2.0 to 4.0 BVIhr.] provide the best results. Acid 
concentrution should be 5 to 15 percent, with 
higher concentrations needed for more tightly 
bound species. 

Neutralization 
Because it is a weakty acidic chelating resin, 
AMBERLITE IRC-718 resin rnoy require neutraliza- 
tion after acid regeneration. The resin should be 
rinsed after acid regeneration with several bed 
volumes of water, then treated with 2 to 4 1bs.1ft.j 
of 1 to 3 percent sodium hydroxide or ammo- 
nium hydroxide. Neutralization rnoy 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 
AMBERUTE 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. AMBERLE IRC-718 resin 
effectively removes-hardness to less than 50 
ppbfrom brine that is fed to chlor-alkali electrol- 
ysis cells, alibough an aminophosphonic resin 
(such as DUOLITEQ C-467) should be used for 
maximum performance. 

rials. The high surface area and good selecmnh/ 
of AMBERLlTE IRC-718 resin, as well as its ability to 
remove metals over a wide pH range, make it a 
good choice for this applicution. 

Electtoplating Industry. The high selectiwly of 
AMBERLITE IRC-718 resin for heavy metals is use- 
ful in the removal and recovery of metal ions 
from plating baths and rinse waters'common to 
the plating industry. The macroreticular struc- 
ture of this resin ensures its stability in the aggres- 
sive solutions of plating boths. 

Recovery of Heavy Metals from Hydrometai- 
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 cutions that have been leached from 
ores by acids or bases. Elution of metalsfrom 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 
AMBERLE IRC-718. To obtain a copy contact 
your Rohm and Haas representdive. 

CAUTION: Acidic and basic regenerant solu- 
tions are corrosive and should be handled in a 
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 equipmentto prevent rapid buildup of pres- 
sure is necessary if use of an oxidizing agent 

Purificatlonof PmcessStreamsContaining Trace such as nitric acid is contemplated. Before using 
Heavy Metals. Objectionable levels of metals strong oxidizing agents in contact wtth ion 
rnoy be present in process streams due to their exchange resins, consult sources knowledge- 
use as catalysis and their presence in raw mate- able in the handling of these materials. 

AMBERLIE ondDWLlTE ore registwed frodemarkr of Rohm ondHoar Company, or of its subsidiaries or 
dliofes 7he Compcnvs pdpolicy b to register M lradenwrkr where products deu'~m&d Mereby ore 
nwtketed by Me C o m m ,  its subsidiaries or dlioies 
These sugg&ions and data are based on informotion we b e l i  to be reliable. They are offered in 
good faith. but without gwrantee. os condiins and methods of use of our products are beyond our 
control. \hB recommend that the proopective user determine the suitabiltty 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 
citaiwn of specific patents in this publicahon should not be understood os recommending the use of 
our products in violohon of any patent or as permission or license to use any patents of,the Rohm and 
Haos Company. 

April 1993 
B.10 

Printed in U.S.A. 



AMBERLITE" IRC- 76 
CATION EXCHANGE RESIN 

mberlite IRC-76 resin is a high capacity, weakly 
acidic, macroreticular cation exchange resin. tt 

has carboxylic acid functional exchange sites within 
a crosslinked acrylic matrix. Amberllte IRC-76 resin is 
supplied as white spherical particles in the hydrogen 
form. As a weakly acidic resin, Amberllte IRC-76 can 
split alkaline salts of multivalent cations such as 
calcium and magnesium, and also alkaline salts of 
sodium. Amberlite IRC-76 resin combines a very high 
capacity with lower swelling than is exhibited by 
conventional carboxylic resins. Amberlite 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 

Amberlite IRC-76 resin has an exchange capo- 
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. 
:?).- (;:;: j 

High Regeneration Efficiency 
Because it is a weakly acidic resin, Amberlite 

IRC-76 resin can be easily regenerated with slightly 

S E P A R A T I O N  
TECHNOLOGIES 

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 1. 

TABLE 1- - -. , 

TYPICAL PHYSICAL PROPERTIES OF 
AMBERUTE IRC-76 RESIN 

Moisture Content, % 
Bulk Density, Ib/ft= 
Spectfic Gravity 
Screen Grading (wet) 

% Swelling 
H+ to Ca+ form 
H+ to No+ form 

Total Exchange Capacity, 
meq/g (dry). 
meq/ml (wet) 

Weakly acidic, 
carboxylate cation 
exchanger 
54 to 58 
48l 
1.14 
16 to 50 mesh 
(U.S. Standard screen) 

15l (full conversion) 
601 (full conversion) 

%ohm and Hoos Company 1993 B . l l  
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SUGGESTED OPERATING CONDITIONS 

Service Cycle pH 
Maximum Temperature 
Minimum Bed Depth 
Backwash Flow Rate 
Service Flow Rate 

. Regeneration Concentration 

Regeneration Flow Rate 

Rinse Water Requirements 
Slow Rinse 

Fast Rinse 

5 to 14 
250°F (120'C) 
24 inches (0.61 m) 
See Figure 1 
0.5 to 8 gpm/ftJ 
(4 to 64 I/hr/l) 
2 to 5% (HCI), 
0.5 to 4% (H2SOa) 
0.25 to 1.0 gpm/ft3 
(2.0 to 8.0 I/hr/l) 

2 BV at regenera- 
tion flow rate 

4 to 8 BV at service 
flow rate 

'These suggestions cover the majority Of conditions encountered 
in operating units. Some situations may require operation out- 
side these parameters (e.9. regenerant flow rote). Recommen- 
dations concerning operations of this nature should be sought 
from the equ~pment supplier. a knowledgeable consultant or 
your local Rohm and Haas technical representative. 

APPLICATIONS 

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

Deionization 
Amberlite IRC-76 may be used as the primary 

cation exchanger in a separate bed, followed by a 
bed of strong acid resin such as Amberlite IR-120 Plus. 
This type of operation can provide extremely effi- 
cient removal of cations. 

An alternate system using a layered resin bed 
in a single cation vessel will also achieve excellent 
cation remwal. This system uses Stratabed' 76 resin 
with Stratabed 122. a strong acid resin. These two 
Stratabed cation exchange resins are specially 
sized for layered bed operation. 

Softening 
In the sodium form, Amberlite IRC-76 is 

extremely effective in removing hardness well 
below the ppm leakage level even in the pres- 
ence of high levels of common salt. Regeneration 
is accomplished with an acid strip followed by a 
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. 



HYDRAULIC CHARACTERISTICS 

F Backwash Characteristics 
2' L- 

To insure proper cleaning and hydraulic classifi- 
cation of Amberlite 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 1 shows typical 
hydraulic expansion curves for Amberlite IRC-76 resin 
at various flow rates and temperatures. 

Pressure Drop 
Figure 2 shows the expected clean bed pressure 

drop per foot of bed depth in normal downflow 
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. 

FlGllRE 1 FIGURE 2 

Hydraulic Expansion of 
Arnberlite IRC-76 Resin 
Hydrogen Form 

Approximate Pressure Drop of 
Amberlite IRC-76 Resin 
Hydrogen Form 

5.0 
Temperature. 'F 

/ 

MATERIAL SAFETY DATA SHEETS SAFE HANDLING 
Material Safety Data Sheets (MSDS) are avail- Caution: Acidic and basic regenerant solutions are 

able for all Amberlite ion exchange resins. To obtain corrosive and should be handled in a manner that will 
a copy for a particular resin we suggest you contact prevent eye and skin injury. 
your local Rohm and Haas technical representative Nitric acid and other strong oxidizing agents can 
or the Rohm and Haas Company. 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 Ion exchange resins, consult sources know- 
ledgeable in the handling of these materials. 



AMBERLITE" IRC-50 

IMPORTANT NOTICE 

The fundamental data contained in this 
technical bulletin may not be applicable 
to all field situations without some modC 
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. 

Amberltte IRC-50 is a synthetic cation ex- 
change resin produced in the form of white, 
opaque beads. tts unusually high exchange 
capacity is derived from carboxylic acid 
groups. 

Supplied in the hydrogen or "free-acid' form, 
Amberlite 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 a regeneration efficiency ap- 
proaching 100 percent by treatment with 
dilute mineral acid. 

The carboxylic functionality and exchange 
selectivities of Amberlite IRC-50 lead to im- 
mediate consideration of this ion exchange 
resin in a variety of applications such as the 
neutralization of strong bases: the recovery of 
metallic ions; the isolation and concentration 
of antibiotics, basic amino acids, enzymes, 
and peptides. 

? 
Summary 
Table 1 suggests general operating condi- 
tions for Amberlite IRC-50. 

TABLE 1 

Suggested Operating Conditions 

pH Limitation None 

Maximum Temperature 2 12'F (100°C) 

Minimum Bed Depth 24 inches 

Backwash Flow Rate 2 to 3 gal/ftZ/min 

Regenerant Concentration 1 to 5 percent HCI or 
1 to 5 percent H2SOp 

Buffering Concentration See Text 

Regenerant Flow Rate 0.25 to 1.0 gal/fts/rnin 

Regeneration Level See Text 

Rinse Flow Rate Same as regeneration flow 
rate initially, then 1.5 gall 
fts/min 

Rinse Water Requirements 25 to 50 gal/ft3 

Service Flow Rate 1 to 2 gal/ft3/min 

Exchange Capacity See Text 

Physical and Chemical Characteristics 

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

Denslty (hydrogen form, as shipped): Approx- 
imately 43 pounds per cubic foot in place 
(bockwashed and drained bed volume). 

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

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

Effective Size: 0.33 to 0.50 millimeters 

Molsture Content: 43 to 53 percent 

Unlformlty Coefflclent: 2.0 maximum 

'%ohm and ~ a o s  Company 1989 



Total Exchange Capacity: 
(a) Volumetric . . .3.5 meq/ml, minimum 
(b) Weight . . . 10.0 meq/g dry, minimum 

Physical Stability 
4. Swelling: Amberlite IRC-50 swells approxi- 
mately 40 percent on transformation from 
the hydrogen to the calcium and magnesium 
form as shown in Table 2. This swelling is 
reversible and does not cause any apparent 
damage to the bead structure. When the 
exchanger is converted from the hydrogen 
to the sodium form, particle swelling varies 
linearly with increasing pH; at a pH of about 
10, the resin expansion reaches a maximum 
of 100 percent. 

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

3. Attrltlon: Extended field experience has 
shown that Amberlite IRC-50 has excellent 
attrition resistance. 

Chemical Stability 
Amberlite IRC-50 is stable in the presence of 
strong alkalies and acids, aliphatic and are 
matic solvents. On prolonged contact with 
certain organic solvents, the resin swells to 
some extent, but no disintegration of the 
exchanger beads has been observed. 

Operational Characteristics 
Pressure Drop 
The approximate drop in pressure to be 
expected for each foot of bed depth of 
Amberlite IRC-50 in normal downflow opera- 
tion at various flow rates and temperatures is 
indicated by the data in Table 3. 

Hydraulic Expansion 
To insure proper cleaning and hydraulic classi- 
fication of Amberlite 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. 

TABLE 2 

Percentage Swelling of AMBERLlTE IRC-50 
as a Function of Defense of Conversion from 
Hydrogen Form 

Percent 
Converted Sodium 

Calcium and 
Magnesium 

TABLE 3 

Pressure Drop of AMBERLlTE IRC-50 Beds as a 
Function of Flow Rate 

(Calcium Form - Effective Sue - 0.4 mm, Uniformity 
Coefficient - 1.6) Pressure Drop, Ibs/in2/ft of Bed Depth 

Flow, gpm/ft2 35T 45T 55T 7 5 T  



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 
milliequivalents per mllllliter for the sodium 
form and 2.1 milliequivalents per milliliter for 
the calcium and magnesium forms. The value 
of 3.5 milliequivalents per milliliter for conver- 
sion to 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 example, in polishing units where 
conversion to the sodium form will be quite 
high. The capacity value of 2.1 milliequivo- 
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 salts. 

Titration Characteristics 
The potentialities of Amberllte IRC-50 in ion 
exchange processes can be determined 
conveniently by comparing it with one of the 
welCknown sulfonic-acid type cation exchan- 
gers. Amberlite IR-120. The following equo- 
tions, illustrating the reaction of each resin 
with sodium chloride and sodium b icarb 
note, point to the fundamental differences in 
'reactivity' of the two exchangers: 

Amberlite IR-120 
I .  Rz-S03H + NaCI RzS03Na + HCI ' 

Amberlite IRC-50 
3. RzCOOH + NaCI RzCOONa + HCI 

These reactions clearly illustrate that Amberlite 
IR-120 and Amberlite IRC-50 differ funda- 
mentally in their relative affinitiesfor the hydro- 
gen ion. Amberlite IR-120, containing strongly 
acidic sulfonic-acid groups, is highly ionized 
and shows little affinity for hydrogen ion. h 
contrast. Amberlite IRC-50, containing slightly 
ionized carboxylic acid groups. shows tremen- 
dous affinity for hydrogen ions. As shown by 

TABLE 4 

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

35'F 4SF 7 5'F 

Flow, gpm/R2 A B A B A B 

1 11 5 8 0 0 0 

A. Effective size 0.36 mm. Uniformity Coefficient- 1.56 
0. Effective sue 0.44 mm. Uniformity Coefficient-1.65 

Figure 1. TITIUTION CURVES OF AMBERUTE IRC-50 

2 
0 2 4 6 8 I0 12 14 16 

MIUQUIVALEMS KOH added/gram dry resln 



equation (I), sodium easily displaces the 
hydrogen in Amberlie IR- 420 with the resulting 
formation of hydrochloric acid. As shown by 
equation (3). sodium displaces with great 
dlfficutty the hydrogen in Amberlite IRC-50 
since hydrochloric acid, a strong acid, is one 
of the reaction products. Thus, the equilibrium 
is shlfted far to the left. As shown in equations 

- (2) and (4). both Amberlite IRC-50 and 
Amberlite IR-420 react easily with the salt 
of a weak acid. In these reactions, Amberlite 
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: 

Here, Arnberlite 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 valence of the cation involved. Whereas 
the hydrolysis of the resin salts of polyvalent 
(di-, trii, 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 sulfonic 
exchangers. Exchange potential series for 
Amberlite IRC-50 and Amberlite IR-120 are 
shown for comparison: 

Amberlite IRC-500 
H+> CA++> Mg++> Na+ 

Amberlite IR- 1200 

aEach series represents decreasing exchange poterr 
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 media, it is possible to utilize 
all of the carboxylic acid groups calculated 
to be present in the resin matrix. Amberlite 

IRC-50 exhibltsa minimum weight capacity of 
10.0 milliequivalents per dry gram, 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 Amberlite 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). almost 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). Amberlite 
IRC-50 possesses a weight capacity that can 
be as high as 8.0 milliequiwlents 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 r.d::;i ?*.. .... .. A 

Dilute hydrochloric or sulfuric acid can be 
employed to regenerate Amberlite IRC-50. 

C 
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 
Amberllte IRC-50 for regeneration. For appro- 
priate rates of flow during regeneration, see 
Column evaluation section 3. 

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

Total 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 ,.-,. 

1 ̂  

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. 

Capaclty at pH 7.0: The maximum capacity 
available at pH 7.0 is determined by first 
saturating Amberllte IRC-50 with a normal 
solution of sodium chloride which is 0.1 N with 
respect to sodium hydroxide. The exchanger 
is next rinsed with a pH 7.0 buffer (sodium 
acetatescetic acid) until the rinsings main- 
tain a constant pH of 7.0. After the sample 
has been washed several times with distllled 
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 capacity 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, extremecare 
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 Amberllte 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 (0.168 milliliters per minute per milliliter) 
can be employed. 

3. The exchanger form also determines re- 
generation flow rates. If it is desired to 
convert Amberlite IRC-50 from the free acid 
(H +) to a salt by regeneratlon with sodium 
hydroxide, potassium hydroxide, ammonium 
hydroxide, etc., a flow rate up to (0.670 
milliliters per minute per milliliter of resin) can 
be employed. To regenerate an exhausted 
salt form of the exchanger wlth acid, flow 
rates of 0.134 milliliters per minute per milliliter 
should be used. 

i 
- -3 Applications 
f 

I 

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 
Amberllte IRC-50, all of which depend upon 
the exchanger's off inity for the hydrogen ion. 

Non-reactlvlty toward neutral salts: Since 
Amberltte 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 capoclty: 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 DH values-operations almost 
impossible to achieve with a-strong-acid type 
cation exchanger such as Amberlite IR-120. 

Acld regeneratlon efflclency: Because of 
the affinity of Amberltte IRC-50 for hydrogen 
ion, dilute acids can 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. 
Amberllte IRC-50 eliminates these difficulties. 

Organic Compounds 
The buffering capacity and acid-elution effi- 
ciency of Amberlite IRC-50 have been de- 
monstrated by applying the exchanger to 
the absorption and 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. 

Baslc amlno acld separatlons wlth Amberllte 
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 



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 ad- 
sorbed preferentially, because their basicity 
is greater than that of the neutral and acidic 
amino acids. Bu t  difficulties are experienced 
in eluting the adsorbed amino acids from the 
exchanger. The resin-basic amino acid com- 
bination 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 acids 
poses a serious problem, and because of 
these elution dlfficulties. the development 
ion exchange process has been restricted. 

With Amberlite IRC-50, the difficulties in the 
ion exchange process for basic amino acid 
separation can be eliminated. Treatment of 
the carboxylic acid exchanger with an appre 
pride buffer (sodium acetate-acetic acid) 
converts the resin to a combined sait-acid 
form so that cation exchange occurs at a 
controlled pH. tf the ratio of sodium (sait form) 
to hydrogen (fr-cid form) in the exchak 
ger is adjusted to give pH below 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 results 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 characteristics were 
ascertained with a ninhydrin spot test, sensi- 
tive to a microgram of amino acid per milliliter 
of solution. The influent amino acid concen- 
trations were approximately 1 milligram per 
milliliter of solution. In preparing the resin 
column for adsorption of the amino acids, a 
buffer 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 last 
portion of the buffer was allowed to remain 
in contact with the resin bed for fifteen 
minutes. 'The exchanger column was rinsed 
free from residual buffer with deionized or 
distilled water. 

The results indicate that resin pre-treatment 
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with a pH 4.70 buffer is necessary for the l- 
adsorption of all of the basic amino acids. 
Only lysine and arginine are adsorbed by 
Amberlite 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- 
sotbed amino acids. Two milliequivalents of 
0.1 N hydrochloric acid per milliliter of resin 
effect complete displacement 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-acid 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 Amberlite IRC-50. 

Recovery of miscellaneous substances with 
Amberllte IRC-50: The unique properties of 
Amberlite IRC-50 have been exploited further 
by determining the adsorptionelution char- 
acteristics of the resin in the recovery of many 
ionic substances, including quinine, nicotine, 
thiamine, adenine, pyridine, hydrazine, arn- 
monia, and sodium hydroxide. Both the 
hydrogen and sodium forms were studied in 
aqueous 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 
reactlons. The choice of the sodium (salt 
form) or hydrogen (free acid form) derivative 
of Amberlite 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 Amberlite IRC-50 is used as the hydrogen 
derivatlve, 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- 



TABLE 5 

Basic Amino Acid Adsorption on .AMBERLlTE IRC-50 

Leakage Capacity 
Amino Acid Column PreTreatment Petcent mg/ml g/tt3 

Histidine H-resin 25 very low 

Lysine H-resin 25 very low 

Arginine H-resin 25 very low 

Histidine 
- - -  - 

Column buffered-pH 5.75 very low 

Histidine Column buffered-pH 5.30 very low 

Histidine Column buffered-pH 5.0 5-10 18 

Hitidine Column buffered-pH 4.7 2-10 35 980 

Lysine Column buffered-pH 7.0 0-3 120 3400 

Lysine Na-resin Co-100 very low 

Arginine Column buffered-pH 7.0 0-2 150 4248 

Arginine No-resin 30 - - 
pH 4.70 huffer 100 nil nil 

Glutamic Acid pH 4.70 buffer 100 nil nil 

TABLE 6 

Recovery of Miscellaneous Substances with AMBERUTE IRC-50 

Form of Leakage Capacity 
Substance Recovered AMBERLIE IRC-50 Solvent Percent mg/ml g/tt3 

Quinine sulfate Na H20 2 1.320 37,400 

Nicotine Na H20 100 - - 
Nicotine H H20  0-2 385 10,950 

Thiamine hydrochloride Na H20 5 8  53.5 4,510 

Thiamine hydrochloride Na C2H50H 25 - - 
Adenine sulfate Na H20  100 - - 
Adenine H H20  100 - - 
Pyridine H H20 0 14 396 

,- Hydrazine 
'I 

H H20  0-2 51.2 1.450 

Ammonia H H20  0 7 8 2.210 

Sodium hydroxide H C2H50H 0 13 369 



droxide ion of the Yree base', as in neutrali- 
zation. For very weak bases (pKB > 10). 
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 aC 
coho1 solutions. The ability of Amberlite IRC-50 
to swell in such solvents as water, ethanol, 
dioxane, ethylene glycol, acetone, and iso- 
propanol indicates the exchanger may ex- 
hibit appreciable capacity in all of these 
solvents. 

Suggested uses for Arnberllte 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 Amberlite IR-120. - 

Amberlite IRC-50 deserves consideration in 
the treatment of sugar solutions, amino acids, 
enzymes, hormones, milk and milk by-prod- 
ucts, alkaloids, viruses, antibiotics, citrus deri- 
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, Amberlie 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 or introduction 
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 Amberlite IRC-50 was subjected to 
at least three cycles of exhaustion and 
regeneration. The resin was exhausted with a 
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 a level of ten 
pounds H2S04/cubic foot of resin. Experience 
has shown that this treatment reduces the 
extractables to levels complying with F.D.A. 
Food Addltive Regulo tion #f73.25 (Formerly 
#f2faff48). 

When resins are in continuous use, no further 
s~ecial treatment is necessary. When use is 
intermittent, however, resins shbuld be stored 
under water in the regenerated form and in 
the absence of materials 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 metallic 
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. 
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